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FABRICATION & ALLOY SELECTION

A Guide for Designing with Small Metal Tubing
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A Guide for Designing
with Small Metal Tubing

Miniature metal tubing is defined as tubing with outside diameters
as small as three thousandths of an inch to as large as 5/8 of an inch.

Miniature tubing, which can be provided as either seamless or welded and drawn, is
produced by cold drawing in erder 1o obain:

Smooth, bright surfaces

Precise dimensional accuracy

Thin walls

A wariety of mechanical properties
and conflgurations

R p

Seamless wbing i produced from pierced, exzruded or drilled bar
ar billet which is formed into a whe hollow, The wbe hollow is then
progressively drawn down to finish size. VWelded and drawn tubing beging as
cald rofled strip which-is produced In long coils, shaped into wbular form, and
walded, Mo filler materiale or flec are used in the welding operation and therefore
the weld bead is of the same analysis as the parent mewl, The tube is then
progressively drawn down to finish size. Due to cold warking and
intermediate annealing, the weld rone recrysmllizes and becomes
homogenous with the parent meml, and becomes equivalent to the
parent metal in ductility, appearance and mechanical properties.
Potentlal benefits of welded and drawn twbing are uniform wall
thickness and reduced cost.

Cold drawing consists of pulling or drawing the tubing
through a die which is smaller in diameter than the
outside of the tube.

Wvhile it passes through the dia)it is usually supported on the inner
surface. or LD, by a tool called a2 mandrel, which cantrals the inside
diameter, wall thickness and langth of the wbe. The cold drawing
process (3 repeated until the desired tube size ks reached, Cold
drawang reduces ductility (pliability) of the allay. lo prevent this,
the tubing is normally annealed betwaen the drawing
operations, which increases the ductility and prevents
brittleness. The frequency of annealing (and subsequent
cleaning and straightening operations) depends on
the type of material and amount of diameter and
wall reduction desired. This reduction is
measured by the change in cross sectional
area which @kes place as the whing
passes through the die.
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The benefits of tubing define the areas where the designer
should consider the use of tubular parts.
Here are some benefic guidelines:
. Difficude miniarure shapes
. Chose olerance
. Elimination of expensive machining operations
. Fewer finishing aperations 3
. Broad range of alloys /

Reducden of size and weight

Maximize: electrical and mechanical properties
Reduced marerials cost

Builc-in burr-free and smoother finishes
Potencially significant cost reduction

=R - TR S

—

Designers should recognize that tubing is available in shapes other than round.

Small diameter precision mbing can be made square; triangular, oval, hesagonal, rectangular,
trapezoidal, or tear-shaped, as well as more complex

shapes. Searting with a shape other than round has,

in many cases, considerably reduced the

manufacturing costs af the ultimate assembly. F /
The information which follows on fabrication and \
alloys is intended a3 a general guide for minfature

tubing and whular pares. Other secondary

operations and/or combinations thereaf, cloger
tolerances, and finer finishes are available on

zpplication, dependent on the alloy and size. o \
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Fabricating Fine Tubing

The designer has a host of options when considering precision small diameter tubing, There is
lirtle in the way of fabrication that cannet be achieved In spite of the miniaturization involved,
The following pages give some Indication of aparations which can be performed individually or
in various combinations on minlature tubing

Included in the line drawings are helpful engineering paramerers which are normally obminable,
Farameters shown can sometimes be exceeded with 2 corresponding cost increase due m any
special operations invobred,

Outside Diameters Inside Diameters Wall Thicknass
Mirbmum: Di2*
oD Monmal Tolsransas: W
ol 04°-007 067 08% . 8R7
e D00ZS"  =.0005" = 001" = 0015"
Winiram; 033" Mazimum: 625" Monmal Gurtaca Finish: 63 microinch
Hormal Tolsranoas: K o
Mlinimum;: 008" Marimume 048*
=03 03700 00250 a6t Ssamiess - narmally, within 410% of Harmal Tolarames:
£00025°  +.0005° «O0O075"  w007" wall thickness,
‘Waldad & Drawn = nommally, within 15% <0100 0000000 w020
Hormal Swriace Finish: 32 microinch afl wall thickress, w0 w.001" w5
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-+ i Cutting — is the first and
D oo perhaps the primary technique,
e i and from the sandpoint of
- accuracy and rate, cutting has
| . 'I Erear value in mamsacturing
L - o 2'=§ - F"-18" 1838~ methods. Dependiig on
o oo e 010 s018  dimensions and materal to be
un;nm—mgmmm.mm, cut, thero are several employable methods which affect both quality
OO0 & ID Distortion — "“u“um' gﬁﬁl i, and cost. The tble below provides a general summary.
CUTTING
Method of Le (inches) Tolerance  Rate HNeed to
Suling Max. Min. s (inches) pos/hr  deburr
Scrow Machines & .05 {11 BOV3500 YES
Shaar G-12 02 003 500/20000 no
Radial Saw 6-12 %] 10 5001200 yes
ECM 612 2 005 500/6000 na
Score B-124 2 010 500 200 ne

Mathod of Cutting — note that there are similarities in end result, but also note the differences in rate and deburring
requirements. OF the five methods described fior cutting, anly three yield essentially burr-free ends, If sither of the other two
methods are ued, an additional oparation is necessary to remeve the burr which adds to the coor In the case af very fine
tubirg, where the |0\ is 250" or less, remaving LD, burrs bacomes more dificule. The cut twbe, independent of cutting
methods, serves as the basis of all further forming aperztions.

ID Radius

Closing

W
A
v

A max, = 35x W

Codned radius will be amoath and fres
of burrs or serrations,

Ends of shear cut oubes can

be coined as indicaved in

the ilstraton to permit
unrestricted assembly of mating
Companants, or 1o insure burr-

free configuration. ECM
provides a siight inside radius,

‘which is inherent to the process.

i S
l S

The closure and i shape ean
be varied depending on its
application. As a peneral
guideling, ermetic closures
can be achieved depending on
wall thickness and alloy.

Lz

Z
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Reducing/Expanding

I‘—-‘t —'-'I Reducing and'or-expanding is
—— e —] T a prometry that has
£ LD applicstion in a wide degres
% A of markets. Parameters are
T T at indicated.
e - L |

B0 papands upan LD, Wall and Alloy, can be B of lsss
LD o nom. 13 LTol 5 =010 ATol & 010

Flaring & Flanging
Flaring — as the name connotes. s a
T:ﬁT flaring or anguldr sxpansion usually of

a6 e bath LCLand 00, one purpose being
to provide a lead-in to the 1.0 This
azsis (0 auromace msembly andior for sesfisg. Sl
::}l flared rwubes can be supplied from twbing as small as
025" OO, They are generally forrmed with a Raring tool

J" which has a radies shape as opposed to an angular
shape, and the flare dameter & nosmally 1.3 10 1.4
times the tubing diamerer.

FD
l Differentiating from a norrmal fare which has 2 radiused contour is & set {ifare

L=
-]

which has a specific concal configuration, The purpose s for definite sealing —
the cone fitting imto a comesponding matching parc

-

max, = 1.4 x 0D
I, & £.005

and external cornars will ba rounded,

ia-

Flanging — flanged tubes are produced using forming tools which generally produce 2 90 degree flange. creating a
relativaly sccurate QD stop on a twbe which is to be inserted into the end of another tbe or part.

Flange diamaters are generaly 1.3 to 1.4 smes the be 0.0 dapending on wall thickness. There will always be ot leost
a.005* radius under the flange. Since the fange diameter |s farmed, not trimmed, flange diameter tolerance must be ot
least plus or minus 003" Depénding on alloy and 0.0 size. flanged tubes can be produced fram wall thickness of 005"
ar bets 1o 3 masdmum of about 0207,

Bulging/Beading

~ Tubular parts are frequently
T bulped 10 provide a stop for
BD another part with which it
comies in contaer The
X l llustration indicates potential
P_"‘_’I |‘“5 bulging®beading parameters.
B=2xW Tol. & =002
BD max, 8 1.4 x 0D Tol. &
A min, 2,03 Tol. & =003
P A2-195 125-8.00
Tal +.003 005
Intmrmal & axternal bulge comaers will ba rounded.

—8—

s
i
L
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Corseting

= 3
RD oD
L e ) A
L 3o
r L W
OO max. & 108
AD min, 2.7 x 0D Tol. = « 002
Amin 2 .7 x 00 Tol, = £.008

Rounded End Tubes

Imternal @nd axternal comers will be rounded.

L max, =1.00

Corsets, as in bulging, provide a
stop, internal in this case, again
whers one part is n mtimace
oontact with another, The
illustration indicares corseting
paramesars.

Taol. & =.008

DD max. & 20, min. 28

- —
o D
b= )
:ﬂ CD min. 2 .5 x DD
llep ol 2 2003
EETATT e o

Tubes can be supplied with one
or bath ends raunded or
tapered 1o close the and down
o approsdmately 50% of the
00 although the preference
15 1o have full spherical radius,
smaller radll can be supplied
depending on the wall thickness of tha wbe The inside surface Is
free formed, nat supperted, on production equipment, so a limited
eantrol cver LD, cormer radil exists, This style part can be supplied
from tubing 030" O 0 and up.

Flatten,

Flatten & Pierce

i

Cenlered Citsed

Tubutar parts can be supplied
with ane and flartened and
pierced. Pierced hioles can
be round or elongated, Al
fattening is done without
restriction of material o that flat width and thickness are relative

to the tbing sire selected. The ends of flat tubes are noc cypically
trimmed. Tha flamened sacton can ba offter ar an the corter line of
thie ruba. Mustraton indicates the various alternatives for flamensd
ends, but keep in mind that tubes may alse be Mastened 2t locations
other than the end,

Dimpling

Slight Busige

—A——B—

Tok F =008

R

When creating a dimplo
in & tube, it s Imporanc
to note that a slight bulge
on the 0.0 will resule.
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Bending & Coiling
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In general, 2 wbe cin be
bent satisfactarily around
a radius 1.5 dmies the

O of the mbe without
x. \I £ ik ,.-“_ incermal suppore. Far
Yoo T b e
f’[‘\ | mandrel s ued to avoid
3 kinking and collapse. This raises costs, but makes it possible to
_L_ bend tubing around a radius 35 small as the QD of the whing,
Simple Bending Campound bending should be avoided whenever possibla. Ends
Amin, 2500 for <10% closure of tubes can be coined to permit unrestricted assembly of mating
L componenes o avre e confguraion
A Tol. = =010
B Tol 2 2,010
o« Tol 5 +1°
Bmdlnﬂ I; %
Min. Wall - 003

Min. Bend Radis = 2 x Tube 00,

Min. Bond Radiue = 2 & Tuba 0.0

= -5

B>

Tol. & w001

Cmax. Z2D-4xW
G min. & 2 x W {006 min
B Tol, & «.005

Slat Burr - free to 007 mao

Slotting ts used for 3 wido
variety of applications, and

the operaticn & not Emited to
a single slor A5 an example, 1o
affix wires in a tube, the whe Is
siotted and the wires ane
crimped in place.

Awailable in multipte slot configurations with or wilhout erimping.

Punching

i 5
1] _] =
& T
T e ———— -
w " B
Amin. 22 x W Tol. & £.003
B min, = 2 x W 00 rming Tol. 2 £.007
Cmac. 2D -4xW
C min. £ 2 x W 2010 min.} Tol, B =.00H

Round, square oF elongated
hales can be punched in 2
tube. Shapes and locations
around tube can be varied

a3 specified.

Hole Bisrr — Burr frea 1o 001 max. Bound, elongated, and multiple hole configurations are availabie.
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Notching

Singhe or multiple notching i

i
_‘_l"""T_B_' frequently required. Tubes can
H 1 | T be notched at the end
A T e I 0D of the it ar 2 dase to the
L | end as needed by creating
— a notch and then shear cuming
the tube 3o that the nowch s
H =
et Masm Gl
Amin, 22 x W Tol, = 2,003
B min. = 2 x W (010 min) Tal. & =002

Avmilabia with multiple notches and nolch of end of plece

Lancing

Tubes-are lanced for varous

I-— & —-|-— B _—i reasons induding the creatan

R of an intermal stop, A single @b
EE T | or multiple @hs can be located
_I:Ih_ ! 10 00 on A whe a5 requaed

] i
Taks Width maz. 8 |10 -4 x W Tol. £ =007
Tab Width min. = 2 x W (010 min.)
Amin@22xW Tal. = =000
H Tol, = &.003

Avmilable with mulliple tabs.

Multiple
- -

Fabrication s s

Operations ol Sy b

combirations can be provided.
IMustration shows a part that

wis bulged, flamtened, tapered,
corseted, and end-coined.
i | ! == HRound Shown also are the geametries of a bulged, moered,
=== Buige and closed part
4] LY
o W
|| =— Fiattening l'"" o
| it B
= |T o
S—— e Grooving or Detant o "_‘;—_:r—l_ 1
| | e ! Piminjk3azD
S . = End Colring Db | r
A1 - 500 0. o (WA e s,
ABAPFCHY. B Smochcien b Budging, Tapering and Closing
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Electrical Discharge Machining (EDHM)
removes meal through the acton of
high-energy electrical discharges on the
surface of the workpiece. It is applicable
to materials which are good electrical
conductors and since there is virtually
zero force becween the tool and the
workpiece, very delicate and intricate
parts may be produced from this
method,

i

Profiles and stots can be produced

\ using either wire or elecirode
\ plunge type machines, These
processes provide a sharp, burrfree
\ edge. Very smooth surfaces can be

achieved through the use of a fine
finishing pass.

Circular and shaped holes can be
produced using EDM drilling cype
machines. This process can produce
hales as srmall as 0.006" diameter Hole
guality will be slightly lower than the
glectrode plunge, however production
rates are higher.
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ECM/ECG

Electrachernical machining (ECM) removes
rmarerial through a combination of abrasion
and electrochemical actden, An electrical
clrouit is established berween the power
supply, the cut-off-wheel and the warkpiece
through an electrolyre which i3 directed at
the wheel-workpiece interface. This process
provides burr-free machining with
considerably less cutting wheel wear.

Electrochemical cut-off s a high speed
tube cut-off process for producing burr
free straight cut wbular blanks, Blank
lengths range from 0.25 inch to 44 inches.
Tube outside diameters range from 0.010
inch to 0.625 inch. Length tolerances of
/- 0.0037 and perpendicularity tolerances
of 172 degree are possible,

Blectrochemical grinding (ECG) s a
surface profile forming process. An
inverse profile is “dressed” into the
grinding wheel and as the wheel s
passed aver the tubular part the
desired profile is produced burr-free
on the part. Edge condition can be
specified as baing sharp to slighdy
radiused, Tolerances are typical of
traditional form grinding.
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Assembly Products

Tubular assemblies are found in a limitless number of
applications. Assembly techniques such as Snap, Captive,
and Interference or Shrink fits are a cost effective method
of joining. Brazing, Scldering,VWelding and Adhesive banding
are alse methods commonly used. Employing the full ranga
of fabrication possibilides can reduce bath the number of
components and the number of |ainings within the
assambly, Examples of these different assembly methods
are lustrated below and on the opposite page.

Burr assembly used in
arthroscopic surgery

Tubular assembly
for critical

lighting application

Minimally invasive surgical instrument
used for biopsy procedures

Diagnostic
aspiration
probe
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Hinge assembly for a
laptop computer

Complex assembly used
in prostate surgery

Bi-tubular
devise for

Metering probe
sinus surgery

Metering
probe
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Alloys

Salecting the proper alloy for your particular application is important in order to achieve maximum performance

and price benefits. Ywhen selecting the proper alloy many factors must be taken into consideration, induding electrical
and mechanical properties such as ultimate strength, electrical conductivity, specific weight, useful temperature

range, modulus of elasticity, and cormosion resistance.

Nickel Alloys

SRR
E“ﬂﬂt Nﬁ@l Falis

.::ﬁuﬁmﬁﬂm .

Eﬁﬁ%ﬁ“‘u&ﬁ cudls
B
50005 510150 205 A 280, 11050
:i?ﬁ“&*%ﬁ s
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Over 90 alloy options are available. Many of the most commonly
required alloys are detailed below. Consult UT for availability of

specific alloys,

A 65 15 45 BES
H/2 a5 55 15 B75
H 100 an B Bo5
A 65 15 45 BG5
H2 BS 55 16 B75
H 100 0 ] BAs
A 65 15 45 B&S
H2 85 55 15 B75
H 100 1] B B25

Fis] 40 40 B0
Hr2 85 ES i BAs5
H 1L0 100 G Qg
A 75 40 a0 B
Hf2 85 B5 20 Be5
H 120 100 & c2
A B0 50 a5 BB5
Hf2 115 80 15 Bas
H 140 100 B c20
A 80 40 40 BB5
H/2 118 75 20 BOS
H 145 120 & C3o
A 100 40 40 Ba0
H/Z 120 70 20 B35
H 145 120 B C30
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PHYSICAL PROPERTIES
ALLOY CHEMICAL COMPOSITION
3a) Melting Density Thermal Electrical
R @ H"; &mﬁ“ (ehms/cir
*Fx10% mil'fe) 68°F
Nickel Alloys (cont.)
Inconel® Alloy 625 Mi 61.0; Cr 21.5; Mo 9.0; Fa 2.5; 2350-2480  0.305 T 776
Si0.25; Mn 0.25; Al 0.2; T1 0.2
S 0.008; C 0.05; Cb 3.6 a8
(TO-1600°F)
Inconet® Alioy T18 MNi 52.5 Cr19.0; Cb 5.1; Mo 3.1; Ti 0.9 2300-2440 D298 7.2 753
Al 0.5; C 0.08; Balance Fe {70-200°F)
8.5
(70-1600°F)
Incana™ Alloy X-750, Inconel “X" Ni 73.0; C 0.04; Mn 0.70; Fe 6,75; 2540-2600 0.288 FE-] ™
5 0.007; Si 0.30; Gu 0.05; Gr 15.0; (BO-600'F)
Al 0.80: T1 2.50; Cb 0.85
Michroma W Ni 80.0; Cr 20.0 2550 0,304 7.8 as0
(T0-500°F)
Hastalloy® C-22 Alloy Mi 56; Cr 22; Mo 13; Fe 3; W 3; Co 2.5; 2475-2560 0314 7.0 BBE
Mn 0.5; V 0.5; SI 0.08; © 0.01 (75-800°F)
Hasielloy® X Allay Ni47;Cr22: Fe1B; Mo %; Co 1.5, W 0.6 2300-2470 0.297 8.6 712
G 0.10; Mn 1.0; 3l 1.0; B 0.008 (T8-1200°F)
Ferrous Alloys
Type 304 Cr 18.0; Ni 10.0; Balance Fo. Allowabls 2550-2650 0286 98 433
Austenitc Stainkess Steal maximums: C 0.08; Mn 2.0; 50 1.0; (A2 2F)
P 0045, S 0.030
Type 3041 Cr 19.0; Ni 10.0; Balance Fe, Allowable 2550-2650  0.288 9.6 433
Austenitic Stainless Stesl maximums: C 0.03; M 2.0; Si1.0; {32-212F)
P 0.045; 5 0.030
Trpllﬂ:'ﬁ ] Cr 18.0; Ni 12.0; Balance Fe. 2550-2650 0.286 9.6 440
Austenitic Stainless Steel Allowabde maximums: © 0.12; (32-212F)
Mn 2.0; Si 1.0; P 0.045; S 0.030
Typa 310 Austenitic Cr 25; Ni 20; Balance Fe 2550-2650 0.285 B.5 470
Stainbess Steal Allowrable Maximums: 10-800°F)
C 0.08 Mn 2.00; 5i1.50;
P 0.045; 5 0.030
Type 316L Austenitic CriT; Ni 1% Mo 2.5; Balance Fa 2500-2650 0.284 8.0 445
Stainless Steal Allowable Maximums: C 0.08; (2-G00'F)
Mn 2.00; Si 1.00; P 0.045; 5 0.030
Type 316L Austenitic Cr17; Ni 13; Mo 2.5; Balancs Fe 2500-2550 0784 a.0 445
Stainless Steel Allowable Madmums: © 0.03; Mn 2.00; (0-B00°F)
Medical Grade M 0.1; 5i 1.00; P 0.045; S 0,030
a1 Austenitic Cr 18; MNi 10; Ti 0.40; Balance Fe 2550-2600 0.286 8.2 433
% Steal Bliowable Maximurms: C 0.08; {0-B00°F)

Mn 2.00; 5i 1.00; P 0.045; 5 0.030
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TYPICAL IEQIIHII:H. PROPERTIES*

Littirnate
Temper  Tensile Etmngﬂl Elongation Hardness mmm
m fpsinci0’) (%) CHARACTERISTICS

A 125 T0 40 BES ‘Combines strength, excolient fabrcabil ity
He2 150 110 20 Gan and i comosion resistance,
H 200 150 5 C40 LUisad for processing, combustion
systems, and marine applications,
A 140 75 a0 Bino Excaliant high temperalure strength and oxidation
H#2 160 120 15 Ca0 mesistance n the age hardaned condition. Used in
H 00 150 g G40 aircraft turbine engine parts, rocket motors, and pumps.
A 120 50 45 2= Differs high and ooidstion
Hf2 165 110 20 30 and corrosion resistance fo . Strong and
H 200 150 - 40 duictila to -423F.
A 100 &0 15 B80 Resists oxidation o 2100F. High electrical
Hr2 120 100 mn B3I resistance at elevated in heating
H 150 120 5 5 slements and cathode suppon sleoves,
A 116 50 57 BG0 Excollant resstancs to oxidizing aguedus media
Hr2 151 127 23 Cas including wat chlorine and mixtures of nitric scid or
H 192 174 8 c40 axidizing acids with chiorine ions. High msistance to
fritting, crevice commsion and stiess corosian
110 55 # B8O Exceptional combingtion of nxidation resistance,
H2 145 120 15 c31 fabricability and high-temperature strength.
H 170 150 ] Car
A a0 50 B&5 Offers good cormasion and heat resistanca,
Hi2 125 105 20 C25 Wﬁﬁummmm
H* 140 130 12 C30 and up to 1 :
A as 40 50 Bas mmmmﬂm
Hf2 125 105 20 C25 carbide precipitation must be
g 140 130 B Can Nuclear components.
A B an ] Bas Applications imvolving severs forming—fastensrs,
Hf2 120 a0 25 Bas anades, grid cups and other electrical components.
H 160 130 8 £a0
A &5 40 50 BAs Used for eamponants requiring good hesat resistance.
Hi2 125 55 25 can Resists scaling in confinuous service to 2100°F. Often
H 165 135 B a0 used in ﬂﬂl‘l‘lﬁ. protactive
tubing and and condul lines.
A a5 40 50 BES mmmmmmmm
HZ 120 a5 25 Cas ﬂm’ and otivar instrurmeants
H* 135 120 B cao mﬂhm
A 85 40 50 BAS High strangth and excellent comosion
HiZ 120 ] 25 Cas Closiely chemisiry for medical applications
H 135 120 ! a0 including bocdy impéants.
85 40 50 Bas Stabilized with ttanium. Used in weldments for
HiZ 125 a5 20 s comogive senvice n the 800° 1o 1650°F range.
H*™ 140180 125160 12 C30
"Tha ol o eiEd Ao ] ‘el @l drm i D osidd an nlomational gusiebnae Speciic rEQUEEmSm M ba irdkcaied H oSy
* Tomper valug & a function of CUR, will, snd the Type of Libe deswng process: speoriiad
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Ferrous Alloys (cont.)
m-h‘ dn;l
mmhu

m Coas
Mn1.00; ﬁﬂ.ﬁ:!’ mi&m

ﬁﬂumnmnﬁu:mﬁ
- Mn 1.50; 51 1.00; P 0.04; S

_.nriﬁ_r?ﬂmmum..

C 0.20; Mn 0.45; Balance Fe

G .07; Mn 1.00; Si 1.00; Cr 15.0-17.
gﬁfﬁsﬁmm*

'C.00; Min 1,00; 51 1.00; Cr 15.0-17.
NaLHOATO &

Reactive/Refractory Metals & Alloys

Ti98.6-993

A 85675 V3845 Fo <25

A25-35V20-30; Fe <31

Ta
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A BS 40 50 Bas
H2 125 88 20 c2s
H*  150-185 130-i70 12 Can
ik 75 40 0 Bas
H2 90 2 BI5
H™ 110135 1001125 7 c20
HT 150 10 C43
A 75 80 30 B85
W2 106 80 15 B9S
H® 125145 95-130 5 c2s
A 140 80 30 Bo5
Ha 160 110 15 can
H 200 180 5 c4n
A 56 40 6 BES
W2 &8 58 15 B78
H 90 75 5 Bo0
A 150 125 20 C36
W2 180 150 7 ca2
H 710 185 14 C46
HT 240 225 3 cs2
A 150 125 20 C36
W2 175 150 17 c42
H 200 175 14 C46
HT 230 225 ) c52
A 40 5 a0 55 (VHN)
H 80 70 5 120 (VHN)
A 8 40 30 65 (VHN)
H 90 B0 5 140 (VHN)
A 70 40 28 B&0
W2 85 65 16 B8O
H 105 B5 B B0
A 115 85 15 caz
HZ 125 o5 10 Ca2
H 135 110 3 cs0
A 115 8 15 cz7
H2 120 a5 10 c37
H 135 110 3 Ci5
A 80 50 40 80

A e N w G
A 85 40 25 BA0
W2 75 B0 15 BAS
H 80 80 5 B62

* The mechanal procerties: isied am averaged sakees and ore i be e &
" Temper volue i o Smciion of S0, ulnﬂﬁwdhnmpmm
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Reactive/Refractory Metals & Alloys (cont)

Sn 1.5; Fe 0.13; Cr 0.1
by bbbl

Precious Metals

Ay
Ag

Ag 80: Cu 1D

Pt

Pd

Shape Memory/Superelastic Alloys
: Mi 55,8, Ti44.2

Controlled Expansion and Glass Sealing Alloys
Ni 51.0; Fe 48.0

NI 28, Ca 17, Mn 0., Balance Fe.

1.0
il

Cobalt High empé
51; } F
E%. i&_mﬁmmm

oot

Ni 35,0; Co 35.0; Cr 20.0; Mo 10.0
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TYPICAL MECHANICAL PROPERTIES*

Uttimate  Yield APPLICATIONS
Temper Tensde Strength Elongation  Hardness AND CHARACTERISTICS
Strength  [psixi0’) (2]
{psix0?)
B ] 50 25 BES Wuclear Reactors.
Hf2 85 75 15 BRO
H 105 95 5 gas
ﬁ ;3 5 '!‘5 Chemical equipment, spacecraft and jewedry.
A &2 B 40 Electrical components
H 54 a4 ]
A 40 20 40 Higghar strength batter
H 65 56 E than mmm MObioR pepaiin
A 18 - % A00HN) Eiectrical contacts, catalysts.
H as ] BEVHN]
A & k] 41 (VHN) Electrical contacts, catalysis.
H 54 3 105 (VHM)

SE 187 65 10 Superslastic ally.
A 80 35 40 B7A Glass-to-melal seals. See Data Sheet 1084,
Hi2 a5 55 20 B850
H 115 & 5 G20
A 70 50 30 Glass-to-motal soals. See Shast
o a5 20 10 Data 1064,
H 115 20 5
A B0 35 E:| BED Gless-io-metal seals. See Data Sheat 1064,
H? 100 55 20 B90
H 130 a5 i 25
A B0 50 35 B0 Compaosite tubing for thermostatic controls.
Hi2 a0 b 15 B3O Sometimes used for glass-to-metal sealing.
H 110 1] ] Cas
A % 40 40 B75 Pressure-sansitive devices.
HZ 120 115 20 Ba5
H 130 125 f s

|

144 B5 5 24 temperature strengih with good resistance o
HZ 175 145 23 G40

£33 o ¥ e m\g envimnments up o 1800°F,
A 120 40 35 BO0 High temperature comusion resistance with excellant fatigue
Hrz 160 120 13 £a5 ¥ .

210 170 5 Can fife. Bio-compatible for use as surgical implements.

140 BS 50 Ba0 Provides excellent combination of high strength, ductility
He2 165 130 25 €25 -and cofmoslon ressstance, and the alioy is resistant fo most
H 200 180 & 45 mineral acids and eea water,

The machanical popore isded aw mwmged vaiues and arm o e used as sromational gudebnes. Specfic ummants must B indicated § racrmamy,

Accellent Inc | 100 Fordham Road | Wilmington, MA 01887 | 866-899-1392 | www.accellent.com



accellernt
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