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and therefore the load to which the flanged connection can be subjected.

The present invention has particular applicability in the oil and gas industry where large
diameter tubular members with flanged end connections, called “risers” or “riser joints”, are
used. These risers are used in offshore drilling and production operations and extend from
(»’ the wellhead at the ocean floor to a surface vessel. These risers have typically been

manufactured in fifty and eighty foot lengths. During normal operation the flanged connection
between adjacent riser joints must contain internal pressure along with enormous external
loads due to environmental conditions. It is critical that these flanged connections, and the
threaded fasteners holding them together, function flawlessly. These flanged connections and
the threaded fasteners connecting them are the area to which the present invention most
closely applies.

2. Description of Related Art

An apparatus for stretching threaded fasteners is shown in U. S. Patent No. 3,749,362
(O'Connor et al.) The apparatus shown by O’Connor et al. uses an external fastener stretcher
threaded onto a bolt to apply an axial load to the bolt wherein the bolt's nut can then be
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2 6 MAR 2003 2 tightened with m nimal torque. Renoval of the fastener
stretcher allows the bolt and nut to retain the | oad i nduced in%?emgﬁlénus
SUMVARY COF THE | NVENTI ON The current invention uses a uniquely s

stress reduci ng washer designed to corrpegsate for the axial or neridional
direction bending that the flange undergtes during fastener tightening. The
stress reduci ng washer ensures that as the flanges bend the threaded
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construction. The lower washer has a flat lower face with a spherical upper face. The upper

In a

- washer has a flat upper face with a spherical lower face which engages the spherical upper

U face of the lower washer. As in the first embodiment, as the fastener is tightened to its
predetermined value and the flange deflects, the head of the fastener remains vertical while
the spherical faces of the upper and lower washers move radially. Under all conditions,
loaded or unloaded, the flat upper face of the upper washer is in substantially face to face
contact with the head of the fastener and perpendicular to the axis of the fastener.

In a third embodiment of the invention, the stress reducing washer is of two part
construction also. The lower washer has a flat lower face with a cylindrical upper face. The
upper washer has a flat upper face with a cylindrical lower face which engages the cylindrical
upper face of the lower washer. As in the first embodiment, as the fastener is tightened to its
predetermined value and the flange deflects, the head of the fastener remains vertical while
the cylindrical faces of the upper and lower washers move radially outwardly. Under all
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- A final object of the present invention is to provide an apparatus for reducing the

bending stress in threaded fasteners without requiring the use of special fasteners.

These with other objects and advantages of the present invention are pointed out with
specificness in the claims annexed hereto and form a part of this disclosure. A full and
complete understanding of the invention may be had by reference to the accompanying
drawings and description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present invention are set forth below

and further made clear by reference to the drawings, wherein:

FIGURE 1 is an isometric view of a riser connector used in subsea oil and gas drilling
operations with the stress reducing washers of the present invention installed.

() FIGURE 2 is a sectional view of the first embodiment of the stress reducing washer
with the riser connectors unloaded.

FIGURE 3 is a sectional view of the first embodiment of the stress reducing washer
with the riser connectors loaded.

FIGURE 4 is a sectional view of the second embodiment of the stress reducing washer
with the riser connectors unloaded.

FIGURE 5 is a sectional view of the second embodiment of the stress reducing washer
with the riser connectors loaded.

FIGURE 6 is a sectional view of the third embodiment of the stress reducing washer
with the riser connectors unloaded.

FIGURE 7 is a sectional view of the third embodiment of the stress reducing washer
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FIGURE 2 is a sectional view of the first enbodi nent of the stress reducing
washer with the riser connectors unloaded. FIGURE 3 is a sect|2r$IMA\R %ﬂs)f
the first enbodi ment of the stress reducing washer with the rise

connectors | oaded. FIGURE 4 is a sectional view of the second embodi ment of
the stress reducing washer with the riset connectors unloaded. FIGURE 5 is
a sectional view of the second enbodi ment of the stress reducing washer
with the riser connectors |oaded. FIGURE 6 is a sectional view of the third
enbodi ment of the stress reduci ng washer with the riser connectors

unl oaded. FIGURE 7 is a sectional view of the third enbodi nent of the
stress reduci ng washer 2 ~ MAR 2403 4 with the riser connectors | oaded.

FI GURE gViiitng risgeeonniestorgjaadeds the fourth enbodi ment of the present
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of the third enbodi nent of the present 1 nvention w : tors
| oaded. tBEﬁm FANeRIOFUNIPRIGIRESENTLY PREFERRED EMBODI MENTS W th reference
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in an ispnetric view. Riser connector 100 inclu
102 and "R8EGARNSSHOTs iRAgedt | ange 104. Upper flange 102 and | ower flange 104

i nclude butt WehESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS
With reference to the drawings, and particularly to FIGURE 1, riser connector 100 is
shown in an isometric view. Riser connector 100 includes first or upper flange 102 and
( second or lower flange 104. Upper flange 102 and lower flange 104 include butt weld
preparations 106 and 108, respectively, for attaching appropriate sized tubular members (not
shown) as is well known in the art. Seal element 110 is disposed in-the bores of upper flange
102 and lower flange 104. A plurality of fastener holes 112 are spaced circumferentially
around upper flange 102 and lower flange 104 with threaded fasteners 1 14 disposed therein.
Upper flange 102 and lower flange 104 include raised faces 116 and 118, respectively, that

are held in face to face contact when threaded fasteners 112 are tightened to a specified
torque value.

As best seen in FIGURE 2, the first embodiment of the present invention includes
upper flange 102 and lower flange 104 with raised faces 116 and 118, respectively. Fastener
hole 112 in upper flange 102 receives threaded fastener 120 in close fitting relationship.
Fastener hole 112 in lower flange 104 includes threads 122 to engage threads 124 of

(J threaded fastener 120. Upper flange 102 includes backface 126 with counterbore 128 therein
and concentric with fastener hole 112. Positioned within counterbore 128 is stress reducing
washer 130.

Stress reducing washer 130 is a generally cylindrically shaped member with its outside
diameter 132 sized to fit closely within counterbore 128 and its inside diameter 134 sized to
allow clearance for threaded fastener 120 to pass through. The lower face 136 of stress
reducing washer 130 is perpendicular to the axis of threaded fastener 120 and in face to face
contact with lower face 138 of counterbore 128. The upper face 140 of stress reducing
washer 130 is tapered radially as shown to define angle o between upper face 140 and the
underside 142 of the head 144 of threaded fastener 120. When threaded fastener 120 is
initially installed and threaded into lower flange 104, the underside 142 of the head 144 of



preparations 106 and 108, respectively, for attaching appropriate sized
tubul ar nenbers (not shown) as is well known in the art. Seal elenent 110
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flange 102 and | ower flange 104 with threaded fasteners 114 di sposed
therein. Upper flange 102 and | ower flange 104 include raised faces 116 and
118, respectively, that are held in face to face contact when threaded
fasteners 112 are tightened to a specified torque value. As best seen in
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Positioned within counterbore 128 is stress reducing washer 310.

Stress reducing washer 310 is of two part construction and includes upper washer 312
and lower washer 314. Upper washer 312 is a generally cylindrically shaped member with its
outside diameter 316 and inside diameter 318 sized to allow lateral movement within
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2 6 MAR 2003 counterbore 128 in a manner to be described hereinafter. The
upper face 320 of upper washer 312 is flat to engage underside 142 of the
head 144 of threaded fastener 120. The | ower face 322 of upper vvasher 312
is cylindrically shaped as shown. The radius 323 of cylindrical @Eﬁ '{%33
322 is offset.fromthe axis of threaded Tastener 120 by the di stan %
This offset distance ensures proper relative novenent between upperwasher
312 and | ower washer 314 to minimze the bending stresses on threaded
fastener 120 in a manner to be described. The | ower face 324 of | ower
washer 314 is perpendi cul ar to the axis of threaded fastener 120 and in
face toéoﬁﬁfer&%t t. with V\fl’ face 138 of counterbore 128. The upper face
326 of |ower wash '§1§1"73§m8§199%hd?‘éqlqe§‘ hereipafterafite wppertfase 1320 ofhpper of
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th 102, and er face 320 % st ress
\rlmeducrﬁarpsqvxgs ea?‘déﬁ%gggdf P&’@éﬂ? & 1dethedmdsesid %@meﬁchﬁ‘édﬂdé of Heeaxfedt he
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t hr eade ourth i ment. of the present 1nv
shown i i‘%@%&%’ S8 ’?‘{‘@H’&"Y F'% &aﬂn%t fetaw'@s'emcth@ppenfbngemm ment
retain theadidiydisposed hale dS8iigddiledam uppsr ﬂalﬁ £1062 fahé $ibp @W&% r
connect T%du Q,g] %gllméi’dffo e/g per. tl angeﬁzgz an | ower fFan e 8 vlf\'é ?‘1 ttezsaslgsed
faces 116 an resp ey ifaselyofiting thereip, pipserted tneaswre?
r ecei veoriehtationipin f48semaars .a:aet in close fitting relationship. Fastener hole
112 in | ower ' es
' Ad b L ed HFIGURE'ISShen threaded fastener 120 is fully tightened; the flange
102 has deflected downwardly. Upper washer 312 of stress reducing washer 310 has now
b shifted radially with respect to flange 102 and upper face 320 of upper washer 312 of stress
reducing washer 310 is in face to face contact with underside 142 of the head 144 of
threaded fastener 120. This relative movement of upper washer 312 of stress reducing
washer 310 minimizes the bending stress transmitted to threaded fastener 120. This
reduction in bending stress on threaded fastener 120 is a significant factor in increasing the
fatigue life of threaded fasteners 120.
A fourth embodiment of the present invention is shown in FIGURE 8. Those items that
are the same as in the first embodiment retain the same numeric designation. As in the first
embodiment, riser connector 400 includes upper flange 102 and lower flange 104 with raised
faces 116 and 118, respectively. Fastener hole 112 in upper flange 102 receives threaded
fastener 120 in close fitting relationship. Fastener hole 112 in lower flange 104 includes



Z 6 MR 2003 s threads 122 to engage threads 124 of threaded fastener 120.
Upper flange 102 incl udes backface 126 with tapered surface 410 machi ned
thereon. The tapered surface 410 is tapered radially as shown to_define
angl e 6 between tapered surface 410 and the undersi de 142 of theZFGaM;i\Rng{]g,
of threaded fastener 120. Wen threaded $astener 120 is initially installed
and threaded into | ower flange 104, the underside 142 of the head 144 of

t hreaded fastener 120 contacts tapered surface 410 at the outer edge and
angle B as shown. As best seen in FIGURE 9, when threaded fastener 120 is
fully tightened, the flange ~~ ' ~ 102 has defl ected downwardly by the

angl e 8'thT€a%‘J§_r‘?§ urface 410 is_in face to face contact with underside 142
of the head Taf%P TIHR5Jawars 124 ok thraadedfasteper 1R dinpet Biangeol0thiackiges Of

the fastbarkfack2(26 With tapbrigesupcs 410 Aaehifd@tHerddnm zes the bending stress
transmtted t‘.ﬂe-t%.hrre ded. fastener 120. This reduction in bending stress on
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preferr odi.nent.s, it is obvious that equiva
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flange havi nQue imbtoveli dppafdtus AREAIBRNIHR Vedditd SHELs B8h&Ritled I eaded
fasteners due to flange deflection and the methods of its application will be readily
understood from the foregoing description and it will be seen we have provided an improved
apparatus requiring minimal modification to existing flanges to reduce the bending stresses
transmitted to the threaded fasteners. Furthermore, while the invention has been shown and
described with respect to certain preferred embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the reading and

(J understanding of the specification. The present invention includes all such equivalent
alterations and modifications, and is limited only by the scope of the appended claims.



said first flange fastener holes having a counterbore on the back face of
said first flange; a stress reduci ng washer positioned in said ?o qh@gbore
on said back face of said first flange fastener holes; a retaininé 03
Tetaining said stress reduci ng washer in a preferred orientation in said
counterbore; a fastener extending through said first flange fastener holes
and stress reduci ng washers; said stress reduci ng washer configured to

m nim ze bending stress on said fastener when said fastener is tensioned,
said fastener including first and second prel oad retaining neans; and, said
fastener first and second prel oad retaining means engagi ng.said first and
second fl anges, respectively, whereby tensioning of said fastener preloads
* sai d fast enefVhahig Bfisns said first and second flanges in prel oaded

- abutting relatiAndppBratds A reA0B ' f er Qendin streés
in flanged Qo_nn_ecfgiwgns accor%li ngﬁé%%%n%fg?'ﬁﬁﬁq&\%ﬁg%ei"ﬁ?ltasg‘ie% cf’i"i’%‘i""g%tstener
pr el oad “PEWEFIAPhg neans includes a flanged end, said flanged end having an

upper end caikt 8/ §ébdn ' A9l f i i i
fastener, said | ower eﬁéraggé\?g?g%%ﬁgg@sg%dg%?r}@satifgh?ié rhg{}'hg%s@gﬁig %r el oad
ret ai ni feStEREIRSlesharathreuah) said secead flangehavingamiuralitg ofooaplementandastetiari ni g
means i meleddrsrem;t hr eaded end; and, said second flange conpl enentary hol es
are threaded to receive said second fastener preload retaining neans

t hreaded endt@idsfirshfangs fastangs holes having @ eepnterborern theehatk faces bf esid first

fl anged figagerect i ons according to C aim2 wherein:

( a stress reducing washer positioned in said counterbore on said back face of said first
flange fastener holes;

a retaining means retéining said stress reducing washer in a preferred orientation in
said counterbore;

a fastener extending through said first flange fastener holes and stress reducing
washers;

said stress reducing washer configured to minimize bending stress on said fastener
when said fastener is tensioned;

said fastener including first and second preload retaining means; and,

said fastener first and second preload retaining means engaging said first and second
flanges, respectively, whereby tensioning of said fastener preloads said fastener and
maintains said first and second flanges in preloaded abutting relationship.

(., 2. An apparatus for reducing fastener bending stress in flanged connections according

to Claim 1 wherein:

said first fastener preload retaining means includes a flanged end, said flanged end
having an upper end configured to receive a wrenching means for tightening said fastener,
said lower end of said flanged end of said first fastener preload retaining means having a flat
face;

said second fastener preload retaining means includes a threaded end; and,

said second flange complementary holes are threaded to receive said second fastener
preload retaining means threaded end.

3. An apparatus for reducing fastener bending stress in flanged connections according |
to Claim 2 wherein: '



2 s MAR zoo3 i0 said stress reduci ng washer incLudesda Ilat Iomgr face and
tapered upper surface; said flat |ower face of said stress redyci

aashgr contggting sai d counterbore on said back face of said fir tBHﬁM%dﬁﬂS

fastener holes; and, tensioning of said fastener causes said tapered upper

surface of said stress reducing washer 10 engage said flat face of said

|l ower end of said flanged end of said first fastener preload retaining

nmeans in face to face contact. 4. An apparatus for reducing fastener

bending stress in flanged connections according to Caim3 wherein said

retaining means for said stress reducing washer includes: "an orientation

pin orienting sai d stress reducuu? washer with respect to said fastenher

hol e, and, &2d:tttgss&pdysing washesingludes i flat Inweefacatandratpperedndpé?réuuﬁatﬁéreSS

uci ng fastener
Lﬁﬂﬁf'ngg Wa%bﬂﬂalt mmf&egf%ag%%tg%s??gﬁ%c'@ccor 5%?%&}'#%? r?1°'2mﬁf?8f%?'hsa'% ai d

stress P%ﬂﬂ% Q%ﬁ%lglﬁé?t ANge fastepepholesandwasher and aln upper vvas][]er) Salfl
surfgce, sa
upper veshor hagiofsetd stonGi iyso 8 S Hiterds GHIAEblnte of BRT e adiho oo o

flat to%@? %’ée %nlsgg% spid ﬂbeﬁ@P of\said dewertendf $aish flanged erdloicsanyfirsbis®her

cont aCtDmg)a@a’btbuﬁﬁglﬁie%hbﬂféce?o%b%o}?@% face of said fi rst fl ange fastener
hol es; an 4. An apparatus for reducing fastener bending stress in flanged connections according

. to Claim 3 wherein said retaining means for said stress reducing washer includes:
( an orientation pin orienting said stress reducing washer with respect to said fastener
‘ hole, and,

a retainer pin to retain said orientation pin and said stress reducing washer in said first
flange.

5. An apparatus for reducing fastener bending stress in flanged connections according
to Claim 2 wherein:

said stress reducing washer includes a lower washer and an upper washer, said lower
washer having a flat lower face and a spherical upper surface, said upper washer having a
spherical lower surface and é flat upper face;

said flat lower face of said lower washer of said stress reducing washer contacting said
counterbore on said back face of said first flange fastener holes; and,

tensioning of said fastener causes relative movement between said spherical upper

(,; surface of said lower washer of said stress reducing washer and said spherical lower surface

of said upper washer of said stress reducing washer thereby maintaining said flat face of said
lower end of said flanged end of said first fastener preload retaining means in face to face
contact with said flat upper face on said upper washer of said stress reducing washer.

6. Anapparatus for reducing fastener bending stress in flanged connections according
to Claim 5 wherein said retaining means for said stress reducing washer includes:.

an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and,

a retainer pin to retain said orientation pin and said stress reducing washer in said first
flange.



tensioning of said fastener causes relative novenent between said spherical
upper surface of said tower washer of said stress reducing vvasheggng’aéal d
spherical |ower surface of said upper washer of said stress redu g

t her eby mai nt ai ni ng said flat face of said | ower end of said flanged end of
said first fastener preload retaining nkhns in face to face contact with
said flat upper face on said upper washer of said stress reducing washer .

6. An apparatus for reducing fastener bending stress in flanged connections
according to Gaimb5 wherein said retaining nmeans for said stress reducing
washer includes: an orientation pin orienting said stress reducing washer
Wth respect to said fastener hole, and, a retainer pin to retain said
orientation pi?} dh'daaaardt@tﬂoemducé'@uia'stegem/aelhtwg istressindfldndedt cdrindBiths
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8. Anapparatus for reducing fastener bending stress in flanged connections according

to Claim 7 wherein said retaining means for said stress reducing washer includes:
an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and,

a retainer pin to retain said orientation pin and said stress reducing washer in said first
flange.

9. Anapparatus for reducing fastener bending stress in flanged connections according
to Claim 1 wherein:

(J said first fastener preload retaining means includes a threaded end and a nut
positioned thereon, said lower end of said nut having a flat face;
said second fastener preload retaining means includes a threaded end; and,

said second flange complementary holes are threaded to receive said second fastener
preload retaining means threaded end.

10. An apparatus for reducing'-fastener bending stress in flanged connections -
according to Claim 9 wherein:

said stress reducing washer includes a flat lower face and a tapered upper surface:
said flat lower face of said stress reducing washer contacting said counterbore on said
back face of said first flange fastener holes; and,

tensioning of said fastener causes said tapered upper surface of said stress reducing
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face to face contact.
11.  An apparatus for reducing fastener bending stress in flanged connections
according to Claim 10 wherein said retaining means for said stress reducing washer includes:
an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and,
aretainer pin to retain said orientation pin and said stress reducing washer in said first
flange.
( 12. An apparatus for reducing fastener bending stress in flanged connectlons
according to Claim 9 wherein:
said stress reducing washer includes a lower washer and an upper washer said lower
washer having a flat lower face and a spherical upper surface, said upper washer having a
spherical lower surface and a flat upper face;
said flat lower face of said lower washer of said stress reducing washer contacting said
counterbore on said back face of said first flange fastener holes; and,
tensioning of said fastener causes relative movement between said spherical upper
surface of said lower washer of said stress reducing washer and said spherical lower surface
of said upper washer of said stress reducing washer thereby maintaining said flat face of said
nut of said first fastener preload retaining means in face to face contact with said flat upper
face on said upper washer of said stress reducing washer.
(,} 13. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 12 wherein said retaining means for said stress reducing washer includes:
an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and,
aretainer pin to retain said orientation pin and said stress reducing washer in said first
flange.
14. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 9 wherein:
‘'said stress reducing washer includes a lower washer and an upper washer, said lower
washer having a flat lower face and a cylindrical upper surface, said upper washer having a
cylindrical lower surface and a flat upper face;
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said flat lower face of said lower washer of said stress reducing washer contacting said
counterbore on said back face of said first flange fastener holes; and,
tensioning of said fastener causes relative movement between said cylindrical upper
surface of said lower washer of said stress reducing washer and said cylindrical lower surface
of said upper washer of said stress reducing washer thereby maintaining said flat face of said
nut of said first fastener preload retaining means in face to face contact With said flat upper
face on said upper washer of said stress reducing washer.
. 15. An apparatus for reducing fastener bending stress in flanged connections
(_ . according to Claim 9 wherein said retaining means for said stress reducing washer includes:
an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and, )
aretainer pin to retain said orientation pin and said stress reducing washer in said first
flange.
16. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 1 wherein:
said first fastener preload retaining means includes a threaded end and a nut
positioned thereon, said lower end of said nut having a flat face; and,
said second fastener preload retaining means includes a threaded end and a nut
positioned thereon.
‘ 17. An apparatus for reducing fastener bending stress in flanged connections
L/ according to Claim 16 wherein:
said stress reducing washer includes a flat lower face and a tapered upper surface;
said flat lower face of said stress reducing washer contacting said counterbore on said
back face of said first flange fastener holes; and,
tensioning of said fastener causes said tapered upper surface of said stress reducing
washer to engage said flat face of said nut of said first fastener preload retaining means in
face to face contact.
18. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 17 wherein said retaining means for said stress reducing washer includes:
an orientation pin orienting said stress reducing washer with respect to said fastener
hole, and,
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according to Claim 16 wherein:

said stress reducing washer includes a lower washer and an upper washer, said lower
washer having a flat lower face and a spherical upper surface, said upper washer having a
spherical lower surface and a flat upper face;

) said flat lower face of said lower washer of said stress reducing washer contacting said
( counterbore on said back face of said first flange fastener holes; and,

tensioning of said fastener causes relative movement between said spherical upper
surf-ace of said lower washer of said stress reducing washer and said spherical lower surface
of said upper washer of said stress reducing washer thereby maintaining said flat face of said
nut of said first fastener preload retaining means in face to face contact with said flat upper
face on said upper washer of said stress reducing washer.

20. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 19 wherein said retaining means for said stress reducing washerincludes:

an orientation pin orienting said streés reducing washer with respect to said fastener
hole, and,

a retainer pin to retain said orientation pin and said stress reducing washer in said first

flange.
(J 21. An apparatus for reducing fastener bending stress in flanged connections

according to Claim 16 wherein:

said stress reducing washer includes a lower washer and an upper washer, said lower
washer having a flat lower face and a cylindrical upper surface, said upper washer having a
cylindrical lower surface and a flat upper face;

said flat lower face of said lower washer of said stress reducing washer contacting said
counterbore on said back face of said first flange fastener holes; and,

tensioning of said fastener causes relative movement between said cylindrical upper
surface of said lower washer of said stress reducing washer and said cylindrical lower surface
of said upper washer of said stress reducing washer thereby maintaining said flat face of said
nut of said first fastener preload retaining means in face to face contact with said flat upper
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hole, and,

aretainer pin to retain said orientation pin and said stress reducing Washer in said first
flange.

. 23. An apparatus for reducing fastener bending stress in flanged connections,
(_ ; comprising:

first and second flanges in facing relationship, said first flange having a plurality of
fastener holes therethrough, said second flange having a plurality of complementary fastener
holes therein;

said first flange fastener holes having a counterbore on the back face of said first
flange;

a fastener extending through said first flange fastener holes:

said counterbore of said first flange fastener holes configured to minimize bending
stress on said fastener when said fastener is tensioned;

said fastener including first and second preload retaining means; and,

said fastener first and second preload retaining means engaging said first and second
flanges, respectively, whereby tensioning of said fastener preloads said fastener and

L/ maintains said first and second flanges in preloaded abutting relationship.

24. An apparatus for reducing fastener bending stress in flanged connections
according to Claim 23 wherein: ‘

said first fastener preload retaining means includes a flanged end, said flanged end
having an upper end configured to receive a wrenching means for tightening said fastener,
said lower end of said flanged end of said first fastener preload retaining means having a flat
face;:

said second fastener preload retaining means includes a threaded end; and,

said second flange complementary holes are threaded to receive said second fastener
preload retaining means threaded end.

25. An apparatus for reducing fastener bending stress in flanged connections
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according to Claim 24 wherein: _
said counterbore includes a tapered surface; and,

tensioning of said fastener causes said counterbore tapered surface to engage said
flat face of said lower end of said flanged end of said first fastener preload retaining means

in face to face contact.

26. An apparatus for reducing fastener bending stress in flanged connections

according to Claim 23 wherein:

said first fastener preload retaining means includes a threaded end and a nut

(\4 Positioned thereon, said lower end of said nut having a flat face;

said second fastener preload retaining means includes a threaded end; and,

said second flange com piementary holes are threaded to receive said second fastener

preload retaining means threaded end.

27. An apparatus for reducing fastener bending stress in flanged connections

according to Claim 26 wherein:
said counterbore includes a tapered surface; and,

tensioning of said fastener causes said tapered upper surface of said stress reducing
washer to engage said flat face of said nut of said first fastener preload retaining means in

face to face contact.

28. An apparatus for reducing fastener bending stress in flanged connections

according to Claim 23 wherein:

Lﬁ' said first fastener preload retaining means includes a threaded end and a nut

positioned thereon, said lower end of said nut having a flat face; and,

said second fastener preload retaining means includes a threaded end and a nut

positioned thereon.

29. An apparatus for reducing fastener bending stress in flanged connections

according to Claim 28 wherein:
said counterbore includes a tapered surface; and,

tensioning of said fastener causes said tapered upper surface of said stress reducing
washer to engage said flat face of said nut of said first fastener preload retaining means in

face to face contact.



