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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGAL NOTICE

This report was prepared as ‘an account of Government sponsored work, Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission: -

A. Mdkes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or . .

B.  Assumes: ony liobilities with respect to the use of, or for damages resulﬁng‘from the use of
any information, opp’ara'tus, method, or process disclosed in this report.

As used in the obove, *‘person acting on beholf of the Commission’’ includes any employee or

contractor, of the Commission .to the extent that such employee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission. ) -




SUMMARY _ 7 |

A l/2-in. titanium to stainless ring joint flange with a lesk detection
facility has bgen designed, fabricated, and given preliminary thermal cycling
"~ tests. .The flange consists of a titanium stub end and carbon stee; lap joint
flange; & 17-4 PH stainless steel octagonal ring; and a carbon steel, welding
neck, ring joint flange clad with stainless steel.

Preliminary thermal cycling tests indicate that the transition flange

will function properly in the intended application; namely, the installation

~

of a titanium letdown heat exchénger in the HRT mockup.




INTRODUCTION

A Design ana Development Program was initiated to providé a flanged stainless
to titanium joint to be used in conjunction with the proposed titanium letdown
heat éxchanger for the HRT mockup. |

Requirements to be incorporated in the design,of the flange were as
follows:

1. Operating preséurei, 2000 psi

V2. Deéign préssure;: 2500.psi

3. Operating ﬁemperature: 280°C (subject to temperatufe éycling)

4. Fluid medium handled: U0,50), |

5.  Leak detection: Flange to be providéd with means for leak détection.‘

6. Maiﬁtenance: Flange tdlbe easily assembled and disassembled, even

by remote means if necessary.

T. ©Size: '1/2-in. Schedule 80 nominal pipe size.

PROCEDURE

a. Design
| The need for a stainless-to-titanium‘transition Jjoint became apparent

when itbwas decided to fabricete a titanium letdbwn heat exchanger end install
it in theAexisting stainless HRT mockup system. :The problem of a Jjoint made
Ifrom these two materials is complicated due to the great dissimilarity between
the thermal expansion coefficient of the_two metalsf

The fask of joining dissimilar materials is certainly not a new bne and was
faced early in the HRT design ﬁrogram when it was necessafy to design a Zircaloy-
to-stainless stéel joint(l); The problem was solved in'thisainstance bj'the
development of a laminated titanium expansion sleeve and gold gasket combination.
Since this type of jéint had successfullyvpassed thermal cyciing tests and some

information was availeble on its design, & preliminary stainless-to-titanium

Joint design based upon this principal was made (Figure 1). It was decided,
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however, that an adequate method of leak detection could not be easily incor-
porated in this design. Furthermore, the assembly of a joint of this type, with
~its close fiﬁ betﬁeen sleeve and seat, requires precise positioning and poses

- an additional burdeh when pérformed remotely and under water. For the above
reasons, it was deemed feasible to conqentrate on adapting a flange of'standard;
design to fulfill1the requirements of the tragsition Jjoint.

As noted previously, the wide divergence of the thermal expansion of
titanium and stainless steel precluded theif direct connection. The coefficients
of thermal expansion for titanium and type 347 stainless steel are 5.3 % 10-6
in/in-°F and 9.8 x 10-6 iﬁ/in-°F, respectively. Therefore, an éffort was made |
to incorporate into the design a metal more nearly maﬁching the thermaI expansion
characteristics of titanium. Carbon steel, with a thermal coefficient of
expansion of about 7 x lO-6 in/in-°F, Waé chosen as a base metal for the opposing
flange hglf. Corrosion resistance to the U0n504 solution dictated that the.
carbon steel be clad with stainless steel. (See Figure 2 for final fl;nge deéign).

Fof the tiﬁanium portion of the flange, a ring joint stub end was used
in préference to a weld neck design'in keeping with the desire to use metals
-gpproaching equal thermal éxpansion characteristics. This effectively reduced
the volume of titaﬁium in the flange assembly and increased the volume of
carbon steel in the assembiy to a maximum, thereby bringing the overéll thermal
expansion coefficient of the flange assembly close to that of carbon steel.

Cladding of the carbon'steel, welding neck, ring joint flaﬁge presented
‘several problems. First, a method of cladding the internal diameter of the
fiahge had to be developed. Second, the cladding material, especially on the
flange faqe, should be sufficiently thin so that when bonded to the carbon steel
base it would foilow the expanéion characteristics of the base metal during |

temperature cycling.
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The cladding of the internal surface of the flange was accomplished by
drilling the flange diameter ovérsize'and inserting a séainless steel sleeve
thefein. The thickness of the sleeve was determined in the following manner.

It was decided thét the stainless steel sleeve would carry no load. Hence, the
critical dimension is the thickness of the carbon steel at the welding end of

the flange} Or.in other words, thé thicker the stainless steel sleeve, the less
metal remaining on the carbon steel flange to carry the load. Therefore,'knowing
that the deformation of the sleeve and the flange will be the same under load,
since they are in intimate cbntact and the sleeve carries no load, Timoshénko's
equation(2>.for(deformation of a cylinder subjéct to internal and external pressure
was used to determine the pressure between the sleeve and the flange. Various
thicknesses were selected for the stainless sleeve thus giving a corresponding thick-
ness for the carbon steel end.‘ Writing the equation for the deformation of the
sleeve and another for the deformation of the flange and then equating them
enabled the pressure exisﬁing between the sleeve and the flange to be determined
for each cése. Knowing the pressure, the stress on the stainless steel sleeve and
carbon steel flange could then be calcﬁlated(B)° The thickness of the sleeve was
therefore adjusted to give a maximum stress of 12,000 psi in the carbon steel

and 14,000 psi in the stainless steel. Thus, the 60 Mil sleeve thickness was
obtained.v (See Appendix‘A4for sample calculation). In addition, the standard
corrosion allowance for pipes one”inch and smaller in diameter is 50 Mils, hence
the 60 Mil sleeve thiékness appeared adequate from this standpoint. To keep the

' ciadding thickness uniform, & 1/16-in. thick cover was placed on the face of the
flﬁnge.

A slight departure from standard practice was made in tﬁe design of the ring
gasket. ﬁdrmally, the ring is made from a softer material than the flanges so that
any distortion that occurs will be in the ring, which may be replaced, and not

in the flanges. However, in this instance, it was thought best not to place a



soft titanium gasket in contact with the titanium flange, since titanium is

subject to galling and seizure. Therefore, an octagonal ring gasket was machined
from 17-4 PH stainless steel énd used in the flaﬁge° The coefficient of thermal
expansion of 17-4 PR is low, being approximately 6.30 x/10-6 inch/inch-°F,
which lends itself quite feadily to the flange assembly.

b. Fabrication ‘

The titanium, ring joint, stub end was machined from MST Grade III

bar stock to staqdard tolerances. A commerical 1500 pound, cérbon steel, lap
joinﬁ flange was used with the titanium.ring Jjoint stub end.

For fhe mating flange half, a 1500 pound carbon steel, weld neck, ring Joint
flange was used. The face of the flange, including the sides and bottom of the
groove, was machined off a depth of 1/16 inch and all .corners rounded. The flange
face at the inside diameter was beVeléd on a 45 degree angle. The inside diageter
of the flange was then bored to receivé the 0.666 inch.0..D.. stainless steel -
 sleeve snugly. A hole wés drilled frém the outer periphery for the insertion
" of a 1/h-in. 0. D. leak detector tube. Next, a 3/8-in. hole was drilled at the bottom
of the groove to connect to the leak detector hole. |

The end of a piece of leak detector tubing was fused and inserted into fhe
drilled hole. Usihg §O8;L‘stainless steel welding rod, the hole at the bottom of the
grobve was filled thus securing the léak detector tubing and a cover éass Waé
placed on the face of the flange including the groove. Type 347 stainless steel
weld rod was used to %ill up the groove and meke an additional pass "‘across the
face of the flange. The welding end of the flange was built up with 308-L
stainless weld rod.

The face of the flange was remachined to the original dimension, i.e., the

excess weld metal was removed leaving the 1/16-in. cladding. The weld overflow




was removed from the inside diameter at the face ana end of the flange. The
flange face at the inside diameter was re-beveled to a 45° angle and the end
of the flange Waé beveled to a standard HRP weld dimension of 50 degrees. The
sleeve was then inserted in tﬁe flange and.seal welded at the flange face. A
standard ;groove was then machined in the flange face.

The sleeve was cut off and seal welded at the end.of the flange to prevent
dye penetrant from entering the crack. The flange>was then welded to a l/2-in.
Schedule 80 stainless steel pipe. | .

Dyé penétrant was used to check the cover passes for any flaws that might
exist and the weld connecting the flange to the pipe wés examined with dye
penefrant and radiography. | |

The grooves in thg titanium.stub end and the étainless clad carbon steel
flange were machined to fit as close as possible, without the use of speclal
gauging defices,‘to the machiﬁed surfaces‘of thg 17-4 PH ring gasket.

c. Testing - General'

The flange was assembled and installed on flange test loop number 2
which ié a multi-station flange testing facility, having a vacuum leak detection
system. The loop is designed for thermal cycling and testing of frpm 1l to 8
flanges undef steam pressure.

The normal thermal cyéling of flanges in this loop consists of a four hour
heating period, from 100°C at atmospheric pressure to a maximum of 33%6°C at
2000 psi; a two hour hold period at this temperature and pressure; a four
hourvcooling period, cooling to 100°C at atmospheric pressure; and a two hour
hold period at 100°C at atmospheric pressure. |

The date of temperature increése and decrease during the heating and cdoling
periods is approximately 55°C per hour. The system pressure  corresponds to the

saturated steam pressure for the given temperature.
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The flange was mﬁde ub with bolts having pin extensometers installed and
were equipped with ferrules. All bolts'were of ASTM Al193, Grade B7 material.
The nuts were ASTM A9k, Class 2H and the ferrules were made of AISI 4140 |
material.

The flange was insulated with nine layers of crinkled aluminum foil .0015
in; thick wrapped around iﬁ, giving a total thickness of 5/h to 1 inch.

Thermocouples were mbunted on the flgnge hubs and on two bolts in the
flange.

"The initial bolting up of the flange was done by use of a torque wrench.
The bolts were lubricated with a molybdepum.disﬁlfide lubricant.(Bemol number 3
grease). The elonéaﬁion of the boits was measured by means of the pih extensometer

(a steel pin through a holé the length of “the bolt and welded at the point) and
a dial indicator, measuring the difference‘between the bolt head and the free
‘end 6f’the‘steel pin, both of which ha&e machined surfaces.

d. Testing - Detail

The pitch diameter of the ring and grooves were measured before assembly.

The‘bolts weré tightened to an initial loading of approximately MS,OOC psi as
determined‘by exténsometer readings. A twenty-four hour period elépsed before
thermal cycling tests began'and during this period the leak detector system .
was pumped down to a required high vacuum. The flange was thermal cycled five
times as previously deseribed and then disassembled for inspeétion. Additional
inspéctiohs were made following runs of five, eleven and twelve cycles.

During thermal cycling, data was obtained on bolt elongation; system, flange '
and bolt temperature; and flange 1eékage ratés.

Following the above series of tests, the flange was assembled without'the
ferrules on the bolts.‘vTo date; fifteen thermal cycles have been completed

and the flange inspected. Further runs are to be made on this assembly.




- this closure. However, the residual stress at room temperature of the bolts,

. in contrast to the increased bolt stress observed in the all stainless flange.

11

RESULTS

In Figure 3, two flanges are compared in regard to bolt stress as a function
of thermal cycling. One flangé is a standard 1/2-in., stainless-to-stainless,
weld-neck? ring joint flange and the other is a 1/2-in. titanium-to-stainless
flange as described in this report. Examination of the way in which the bolt
stress decreases more rapidly in the transition joint at room teﬁperature

following thermal cycling indicates that more plastic deformation occurs in

pre-stressed to 45,000 psi,'decreases with thefmal cycling and asymptotically
approaches a value of approximately 28,000 psi. This compares with a value
of approximately 40,000 psi as observed in the all stainless flange..

Another point to be noted from Figure,3 ié that the bolt stress in the
transition flange is.leSS at operating temperature than at room teﬁperature,

This phenonmeon has been observed previously in joints of dissimilar materials(u).
This coul& Be attributed to ‘the fact that the thermal expansion coefficients of
titaniuﬁ and 17-4 PH stainless are lower than that of the carbon steel which
comprises the bulk of the flange.

In Table I afe listed_max%mum and average leak rates observed during a series
ofithermal cycles of the all stainless flange and the titanium to stainless flange.
The cycles chosen as representative.of the all stainless flange were those which
followed the installation of a new ring and thus were similar to the new titanium
to stainless assembly.

It can be seen that at room temperaturé the leak rates are fairly constant
for both flanges over a number of runs and disassemblies. However, at operating
temperature and pressure, the largest leak rate occurred after the firét
assembly and during the first run and gradually diminished as additional runs

and disassemblies were made. From this it is Concluded that the increased
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TABLE 1

Stainless_to-Stainless Joint

Maximum Leak Rate Per Average Leak Rate Per Meximum Leak Rate Per Average Leak Rate Per.

Cycle Cyéles Run at Room Temp. and Run at. Room Temp. and _ Run at 336°C and " Run at 336°C and

No. Per Run O-psig, g HpO/day 0-psig, - g HoO/day 2000 psig, g HoQ/day 2000 psig, g H~0/day
Lh-5% 0 1.09 x 107 ' o.éh xvlo‘h» - . 16.30 x 1074 10.20 x 1074
53-61 9 1.12 o Low N 7,ih 6.28
62-66 5 . 1.08 - - 0.89. - . - 5.39 _- . k.59
67-76 710 1.63 1.48 o '3;69 - ‘ ’2}87

Titanium-to-Stainless Joint

1-5 5 : 1.18 x 107 0.82 x 107" | 6.62 x 107 k79 x 107"
"6-10 5 ‘ 0.65 0.48 - 2.77 ‘ , RS E
11-21 11 0.97 o 0.7% 2.67. | 1.59

22-33 12 0.85 1 0.80 _ 0.80 0.77



1k

deformation that occurs to the ring and grooves during a number of aésembly
operationé is apparently beneficial from the standpoint of decreased leask rate.

In the‘all stainless flange some deformation occurs to both the ring and
the grooves and,‘in‘some instances, thg ring binds in one flange half requiring
external force for removal. In the titaﬁium to stainless flanée there was no
visible déformaﬁion of the 17-4 PH stainless steel ring,ka very sligh£ défor-
mation ofythe Stainless sfeel clad flange, and about a 6 Mil meximum indentation
of one side of the groove of the titanium stub end. Dﬁring all disassemblies,
the‘l7-h PH ring was eaSiiy removed from the flange with no evidence of binding
or -seizure. ' ' ,
CONCLUSIONS

The results obtained from the thermal cycle tests indicate that it is
feasible to fabricate a”titanium—to—stainless flange’aé described in this report.
Thé leak rates obtained‘on this flange‘compare favorably with those of'a com-
parable all stainless‘flange. Additiona; flanges are being fabricated in order
to install a titanium letdown heat eXchénger'on the HRT mockup. " This will enable
| the flange to be tested with UOoS04 as thé process fluid, however, it is

anticipated that no harmful defects will arise from this application.
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APPENDIX A

Figure 4 represents the end of the carbon steel flange with the stainless
steel liner of unknown thickness inside. : :

Carbon Steel

Stainless Steel

Figure b4

Writing Timoshenko's equation for the deformation of any point in concentric
cylinders due to internal and external pressure and adding a term for tempera-
ture effect, the deformation at rp for the outside cylinder equals,

2 2
&(r rs P2)

+ agTorn (1)

3z T 2%

ahdvthe deformation at rp for inside cylinder equals,
2 ' 2 2. o
(r.P.)r s oy (v, 5r.P.) -
) (1Tv) 2 "2'"2 (14v) 17272 valirs - (2).

. =
1 E; 2 2 Ey 2 2
| (r,"-r) %) (ry"or ")y
As was noted previously, the inner cylinder carries no load, hence, P; = O; ;
and since there is no external load on the: carbon steel cylinder Pp = O also. |
Therefore, equating (1) and (2) enables one to solve for the pressure between -
the cylinders due to temperature increase alone. ; ‘
| \

3 B 2 . 3p. 2
(l-V) (I'2 P2) + (l+v) (r2r5P2) + agTorp = - Ll-V) (1'2 P2) _ (1+V) (I’ lI'ePE)
o I' 2-1‘ 2 _ (I‘ 2-'1' 2) ° El (r2 -r 2) EJ_ (r2 -r 2)
S T -3 T2 271 271
+ a;Tyrp (3)

rearranging (3)
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‘ 2 .3
1-v 2 1 (775 ) ‘o rn o_p | LV (z7) N
oto*2 "T2 |'E; .2 _ 2
(r 5"T1 )

i

(r,°r,)
(L+V) ‘"1 "2
By (ree—rlg

+.aiTir2 (4)

-

Transposing and solving for P2

ry(a;Ti - a,To)

(1-v) 2 5 (14v) (Fo3 ) (1-v) (ry7) (1av) (T177p)
() o (P Bt B (5 )
o . | - rp(agTy-agTo) 5 | (6)
2 [am T2 L aw 5D ]+r Q) (2B . (14)(n?)
21 E (r52 _r22) Eo (r52 -r22 ),i 2 El (r22—rl?) E; (rgg-rlg)
(2,7, - 80To) : | - (7
o . |
2 ' ‘ :
; _ [ (1-V) r,% + (1+v)<1~52)}+ S (1-V)(x,2)+(147) (x, ®)
Eo(r5 -r7) ‘ _ Ei(r? -ry ) |
| (a;T; -aoTe)
Py = —— 5 - : (8)
(l-V)r§2 £ @) || ) fg + (147)
g2 : (r.2 -1).
Eo (l';_i_g) ) _ E:L .‘.__.._......_..v22 "
5 4L o 4

This equation for P, is in-the form of constants and ratios of the unknown
cylinder thicknesses for ease in trial and error solving. The. correct trial
solution follows as an example.




P

The known values are:

r. = .273 inches
r, = .420 inches
a; = 9.8 x 107
6 = 6.8 x 1070

Ty = Tg = 500°F

V = Poisson's ratio .

.3 (for elastic range)

E; =12.9 x lO6 psi - carbon steel

E, =25 x lO6 psi - stainless steel

(9.8 x 10‘6

x 500 - 6,8 x 10

inner cylinder thickness of 0.063 inches which makes r,

-6 x 500)

—

-

o =

= 2740 psi

stainless steel shell as:

" a°P, -b°P
1 (o]

2
(O 7)(_2.3_6__l (0.7)£_'_226_2l + 1.3
(.420%) ’ (.273%) |
+ N
' D 2
25 x 10%(1 - 422§§ ) 12.9 x 106(4§§§§ - 1)
i _Wheo i 273
15 x 1o'u
‘1.7u8 2.362
9 x 106 6.68 x 1o6

(P, -P_)a b

Stress = +

2 2

b<-a r (b

|

|

|

|

|

|

|

|

' Using Timoshenko's Equation 200 noted prev1ously gives the stress in the
2 2

in/in-°F - Thermal coefficient of expansion for stainless steel.

in/in-°F - Thermal coefficient of expansion for carbon steel.

= 0.336 inches.

(11)

(12)



when a = .273 inches

b = .336 inches-
r= b
' 2
Stress = (~275 )£0) ~-(.336 )(27h0)
(.3362-.273%)
=30 23.1
~Stress = 5-038 50555
Streés = -13,600 psi (compression)

Stress in the carbon steel cylinder

when:
a = .336 inches
b = .420 inches
r = b

Substituting in (12)

(.336°)(.336°-.273

(0—27h0)(-2732)(-3522)
| .

© (.3362)(2740)-(.420%)(0)  (27%0-0)(.3362)(.4202)
Stress = 5 5 ‘ 5 5 5
(.420%-.3367) 4207 (L 420" -.3365)
_ 310 54.5
Stress = 5g3 * 70111
Stress = 9850 psi

(13)

(14)

(15)

17)

(18)

Both of these stress values are below the maximum limits of 14,000 psi -and
12,000 psi established prev1ously and the l/l6-1n (0.063) thlck sleeve is thus

obtalned
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APPENDIX B

'Thé leak rate calculations are based on a memo by R. D. Cheverton of
December 7, 1956, in which the following equation is presented:

 y(ap 51 : o ‘
~L.R. = Za—g.—?ﬁ)- | o | (1)

where:

c.c; at S£andard atms conditions

L.R. = Leak Raﬁe, day

V = Leak detect§r volume,'c.c.

AP = 'Ch&nge of pressure in volume V, microns of Hg.
At = Time for pressure change; seconds

T = Averagé'temperature of gas in volume, V, °C.

An additional ‘term is required to convert 0 grams of HpO/day at standard
conditions.

_V(aP) 31 18 ' | .
LR = At (273+T) * 22,500 S (2)

| _ V(aP) .o2kg. L o
_ .L.R.. = éﬂm‘ _ . ' (3)

The volume of the leak detector system is 49.25 c.c. and the average absolute
temperature at operating conditions is 360°K and at room temperature 300°K.

.". substituting in Bquation (3).

LR (Hot) = “LBOMNE _ go5 (OF) Grems B0 ()
L.R. (Cold) = ”9‘22562§49)AP = 00409 (2£) Graginao (5).



().

(2).
(3).
().
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