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Stainless Steel

Introduction

Stainless steel is a ferrous alloy containing a minimum 10% Chromium (4% in the US). The
steel exhibits a combination of corrosion resistance, strength at high temperatures, and
ductility at very low temperatures that cannot be matched by any material of similar cost.
It has been crucial in the growth of the food processing, chemical, and energy supply
industries. Since its initial development, the basic stainless steel has evolved into several
groups of alloys including Ferritic, Martensitic, and Austenitic steels. Applications include
human body implants, domestic cutlery, decorative trim, catering equipment, goods
vehicle bodies, and car exhausts. It is often more expensive than plain carbon steel.
Stainless steels can be soldered (using a phosphoric acid flux), brazed and welded. Stainless
steels are relatively poor conductors of heat and electricity. Machinability is good, but slow
cutting speeds are required, and rapid work hardening can cause problems. The material is
commonly used in sheet form, with its corrosion-resistant surface visible, being supplied
ready-polished, wire brushed, or textured by rolling or grit blasting.

e Since it is often left unpainted, features giving rise to unsightly spot-weld marks or
sealant residues should be kept away from presentation surfaces.

e Stainless steel forms a tenacious hard oxide film, which provides good adhesion for
paint and adhesive. If stainless steel is to be painted, etch primers should be avoided —
they make adhesion worse.

Classification

AlSI and UNS grade designations are used in the US. AlSI groupings for stainless
steels are as follows:

eRoup | MEANING

2 Low nickel Austenitic grades

Jxx Basic Austenitic grades

4 Basic Femritic and Martensitic grades

Gy Special treatment grades. “Superalloys’.

L Low carbon (=0.03%), provides extra commosion resistance after welding
xxxH High carbon (0.04% - 10%), for strength at very high temperatures

The relationship between UNS designations and AlSI designations is generally
straightforward. For example, AlSI grade 316 is equivalent to UNS $S31600. The UNS
designation may have adjustments to the last 2 digits to indicate minor variants.

In UK/Europe, the preferred stainless steel designations are those given in BS EN 10088
(1995). In addition, heat-resisting grades are described in BS EN 10095. In the UK, the move
from British to European standards means that the old BS 970 (1970), BS 1449, and BS
1554 designations (for example BS 970 grade 430517, the British equivalent of AlSI grade
430) are becoming obsolete in favor of European designations (for example 1.4016). This
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means that the translation of designations from UK to US grades will no longer be
intuitive, and equivalents must be individually identified. Obsolescent BS 970 (1970
onwards) grades are included in the table of stainless steel equivalents, since they are still
used by metal suppliers in the UK and elsewhere.

CAUTION:
An older version of BS 970, published in 1955, gives UK steel designations according to
their ‘En number’, which is usually 2 or 3 digits in length, for example 1A, 16, 19A, etc. ‘En’
numbers (emergency numbers) have absolutely nothing to do with European EN
designations. European EN designations (BS EN when published in the UK) take the form of
5 digits separated by a dot, for example 1.4016. There is a risk of confusion since the
obsolete BS 970 (1955) ‘En’ numbers are frequently published alongside their BS 970 (1970
onwards) equivalents.

Austenitic (200/300 series)

This group contains the most commonly used stainless steels, based on 18%Cr and 8%Ni
(the origin of the phrase ‘18-8 stainless steel’), typified by grade 304. They are generally
non-magnetic, cannot be hardened by heat treatment, but tend to harden by cold working,
after which they appear slightly magnetic. Properties hold up over a wide temperature
range, and weldability is excellent. They are the most corrosion resistant of the stainless
steels and are used for car exhaust parts, hospital equipment, marine pipes and fittings,
components in the food, chemical, gas and oil industries, washing machine drums and
domestic

appliances.

Ferritic (400 series)

This group of alloys, generally containing only chromium, with the balance mostly Fe, are
based upon the type 430 composition of 17% Cr, with a little added molybdenum for
improved corrosion resistance. These alloys are slightly less ductile than the austenitic
types and again are not generally hardenable by heat treatment, but they can be cold
worked and can be annealed. They are magnetic and were developed to resist stress
corrosion cracking. Machinability is good and the grades are weldable, although welding
brings an increased risk of embrittlement. Corrosion resistance is between that of
Austenitic and Martensitic grades. Generally the least expensive grades, they are used for
decorative trim on domestic products and vehicles, for car exhausts, catering equipment
and pressed metal sinks.

Martensitic (400 series)

The members of this family of stainless steels may be hardened and tempered just like
alloy steels. Their basic building block is type 410 which consists of 12% Cr and 0.12% C.
They are magnetic and can be hardened and tempered by heat treatment to give tensile
strengths in the range 550-1000 N/mm?2, being used where there is a need for specific
hardness and strength combined with wear resistance. Corrosion resistance is good in
water, steam and weak acids, but relatively poor in more corrosive environments. They can
be formed and welded, but not as readily as the austenitics. Typical applications include
cutlery, valves, spindles and shafts, surgical instruments, and fasteners.

Superalloys (600 series)
The Ferrous superalloys (as distinct from Cobalt or Nickel superalloys) were developed for

very high temperature applications, retaining strength, creep resistance, corrosion
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resistance and wear resistance. Martensitic superalloys are useful up to about 550°C.
For higher temperatures, Austenitic superalloys are preferred. Used in high temperature
aircraft bearings (rotary and sliding). The alloys can be hot or cold worked, but welding
requires care.

Precipitation-Hardening
These alloys generally contain Cr and less than 8% Ni, with other elements in small
amounts. As the name implies, they can be hardened by heat treatment.

Duplex

This is a stainless steel alloy with two distinct microstructure phases — ferrite and
austenite. The Duplex alloys have greater resistance to chloride stress corrosion cracking
and higher strength than the other austenitic or ferritic grades.

Cast

The cast stainless steels, in general, are similar to the equivalent wrought alloys. Most of
the cast alloys are direct derivatives of one of the wrought grades. For example C-8 is the
cast equivalent of wrought type 304. The C preceding a designation means that the alloy is
primarily used for resistance to liquid corrosion. An H designation indicates high
temperature applications.
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Selected Wrought Stainless Steels

} . JuE)SIsal pIaY .
aje|d Buippe|) 'seale paplam Ul SJUB)SIS3) UOISOLIDD BIXT A -BUIpjam J31E 33UBISISa] UOISOLI0 1BYBIY NG /L€ SY BEVYL | TLISLLE LLe
“SjuaWuoNAUS aAlsouod Ajybiy u asn Jo4 s aJue]sisal uoisolod 1aybiy Ing JgLE sY 91S/LE JAR

SEvy L cLSoLle
"s|assan aunssald ‘sanea ‘sabue)) ‘sped papjam Jo) pIpUSWILIoISY Al 3| olo4d Auigeplam Japsq Ing 9LE SY | vOVY L LLSO1E JaLe

L0EV'L

‘wiy auuely dinba aydesbojoyd ‘jeannaosewseyd ‘sapey Al Al olom “@ouelsisal BS "D.0/8 01 dnaduelsisal | 9Eyy L | €ESILE gLe

‘syue) abelols s|w Jaded yoene jedwayd woly Bunnd sjuanaad ‘Buissadold [eawayD uoisouod Jouadns “sdway ybiy 1e yibusns dsaso ybiH | LOFPF L | LESIOLE
uawdinba Buiniw ‘sped Jofsauod ‘sped adewny ‘ssuibua 18l ‘1sneyxa Yeioy 3J Buipiam mDﬂhﬂwh_ww;cm“wh__w.___o.__www__mwﬁwww%m_“_ﬂwunmw%mtmﬁ“ S¥evT L W.MMN __”M 0LE

i . . . . ‘2IuUe)sIsal - | ¥ES60E
sjpssan ainssald ‘sialeay ‘siafup ‘saleuind ‘sued papjam Jo4 Al 3194 uoISoLI07) “Bunpiom dwa] yBIL “KNIGEP|EM BB Ceay L 915606 60¢
“sj@ssan ainssaid ‘syoq g siNN “swaucdwod Jucnaa|3 Buluuids pue Buimelp daag 9 “22UBJSIS3] UOISDLI0D PooD) 2lang | £0ev L MWWMNN S0e
"s1a|loq ‘sjgssan ainssald ‘sagm ‘syed papjam Jo4 o| 3| Al9H4| Bumelp dasp loj pooo “Aigepam 1o} uogied moj X3 | 90ey L | LLSPOE Iv0E
Bummelp pue Buuuids “sBun Alelues ‘sj@ssan ainssald “siealwsayd pue Buissasoid ol al aloms "8-8lL219EPRM. Z0E ueyl Aljigeplam Janeg LoEV L LESHOE oo

pooy ‘dinba 2wabohld ‘sipuieq 132q ‘slaualse) ‘sipueq uad ‘sanolg pasn Ajuowwon 3119N(Q "22ueisisal auaydsowy 2peld amulsny Jiseg GLSE0E

. P— . ‘s1ed . It "0:048 -
LWL 'SHed SABA SIBUSJSE} SHEG MAIDS P3SN AUOWLIOD 4 A 0} dn a2ue)sisal ucisolo?) ~,g-gl Buiuyosew as14 S0E¥ L | LESE0E £0e
-apelb oiseq V85U PI0 = 5ZST0E
pauajaid ayl mou st yoiym ‘0g Aq papasiadns Buieg asodind |essuag Juadsajesqo 9 Al 994 ‘12315 ssa|uIRlS 8-g |, [eulbuo ay | 5¢scoE 4u>
syuis ‘A1apnd ‘a1emyood ‘sbuudsg “suwue sadipy) 'sdea gni “sped Jaysemysiq 9| 9| 4 “Buppom pioo Ag yibuans aisus) YBIH | 0LEVL | LTSLOE Lot
Jeme 'sasng ‘Bujpuey ol o (aBepoys 242IN | 596E8°L 915202 c0e
poo} ‘siaualse) ‘wi Jed ‘s19junod ‘saoueldde Jnsawop ‘syuls ‘Auapna ‘suemyoon) Buunp paonpoud) ZoE/LOE 01 SPANBWSYE [2321U MO | ZLEE L Loz
((S3ONVHY 1-28001 NI S9 NO d3sva) $3AVHD JILINILSNY
O |(=s| 7| =
mo o =

o3| E| 2|6 (n3) | (4n)
@3 9| = I g600L |vegisa| (SN
SNOILYDIMddY (92 |2 | = | = S31Ld3d0odd NLSY
W A - 2800} | 6¥viSE 1SIY

o2 ® N3 | 0,658

Andrew Taylor, BSc MA FRSA — Design-Bites

Author



DESIGN I1ST

S600L N3 59 01 53AVYD ONILSISTY LV3IH = _H_

‘(shojle [2¥21u pue sja21s Bunsisal-ieay) 56001 N3 S8 pue
(s|@21s ssa|uels) geo0lL N3 sg 01 Buipiodoe pajeubisap-al uaaq aney /6 Sg W sapelb Gunsisal jeay pue ssa|UIR)S salas NJ Sg 2y} 0} pauasuel Ajjenpelb buiaq ae sapelb (L§6L) 0/6 S 1BYL 310N

Jood = 4 ‘1ey = 4 ‘poob = g ‘poob Auan = p quajEIxa = 3

SCL¥L 20t
‘sjuawninsu] “sped anep, sbuueaq eg Auepnd ‘Bujew-apuy | o/4| 4 ‘20ueisisal Jeam pue ssaupiey ybig | ZLIE L a0ty
bt}
‘sped auiginy ‘saajen ‘sped dwng -sjuawnnsul [e216ins pue e Japleyng Qv sv mv.wwﬂ_h MMMMMH oy
. . 6 "|92]s ssajuIB)s vOlL¥'L | 6259l
SSIxe 'S1ESh SIaUS)Se} MaDg d 4 A Buiuiyoew aau) 1s1y ay ] anaubepy Buiuyoew Ase3 mmoﬁ._‘ LESOLY oy
So0F'L | LESYOly
"saAjeA ‘sialawoldiw ‘Auspnd ‘siayoelq ‘sbuuds ‘sabneb ‘siaualseq “asodind uag 4 9| 9 4 Jjaubeypy among ysiulg poosy | 000 L | LZSOLY SOLYy
“Buiwioy pjo3 o Buipjam 1oy 3jgeuns Ajlensn joN W95 U3 PIo = LZSO0L¥ 900%'L | 1ZS0LE oL
‘sabue|] pue s)j0q ‘sadid "siauaised Juepodw si yibuans ataym pasn ‘asodind |elauagy Bd4IN 065 WbBuans a)isua | apelb amsuapely aiseq
(SIONVY 1-88001 NI SE NO A3Svd) S3AYHO AINIAYYH NOILYLIdIOINd Pue DI LISNILEVIN
"SI2US)SE] PUE LWL SAI0WOoIN uoIsow03 Ju3ydsoune - | BrSTEY
15} pUE WL SARowOnY | A 01 32ueysIsay “anaube -amang ysiuy poos | EHV R spey vey
‘Bupuey pooj ‘siaualse] ‘dinba Asulal wnajonad (2pelb pgu3 plo aUY SeM G| SOER 2ANB21 3502 3y ) .
‘spsuan Buiyood ‘sued suydsew Bulpuaa ‘wiy ed ‘saoueldde ansawo “asodind |Blauag) 93 41 A “anaubep anang "ysiuy pooc) apelb a4 Jseg 9k0¥L | Lisoer Oer
"SISNeYXa Jed 104 "Jualuod 17 1samo “desyd anaube among ysiuy peosy | ZLGE L | 61560 60%
‘sjuauodwoa pabio) doip ‘siabueyoxa eay ansubep mong ysiuy poosy | ZooF L | LSS0 SOF
‘syuauodwod Yesoe ‘sdwnd ‘(weals ainssaid ybiy Ajeinadsa) sjusuodwod auigin | ajaubeyy among ysiug poogy | 000 L | Z1LSEDF 0] d
(($39NVYY 1-88001 N3 $8 NO @3svg) S3AVHD JILI¥yE3d
. - ‘Sisnew yeiae saubud 12] ‘siabueyaxa Al 3 “Ayjigepam juajjoxa ‘Gunpom dway yblH | 0557 L | LESLPE L¥e
B3y 's)sneyxa 22euInd "0.0101 01 D.5ZF Wwolj sdwa) 1e pasn pue papem 29 0} sued Jo4
_ . Siue) ainssaid ‘sfem auy Jsneta 9 A “Agepem ‘Buppom dwsy ybiH | LSEL | LESLZE LTE
yelsoae ‘saubua 19 "0.,0101 01 D.GZF Woly sdwa) 1 pasn pue papjam aq o} sued Jo4
DO | s| 3| =
mo O
23228 ra)| o) oo
232 S| 2 $6004 | ¥SSISS
SNOILYINddY | . 5 (2| Z2 | Z S31L43d0dd 82001 | 6¥LSa NLSY
Z519| ?| 2 ISIY
% = @ N3 | 0.6S9

Andrew Taylor, BSc MA FRSA — Design-Bites

Author



Stainless Steel Finishes

SHEET FINISH | DESCRIPTION

HRAP Orange peel finish, grey.

2D Dull, no reflectivity.

2B Smooth cold rolled, some reflectivity.
#1 BA Bright and silvery, not fully reflective
#2 BA Bright and silvery. Mirror in 430 grade.
SHEET FINISH | DESCRIPTION

RIP, RSK Rolled-in finish, satin-like, short scratches
#3 120 grit satin finish

#4 180 grit satin finish

#6 Tampico brush finish

H#7 Semi-mirror, fine grain.

#8 Mirror finish.

Stainless Steel Bend Radii (Cold Bending) - Annealed (Soft) Condition

GRADE

FREE BEND |V BLOCK BEND
(O<t<6mm) | (0<t<6mm)
180° bend |135° bend

301

302

304

305

309

310

316

321

347

R=1%:t R=12t

405

410

430

442

446
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Stainless Steel Bend Radii (Cold Bending) - Temper Rolled Condition

Heat treatable stainless can be tempered to % % % or full hard. The table below shows the
relationship between minimum recommended bend radius and degree of hardness for 3
selected grades of stainless steel, for thin and thick sheets. Two sets of figures are
provided, one for ‘free bend,’” the other for bends using a V-block. For all other grades
consult the supplier.

FrEsilE Ll V BLOCK BEND
180° bend fort < 1.5mm 1350 for 0 < t < 5mm
90°bend for 1.5 <t < 5mm
GRADE TH'CI’?;'ESS 4 HARD | %2 HARD | % HARD | FULL HARD | % HARD | %z HARD | % HARD | FULL HARD
o1 | te18mm | R=%t| R=t |R=1%t] R=2 R=t | R=2t | R=3t R=3t
165<t<bmm| R=t | R=t R=1%t| R=2t
=1 =
oy | to15mm | R=%t R=2t
15<t<5mm| R=t R = 2t
= = =N,
aie |_t18mm | R=t R= 2%t
165<t<6mm| R=t R = at

Selected Casting Grades of Stainless Steel

BS 970
ASTM (US) BS 3100 | Properties
(UK)
ASTM-A297
HF 302C35
ASTM-A297
HK 310C40 | Austenitic. Heat resisting. Excellent ductility. Can be hardened by cold working.

Good resistance to corrosion, good weldability and low temperature toughness.
ASTM-A297 330C11 Tensile strength 510 MPa.

HT

ASTM-A297 | 331C40

HU 331C60

ASTM-A297 452C11 Ferritic. Better corrosion resistance than martensitic steels. Heat Resisting.

HC | Good ductility. Hardenable by heat treatment. Tensile strength 540 MPa.
ASTM-AT743 | 410C21 . ) ) ) i .
CA-15 410C29 Martensitic. Corrosion Resistant. Not usually suitable for welding or cold forming.

Moderate machinability. Resistant to tempering at high temperatures. Turbine blades.

ASTM-A743 Tensile strength 590-900 MPa.
CA-6NM 425cT

Note that BS 3100 (steel castings) is to be withdrawn, to be replaced by BS EN 10293.
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LINKS and RESOURCES

(W) International Stainless Steel Forum (ISSF): www.worldstainless.org

(W) International Iron & Steel Institute: www.worldsteel.org

(Eur) Euro-Inox (The European Stainless Steel Development Association): www.euro-inox.org For
other stainless-related organizations in Europe, follow Home > Other Organizations.

(UK) British Stainless Steel Association: www.bssa.org.uk

(UK) The Stainless Centre: www.stainless-centre.co.uk

(UK) UK Steel Association: www.uksteel.org.uk

(UK) Corus Group (Head Office): www.corusgroup.com/home/index.cfm

(UK) Avesta Polarit (Stainless Products): www.avestapolarit..com

(US) Stainless Steel Fabrication, Allegheny Ludlum Steel Corporation, 1959.

(US) SSINA, Stainless Steel Information Center: www.ssina.com

(US) Stainless Steel World: www.stainless-steel-world.net

For General Design Tips and Resources, Vvisit:

http://www.designlst.com/Design-Resource-Library/design-resource-center.html
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