FABRICATION & ALLOY SELECTION

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

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

Minature twhing, which can be provided as eithor seamdess or welded and drawn, is
produced by cold drawing in onder to obiaind

Semooth, bright. surfaces

Precise dimensional acturacy

Thiry wlls

A vanaty of mechanical properties
and confipurations

Seamless tubing 18 produced from pierced, extruded or drilled bar
or biller which is formed ifto 3 whe hollow. The twbe holiow is then
‘progressively drawn down to finish size. Welded and drawn tubing begin a5
eold refied steip which i produced |n loig coils, shaped inte tbular form, and
walded. No filler materials or flux are ased in the welding operation and therefore
ﬂnwﬂdb&adsdﬂmmemﬂﬁﬁ:ﬁﬂmmmmﬂ;ﬂ. The thibe & then
pregressively drawn down to finish size. Due to cold working and
Intermediate annealing, the weld zone recrystallizes and becomes
homogenaus with the parent metal, and becomes equnalent to the
parent metal in ductlity, appearance and mechanical propéerves.
Potential benefits of welded and drawn tubsng are uniform vall
thickness and reduced cost.
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Cold drawing consists of pulling or drawing ths tubing
through = die which is smaller in diameter than the
outside of the tube.

While it passes through the die; it ls usully supperted on the inner
surface, or LD, by a tool called a mandrel which controls the inside
ciametar, wall thn:hrmmdltngﬂmlﬂ'u tube. The cold deawing
process is mpmnuim-rﬂ the desired tube size i reached. Cold
drawing reduces ductificy (pfiabifity) of the alloy. To prevent this,
+ the tubing s normally anhezled between the drawing
operations; which increases the ductilicy and prevents.
brittieness. Tho frequency of anmnealing (and subsequent
leaning and straightening operations) depends on
the type of material and amount of diametor and
wall reduction desired. This reduction is
measured by thé charge in sross secxonal
area which takes ploce as the twbing
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 zre some bensfic guidelmes:

Dificuts mindture thapos

Close telerance

Elrmination of expensive machining operation:
Fewer finishing operations

Broad range of alloys

Reduction of sive and weight

Maxamize wlocorical and mechanical properoes
Reduced materials cost 5;3;',
Built-in burr-free and smoather Bnishes

Potentially ssgnificant ¢ast reduction
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Designers should recognize that tubing is available in shapes other than round.

Small diameter precision m'hixvg cmn bé rnade’square, triscgular, oval, hexagonal, rectangular,
traperoidal, or tearshaped. as well a8 more complex
shapes. Swrting with a shape other than round has,
Iy ety cases, considerably reduced the
fanufacturing costs of the ultmati assembly.

The information which follows on hbrication and
dlloys is intended at 3 gencral guide for minatune
tuhing and tubllr pars. Other secandary
operations and'or combinations thereof, closer
roderances; and finer finishes are available on
spplication, dependent an the alloy and site.

-l
T




- Fabricating Fine Tubing

The designer has a host of options when conssdering procision small diameter twbing There is
litthe in the way of fabricatian that cannat be achieved in spite of the minamurmnen involved

The fallowing pages ghwe soma Indication. of operations which can be p-crﬁ:.rmgd individually or
in vaneas combinations of minature tubmg.

Inchided in the line drawings are helpiul engineering parameters which are normally cbtainable
Parmmeters shawn can someumes be exceeded with a corregponding cost increase due to any
special operations involved

Quiside Diameters Inside Diameters Wall Thickness
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Cutiing

T T Cutting — n the first and
i a0 perhiaps the primary-technique,
i £ and froem the seandpoint of
" RCOOTACY and Fate, coming has
b' = 1 gread valus i mandscoaring
L =g -8  @-wr 18-35  methodi Depending on
00 4 1D Burr — Suer froe 1o 001 mas. cut, there are-several employabile methods which affect both quakity
Can dabuer 1o alight s, :
0D & 1D Dilortion — Nere 1 001 rax. | and cost. The table below provides 3 geners| surmmary
CUTTING
Method of Length (inches) Tolerance  Aate  Need to
Cutting: Tl‘__!f'_ﬂl;ﬂqjth . daburr
Screw Machinas & 05 1y E0SA500 Yol
Shear B-12 02 003 0020000 no
Radisl Saw B-12 2 010 SO0 1200 Vit
ECM G=12 '+ 005 SO0M8000 1.+
Bcom 6-12+ 2 040 500/ 200 s

Method of Cutting — note thar there are similenoes i end resulc but zhio nooe the difierences in race and debairming

. requirernents. Of thi: five miethods described lor cutting, only throe yheld exsentially bierr-free snd. If et of the other two
mothads are wed, an addinons] OperaTion i3 necessary. to remove the borr. which aads to the coat In the ce of very fing
tushing, whvere the LD s 250" or esa, remaving L0 burrs becomes more difficul. The eut tube, indegendaent of cutting
mucheds. serves as the basks of ol further formeng operation '

ID Radius

Rimar. & 282 '\

Colnad radius will be smeoih pnd froe
af brinma o ssrabond.

Closing

Ends of shear qut tbes can

be colngd & indicared |n

the #ustranon to parmit
unrestrcted aasembly of mating
COMPONENts, of 10 insure byrr-
free confuration. ECM
provides 2 slight inside radius,
whith iz inherent to the process.
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WALL T 19 te 20~ Depending on ABay

—

The chomure and ks shape can
be varied dependipg on i

appheation. As » general
guldeiing, hermetlc dofures
can be achleved depending on

wall thickness and alley.




b—A— Reduting andlor éxpanding
= e u geormetry that has
,—,.'ul LD applicagen In a wide degres
A | ey 1 of markety, Pirameters dr=

L B e a Indcated.

:-_:j','ll Flaring — a1 the mme connoted. & &
flaning or in;iﬁ'_'upmﬁmw.l.lﬂp'd
both LD and O.0. ene prirpose being

o provide 3 leaddn oo the TR This

nssism b sutosmatic assombly andior. for sealing. Sl
4 fared tubes can be supplied from aubing a5 sl as
025 Q.01 They are geoerally formed with 4 flaring cool

I ‘]’ whith has & radius shape a3 opposed to an angular

:mwwﬂamﬂmlnwu o 14
trmes the tubing damecer. ' ’

Differensiating friem a narmad flare which has o radiused conmour & & set flam
which has 2 specific conlcd configiration. The purpode in for definite sealing —
U the cona fitting nto 2 cormesponding matching part
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Flanging — Ranged tubes are produced using forming tool which generally produce a 90 degres Range. créating s
relatively aceurate OO sap on 3 tibe which i tor be inserted into the end of anceher tube or part

Flange darnezery are ganerdfly 1.3 to 1.4 times the tube OD: depending on wall thickness. There will shways be af feast
& D05 raclus nder the Bange. Since the flange dinmeeer s formed, not trmmed. flange diameter tolerance must be o f

least phis or minus 003", Depénding on alloy and OO size, flanged wbes can be produced from wall thickmess of 005"
of less to a ecamum of sbout 0207,

Tubiitar parts are frequencly
il bulged t provide 2 stop for
80 another part with which it

Bulging/Beading

T
Hhistration mdicates’ potentil
L—ﬁ—'{ |r-E: bulgingbexdmg parameters

H=2ZxEW Tol ¥ =002
B0 max. & 1.4 2 0D Tel B = 00F
#omin, ® 03 Tal 5§ 5003
L 42135 195600

Tal, +003 =004

g & exinrnal bulge comess will be roondail.
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Corseting

P—A—i Corsari a5 in bulging, provide a
= L stop, intermal In this case. again
1 & - T wihese orfe part o W' intmato
RD Gh cosntney with another The
L ) - - s S :L illustration ndicates corseung
it W T
00 . B 158 . 3
AD mein, 8.7 x 0D Wal, 8 = 003 . L max. 5900 Tol, & 2008
A mist & T w 0D, Tol = =005 OD/W max 3 A, men. 46

Rounded End Tubes

Tt can beequpplied with ona

" or both ends rounded or
T -":::'. i tapered to dosé the end dewn
oo El | to approximataly 30% of the
I b\ D) plthough the freferines
. ig o have fill spherical radsas;
T, M, COmincs EXOD sraler, radil can e supplied
oy k2 depending on the wal thickness of the tibs. The kside surfice &
—_—.} free formed, not supported, on producton equipment, so 3 immed
Iritarnal mndd exturmal soraors will be oundsd cantral cvar LD comer e eciies. This st part can be suppled

from wubing 0307 O, and up.

Flatien,
Flatien & Pierce

Tishsitar parys can be ssippied
i plerced. Petroed holes cn
mare) be round ar elongaed, Al
flatreninig is dore withoun
restriction of materal 30 that fisy width and thickeass are refatve

to the tubing size sefected. The endy of flaz tubes are nos typlcally
triehmied. The flamened section can be offset or o the center line of
tha tube. Nismradon mdicates the vercws altermasves for Ratened
ands: bt lorep i mind that tubes iy shio be fAaresned st locations

Flathet & Plorce Cantered Oitasd

ather than the end
- -
Dimpling
i When creanng 3 dirmple
Bll-gl'll Bulee ,l.,—+— E_'| T T In a-tube it e Irmpecrrrant
—\.\ —1L__J|_—'" | 1 note that a slight bulge
0B an the 0D will resyle
5_/ - |
Hmind. 7500 Tal, & =503
& Tol & =008
B Tol & =005




Bending & Coiling

Pl

( 4

AAN
DI:I}‘_‘ q‘.,__1

Simple Bending

Amin 52 5 D0 for<10% clostirs

fmin &2 % 0D 1o aliminats seconisy trm
A Tol & 0005 other end = 2670

& Tol 5§ 2010

B Tol B 4010

oc ol Ex*

E’f-’fﬁ.ﬁ"’“ Ez J

In pomeral, 3 tube can be
bant satizhctorily around
2 radfus 15 times the
0.0 of the tube withoot
internal support. For
tighter bends, o special
mandrel s psed to avoid
kinkag and coliapse. Thiz rahves costs, but miakes It posuibie to
bend tutiing zround & radius as small as the 0.0 of the tubing
Compound hending holdd be svoided whenever possible. Ends
of whes can bé coined to permit unresricued assembly of matirg
components, or to ensure burr-free configuration,

= ]3] ; {00
| H'_"""'P'Thﬁ i b2 L
— — Min, Wad ~ 003
o Miri. Bund Radius = 23 Tube 0.5,
-
Slotting
Slatring i ued Jor 3 wide
-L“ e yariety of applications, sod
I =aans the aperstion is ne lmited to
x c a single slot. A3 sn example, to
I = affix wires In 2 tube, the tube
B :
> w:m e " slotted and the wires mre
Al =5 K
€ . = 2 3 W {006 min} serimped in place.

Tol. ¥ =-0dn
# Tal & »005 ;

Blot Burm = free 19 007 max.

Avalable in midlipls alat rm. writh ﬁ'wl;ﬂ:wl CTETHENG,

Punching

T'_ =5
[[ ¥ l:
_L L
o
AminEIs W Tol B =000
B min. ® 2 & W LOAQ min] Tol & =001
CraeaiD-4aW. -
Comin & 2 x W |00 man Tal. 8 = 009

Hoks Burr = Borrfree to 007 mp -

Round, square or elongated
holes can be punched ina

tube. Shapes and locatons
around whe cn be varied

24 specified

Round, shongated, snd mullpss Dode confipirabonn sre byadinble



Notching

Single or multiple notching o
|"A'+_H'_+ j iﬁmﬂymﬂ?ﬁTﬂEm
0 ¥ b nouchied at the end
I iD oo af the unit or 2 clote to the
i 1_ end a3 needed by creaing

4 notch and chen dhesr cuming
the tbe 5o that the notch &

Hme = & x OO0 Tol. = w002
mmntu r burrsres.
Amin2ZxW Tol,  5.003
B b 3 3 5 W |40 i) Tol, & 1002

Availobln weth multips pewches and notch Wt end of piece.

Lancing

Tidbes-ara lanced for varnds

;,_+_.5 reasar ncluding the erestion
IF -_.4 _ of an intemal stop. A single tab
:‘—fﬁ T| ar multiple tabs esn be located

_ﬁ.. e T_m o i Tl ks redquined
i 17

Tabh wWiith mar. & D=4 3 W . Ted. & =007

Tab Wicih mir B2 @ W L010 min)

o, 27 x W Tol = o002

MTol 3 #0083

Aradnble wil redfiph bbe

Multiple

-
Fabrication e R
& combination of Bbacaton
combinaticns can ba srovided.
Isseration shows 3 part thit
wiak bulped, flarened tapered .
cocseted, and end-coined,
T - 'l-H.mnd ﬂmﬂmmhgmmﬂ;hdginmd
: I -|-au|5. and clased part
.-L- L e [
== Flalicring =T |
g IS
-:'"a-'_'_F'd'- i . :IEL
._mm.,. L TR
| L w T P bmin)ki 320
G T WodN 020 - 50010 o P14 . st
Mulblsssity of Sseantinry Dpesabons Bulging. Topering and Cloding



Eiectrical Discharpe Machining (EDM)
remeves metnl through the action of
high-energy electrical discharges on the
surface of the workpisce. It ks spphcable
1o materialy which are gooid electrica|
conductors and since there i virtully
tero force between the ool and the
workpiece, very delicats and intricag
parta may be produced fram this
mathad,

Circular and shaped holes can be
produced using EDM drilling type
rmachines. This process can produce
hales a1 wrmll as 0,006" dameme Hole
qualicy will be slightly lower than the
electrode plunge. however production

rages arp figher

Profiles and slow can be produced
using either wire or elecrude
phunge type machines. These
processes provide 2 sharp, burrfres

edge. Very smocth surfaces @n be
achieved through the e of a fing
firshing pass




ECM/ECG

Bletrrochemiécal machining (ECM) remaves
magerial through a combination of abrasion
and electrochemical agtion. An electrical
tircuit Is established batweon tha power
supply, the cut-offwheel and the workpiace
through an electrolyte which & directed at
the wheel-workpiece Interface. This process
provides burr-{ree machaning with
considerably less cuttng whes! wear

Electrochemical grinding (ECG) s a
surface profile forming process. An
imverze profile is“'dressed” o the
grincling whee| and as the wheel is
passed over the whular part the
desirnd profils 5 produced burriree
gn the part. Bdge condition can be
specified as being sharp to slightly
radiosed. Tolerances are cyplcal of
wraditional lorm grinding.

/!

Bectrochemicsl cuc-of i a high speid
Tube cut-aff process for producing bure
free straight cut webular blanks. Blank
lengeha rangs from 0025 inch to 44 inchos
Tube outside dismeters range from 0.010
inch to 0625 inch, Lergth twlerances of
+/- 0.003" snd perpendicularity tolerances
of 171 degres are possible.




Assembly Products

Tubular assemblies are found bn a imidess number of
applications. Assombdy techniques such as Snap, Caprive,
and Interference or Shrink fits are 2 cost effective method
of joinirg. Brazing, Scidering, VWelding and Adbeiive bonding
are alsa methods commonly used. Employing the full ange
of fabriaton possibifpes an reduce both the number of
components and the mimber of joinings within the
assambly. Examples of these different assernbly methods
are illustrated below and on the opposite pape,

10

Burr assembly used in
arthroscopic surgery

Tubular assembly
for critical
lighting application

Minimally imvasive surgical instrument
used for biopsy procedures




Hinge assembly for a
laptop computer

Complex assembly used
In prostate surgery

Matering probe

1



Alloys

Selectng e proper alkoy for your particular spplication i important in erder to achieve maximurm performance

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

range. modulus of elasticity, and corrosion resismance.

. PHYSICAL PROPERTIES
ALLOY CHEMICAL COMPOSITION
(e} Melting Denslty Thermal Electrical
Range  [Ibfin) Expansion Resistivity

[  @88F fnin/ (ohmsicir
Fx10% milift) 68°F

Nocked 200, "A" Nickel' Ni 99.5; C 0.06; Mn 0,25 Fe 015 IBI5-2835 - 03N 78 =7
S 0.005; 5i 0.05; Cu 0,05 ' [58-572F)
tackel 201, Low-Garbon Micked Ni B0L%; C 0.01; wmnm;rams. 1526596 032 78 50
S 0,005 8 0,05: Cu 0.0 (BH-5T2F
hacknd 205, “A Nickn M 895 O 0.08: Mn 0.20; Fe 010k So15-2635: 03N Fa: N ar
ielectronic gradal 5 0.005; 5i 0.05; Cu 0.05; T 0.02% [TO-500°F)
Mg 0.04
Monel® Aigy 400 Ni B5.0; € 0,125 Mn 0,90, ZAT0-2480 0519 87 307
i Fa 1.35; 5 QuD0es; 56 0.15; Cu 31.5 = [TE-5007F)
Monel” Afloy 404 Mi 55.0; C 0.06; Mn 0.07; Fe 0.05; 2IT0-2460 . 0321 B.5 30
S 0.005; Si 0.02; Cu 440 Al 0.02 (T0-500'F}
Maone!™ Blloy K-500."K" Monel HIBE.0; C 015 Mn 0.60: Fe 1.00 PAN2EE0 - 0306 a2 ar
S 0.005; Si 0.15; Cu 20.5 Al 280, Ti 0.50 {70-5007F)
Incone’™  Alloy 600 Ml 76.0; C 0.04; Mn 0.20; Fe 7.2 SE00-2600 .  DA04 18 620
S 0.007; 51020 Cu 0.10: Cr 158 {T0-500F)
Inconel® Afioy 801 Mi 60.5; Cr 23.0; Fo 14.0; ATE-2485 Q251 18 711
Al 1.35% Cu 0.5 Mn 0.5; {B0-200F)
S 0255 5 0.007; G005 2.3
(BO-1500°F)

'I E b P 1Y i Parpmsns] Fawisrrawt of od Aoy Frperentouial i



Ower 20 allay opgons are availzble. Many of the most commeanly
required alloys are detailed below:

TYPICAL MECHANICAL PROPERTIES*

Ukimate Yield ;
Temper Tensde Strength Blongation  Hardness APPLICATIONS
(s .

o

A 65 15 45 BES C mmmwmﬁm
H2 ] £5 15 B7S comogion and oxidition resistance; Retains
H 104 B G HE5 mtﬂﬂhﬂm&;ﬂiﬂ Pl;h'ﬁ:mparﬂmlﬂ.h
mﬁﬂmumfmm :
A &5 15 45 BES
H2 &5 85 15 B75 :
H 100 1] B Bos
A 65 15 45 BES
H2 a5 35 15 B7S
H 100 0 B BES
A 75 £0 40 BN
HA2 HS i) 20 BHS
120 100 b Ccx
A i3] 40 40 BT
M2 85 BB 20 BES
H 120 100 & cx
A 60 50 35 BES Non-magnetic temperatues below -210F Ratains
H2 115 a0 15 895 strorgith, toughness, and ductify down to 423F
H 140 100 1 iCa0
A 00 40 40 Bas Resists coicdation to 2150F. Resists stss
HfZ 115 [ 20 Ba5 corrosaon oracking., Excellent mechanical
H 145 120 3 30 properiies at subzoe or high lompeentures
A 100 40 Y Ba0 Resists coirdation and scaling to 2300F
Hi2 120 n 20 Bas Lisad for furmace parts, heat treating fichunes,
H 145 120 d Ca0 and thermoacoupla protacticn hubes

BRLEEL T E o e e g e Ly e o o poemieey Soenclc Teuserery TR b b eoritind o P temy 13



PHYSICAL PROPERTIES

ALLOY CHEMICAL COMPOSITION
(%) Malting Density Thermal EBectrical
Rangs (] Expansion Resistivity
F) @ GEF infind  [ohmalcir

Fx 109 mim)eeF

Nickel Alloys (cont)

Inconal’ Alloy 825 M B1.0; Gr 1.5 Mo 9.0 1.'5-'. 2300-2460 (n305 Fi| 178
Si 0.25; Mn 0.25 Al 0.2 Ti 0.2: [O-200°F)
5 0.008; C 0.05;Cb 36 BA
(F0-1600F)
irconat* Aoy T18 NSRS Cr1Bb Chal, Mo ;0 E300-284D (205 T2 hd
Al 0.5; C 0.08; Balence Fe (T-2007F}
85
[TO-1600°F}
inconel” Alloy X-750, Inconsl *X° Ni T3.0: C 0.04; Mn 0.70; Fe 6.75; 2540-2600 [.208 15 ™
% 0.007; 5 0.30: Cu QU0sS: Cr 150 B0-600°F)
Al 0.8 Ti 250, Ch {LBS
Hechrome i B0.0; Cr 200 2550 (304 Ta B&0
(To-500°F)
Hasledloy* C-22 Alloy Mi5E: Cr 225 Mo 13, Fe W 3 (o 25 2475-2550 0314 7.0 685
Mn 0.5; V 0.5 S 0,08: C 0.01 (75-800°F)
Hasielioy X Alloy NI4T, Cr2Z Fe 1B Mo % Co 15 W06  2300-24T0 0297 88 nz
: : C0CT0; Mim 1,05 5600, B 0,008 ra-120°7F)

Ferrous Alloys

Typa. S Cr 19.0; Ni 10.0; Balance Fe. Allowabie oa0-2650 1 L2hs B8 S5
Austenific Stnjess Steel madimurmz: G (08: Mn 2.0; S 1.0 [32-212F)

P O.045: % 0.030
Type 2DaL _ Cr 18,0, NI 10.0; Balznce Fo, Allowalide 2550-265] 0.E08 3.8 3
Pasitenitic Staniess Steel maxknums: C 0U03; Mn 20 81.0; [32-210F)

P 0.045; 5 0.030
Typa 35 Cr 18.0; NI 12.0; Balance Fa. 2550-2650 D285 9.6 440
Bustonitic Staniess Stoel Allowable maximoms: C 0,12 [32-2177

Mo 200 56 1.0: F 0.045: S 0.030
Typa 310 Austanitc Cr 25; Ni 20 Balance Fe ZEA0-2650 N.285 85 470
Stainless St Alerorabia Maximums: (- 500F)

G 0.08: Mn 2.00; 5§ 1.50;

P 0.045 S 0.030
Type 316L Austenitic Cr 17: Ni'13; Mo 2.5; Balance Fa PnO0-I5b0 LZEd 8.0 43
| Stainless Steol Adiwabls Madmums: ©0.08; [-800FH

Wi 2.00; 50 1.00; P 00455 0,030
Type Z16L Austenitc Cr 17; Ni 13; Mo 2.5; Balanco Fe 2500-2550  [L.284 20 445
Eiainless Sloel Allvrable Maximums: © 0.03; Mn 2,00 60T
Madical Gradn M O1: S00.00: P O04S: 5 0.030
Type 321 Austenttic Cr 18: Ni 10; Ti 0.40; Balance Fie D550-2600 01285 82 433
Stainless Stosl Aligwable Maxdmums: € 0.08; O-G00TF)

Mm 2.00: 5§ 1.00; P QU085 5 0030

-[4 T el T i Paghee] TraSeiih il Fu & ks rrrressem. o



TYPICAL MECHANICAL PROPERTIES"
Lifthmata Yield

Temper Tonsie Strength Hardness APPLICATIONS
Sngth i) T W AND CHARACTERISTICS
Il'!

A 125 0 40 BEs Eﬂﬂbhmm strengih, excailent tikxicabiily
H2 150 110 20 C30 and EOMOSn resstance
H 200 150 g Can Usad for chemical procassing. combistion
A 140 75 an B100 Eacallent hegh temperature sirength and oedabon
HiZ2 160 120 15 C3D resistance in the age hardened condition. Used in
H 200 150 5 Ca mmmmmmmmm
A 120 50 45 BED Dffers tngh Creag-rupture ¢ v ixickation
H/2 165 110 0 G35 myd comtHon msstance 1o 1560F Eh'mganﬂ
H 200 150 5 040 ductile to 423F Kon-magnatic:
W2 w0 ® ot gt Rl e B
100 pil Bas reg
H 150 120 5 25 slemants and catiiods support sleeves.
A 116 58 &7 850 ammmmmmusm
H2 151 127 2 31 awctuding wet chiorme and mixtures of nitne acld or
H 182 174 § Can oxidizing acsds with ciiring iona. High resistance 1o
A 110 85 a4 BRO Exceptions combanmlicn of oxidalion reststance
W2 145 120 15 G lahricakitty and hgh-tainperatie sirength
H 170 150 ;] ca7 e
A 85 40 50 885 Offers: good comosion and heat resistance.
W2 135 105 b1 Cas Mechanical properties good down o -300F
H* 140 130 12 30 and up o 1650F
farz = v = CE Mmp@m [
125 105 20 Ca5 % ! s
H* 140 130 B C30 avoided.  Nuclens componenis.
A 85 40 50 B35 Appiications mvaliing savers foming—fasianass,
H/2 120 B0 ) B anodes; grid cups and other slactrical components.
H 160 130 g8 30
A B &0 &0 Bi5 Used for componants mquining good heat resistance,
Hr2 125 a5 25 20 mﬁamtsl ﬂﬂﬂhmﬁnmmmﬁgF Qftan
H* 165 135 [} 30 m proncive
tubing and tual and conduit lings.

ﬁr& 52% g g % MWWﬁmwﬁmm

' 1 COMmEsion msEaments
H* 135 120 8 30 mnmm
2] &5 40 50 (2515 MWﬂmﬁﬂmm
HiZ 120 05 L] Cag Closely controlled chemistry for medical apphications
H 135 120 [ 30 including body implants.
[ E5 45 1] BEs Stabifired with titanium, Used m weldments for
Hr2 125 85 20 (ag icomosive sarvice In tha B00* io 1650°F ranga,
H*  140-180  125-160 12 C30
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PHYSICAL PROPERTIES
ALLOY CHEMICAL COMPOSITION
(") Melling Denslty Thermal Electrical
Rangs  [bfin"] Expansion Resistivity
['Fl & 68°F fnind  (ohms/cr
F 210 milf) 68°F

Ferrous Alloys (cont.)

Type 347 Austenitic Same as for Type 321 axcept 2550-2600 (Q.288 84 440
Slairiess Sles] na ttnniuey instead Ch & Ta {-E00°F)
at 10 timies minimorm carbon
Type 410 Martensitic Cr 12 Balance Fo 2IM0-Zre) 0278 6.5 242
Sfamless Steal Allowables Maximors: C0L15 (32120077
r 7.00; Si 0.8 P 0u0d; S 0030
Type 448 Fermic Cr &7 N added 0.10-0.25; Balance Fe PERO-OTSO . QT A 3
Slaintess Stoed Aliowable Maxirwens: G 020 [0=6007F)
Mn 1 50; 51,00 P 004 8 0,030
gm M 350 Semi-Austanitic CrifE W43 Mo 2B ND; Z560-2625 - (L282 B4 475
5 Sloel Balanca Fe [T0-200F)
Type 1020 Low-Carori-Stesl C 0.20; Mn 0.45; Batance Fe 2750-2775 0283 5.4 B
[7-4 PH G .07, Mn 1.00 85 1.00; Gr 15017 .5 2oal-2Es- 028 8.0 GO0
Mi L0-50: P 04 5 0% Cu 3.0-5.0: {2127
Wb 0,15-0.45
17-7 FH G.0% Mn 1.00; 5 1.00; Gr 150475 fool-Pres . 028 B0 600
Mi EL.0-B.0: AV 1.0 s bz
Reactive/Refractory Metals & Alloys
Colsmmbam Co a474 0.3 342 m
(70F}
Cotumbium + 1L.0% Zeconium Zr (18-1.2; Batance Cb 4350 0.31
Triamurm AS0 Ti B8.6-09.3 S030-3040  (LTE4 E8 -3
(68-1650°F)
Thamm BAJ-2V MESETEVASAE Fe <25 3000 0.6t £3 758
TREneam 2A] - 2.5Y Al 25-35 V2030 Fu<3} 300 J62 d T58
[a2-1000°)
Filge Ty Ta i) .50 35 75
TOFj
Zrconium Zr 3350 0.237 3.1 240
Falaz]
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TYPICAL MECHANICAL PROPERTIES®
Utimate  Yield

Tamper Tensde  Strongth Elongation  Hardness APPLICATIONS
w lpsixtl] () AND CHARACTERISTICS
X

A 85 40 50 B35 “Stablized with columbium. Usad for weldments in
HiZ 125 85 bt C2s g OF COros sanvices i the 800 to 1500°F range.
H*™ 180185 1370 12 a0

; Low-cost, | utauatmadm turbiness, Bowrdon
F 1 o &0 30 B&S :
W2 80 75 20 Bas ""T" e, (Ritied miles,
H™ 1104135 100-125 3 20 mdhkgh mum tummruhm
MT 180 150 10 caa mmmrlmm
A 75 &0 a0 BAs hgmmwmmﬁ
Hr2 105 B0 15 B9G siainless stasts. Roslsts cormsion well. Excellant
H™ 125145 85130 5 Cas fugﬁiﬂ-ln-rrm:llm Sae Data Sheet 1064,
A 140 60 30 B95 An pge Fiardenable oy ko ad whare
H/ez 160 110 15 G “comibiradion of high etrength énd comosion
H 0 160 5 Cdd ‘rEsistance is requited.
A =5 4G 35 BE&5
w2 (] Ef 15 B7E For structursl tutular ars:
H &l 5 5 _;I_H:I
A 160 125 20 Cis -Precpitation | IR Btoel that axdsbis
Wz 180 150 7 c42 @mahwwmﬁmmmmmn
H g [1] 185 14 Lo [ Anmiperaiung retstance.. Common apglications are
HT 240 295 ] a2 aircraft, manne and chemical processing.
A 160 125 20 Cis Precipitation hardening stainiess steol that axibite
H2 175 150 7 a2 high strength, moceliant corrosson resistance and -
H 200 175 [ C46 resstace, Faquently calfled for
HT 230 225 ] c52 in-mrcraft and medical spploatinns:

A 40 = 20 55 (VEN) Usad i ruclear meactors asd i bion-lempentine

H B0 Fi 5 120 (WHM) heat exchangers. Retaing musch of itz strenglh ot
iempsto 2000F. -

A 48 40 30 £5 [VHN) Usst for micksar reactors, missies and airrft. Has good

H &0 &0 5 140 (VHN) sirongth at high tempe and is moee casly wolded than Cb.

A i 40 28 B&0 Alrralt and processing equinment paits requiring good

Hr 85 B5 15 B8O Elmngth-to-wesght mtio orexcefent conosion eststance

H 165 H5 B Ban

A 15 85 16 a2 Mawmmﬂhummm@hmm

HZ 125 83 10 42 ratio and excelent comosion resistance.  The alioy i stabio

H 135 110 3 C50 over the temperalen range of 423°F to +1000°F, a2nd has
exgeliont fatigue properties and fractum topghness.

A 115 ] 15 car A alpha-tlta Hmtien afloy with a high sten mWﬂagu

H2 120 85 10 car ratie and excalient cormsion resistance. |

H 135 110 3 CAS £nd forg e span to fomperalnres a3 high &s 80°E

A 2] 20 40 B0 (VHN) Lisad in capacibors. chemical plant couepmant,

H 100 a0 10 155 (VHM) electronic motifiers, surgical implants, nuclesr reactors,
spacecruft, Resists all acids except nydmfiuonc.

A 65 i 25 Bag Chemical plant soudpmenl,

H2 76 i 1 15 B3

H ) 80 L BEZ
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PHYSICAL PROPERTIES
ALLOY CHEMICAL COMPOSITION
(%) Malling Density Thermal Becirical
Range  (ivin’) Expansion Resistivity
(A G68F (v (ohms/cr
*F x 109 mil'it) 68°F

Reactive/Refractory Metals & Alloys (cont)

Ziraloy 2 Sn 1.5; Fe 0.13; Cr0aD; 3300 0237 3.8 445
Ni 0.05; Balance Zr (2127

Precious Metals

Golel A 1845 550 78 132
Fine Sihver Ag 1761 0378 109 B.ES
Conin Shivier Ag B Cui 10 1420-1620° D3R - 13
Pladkrtim 2 v [ - 51 582
BIF-212F)
Fallaclem Pd M 0404 6.5 B9

Shape Memory/Superelastic Alloys

|§

Nitinol M 55.8; Ti d4,2 2300 02M 6.1 493
Conftrolled Expansion and Glass Sealing Alloys
52 Adioy i 51.0; Fa 48.0 2600 0298 5.4 281
(1050 F)

Fe Nl Co NI 28, Co 17, Mn 0.3, Balanca Fs 2608 0302 ag 4

&3 ABoy NI, Co & Cu 40.25-41.75. C 0.05 max.; 2508 0293 1§ 421
Mn 1.00 max; Si 0.10-0.40; Balance Fe {0-200°F]

36% Mickel-fron Alioy N, Go & Cu 34.50-36.50; C 0.10 max, 2600 0291 o 4a7

[ Min 050 maed. Si000-0.35: Balance Fe [B-2007F

[TH The intemanonal Nickel Go)

NiSpan-C M 42; Cr54; TI 24; Fe 485 M 065 2550-2T00 0293 4.5 &n

(TN The imtormabenal Nickel Co)  Allowable Maximums: C 0.06; Mo (.80 {-50 - +150°F)

S 004 P 004, 86100 Co 0.20
Cobalt High Temperature Alloys

L—MEN.I% Co 51; Cr 20; W 15; Ni 10; Mn 1.5 24252670 0.330 B0 540
(Haymes* 25 Alloy) C0,10; Fe 3.0: S 040 [T0-1000F)

Eipdoy™ Codl: Cr 20 Mi 15 Mo 7.0 Mn 2.0 Approe. 3800 1 0.3200 B.E Eg
C0.15: Be 0.10; Fe Bal {To-20'F

MPSN M 35.0: Go 35.0- Cr 200 Mo 10,0 24D0-2800 D304 Ay B15
(Ti-1000F)

18



TYPICAL MECHANICAL PROPERTIES"
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Temper Tensile Strength Bongation Hardness AND CHARACTERISTICS
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167 Superelastic allay,

A a0 a5 40 B75 Glassn-metal saals Ses Dats Sheet 1064
K2 o 55 m 890

H 115 B3 g 20

A 70 50 0 Glaes-in-netsl sanls. See Dita Shot 1084,
Hi2 g5 il 10 £

H 115 _&o 5

A 80 a5 35 BAd Gass-ioumetal seals. Soe Daiz Sheet 1064
HZ j0a £S5 20 Efd

H 130 a5 & Ces

A B0 50 94 RO Compusits lubing for thehmostatic controls
B B m 15 =i somotimes used for glass-to-rmetal saaling.
H 110 =0 ] 5

i B0 &0 40 B Pressum-sensithve ciavices

H2 124 115 20 B85 i

H 130 125 [} CZ5

A 4 b &3 G4 High ternperature strongth with good resittance to

H2 175 {45 25 (| o

H 290 180 H Caa cadcEsng envEonmeants up bo 1800F

ﬂﬂ :% 1'1'2% f'g ggg High lempambum corosion esstance with axceilent tatiges
Efa, Bio- ibda I

M 210 {70 5 ot B compatible for use a3 surgleal implaments.

A 140 £5 50 Bon Provides excallant combanation of high strength, ducfSty

Kz 165 130 5 25 and cormesion resstancs, and the alioy 5 messtant to most

H 200 180 5 o 1 mingal ibelcs and sen water
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