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01 PURPOSE AND SELECTION WORKFLOW

Choose the material as a complete engineering system

Carbon steel, stainless steel and aluminum are not interchangeable price alternatives. Each material changes
section size, stiffness, joining, corrosion control, appearance, inspection and the supplier route.

CORE PRINCIPLE

Release the material as grade + condition/temper + product form + governing standard + dimensions/tolerances + surface condition + certification. A
grade name alone is not a complete procurement specification.

Define function Define environment Select product form Design the process Verify

loads, stiffness, life corrosion, temperature sheet, tube, extrusion forming, weld, finish MTC, FAI, testing

Do not start with a grade name. Start with the function and the manufacturing route.

Use the dominant requirement to start the shortlist

Carbon steel sheet/tube availability, simple welding, standard Coating, corrosion allowance, maintenance and logistics

Lowest initial fabricated cost . .
coating weight

Stainless grade, finish, weld treatment, drainage and cleaning

Corrosion and hygiene Chlorides, crevices, iron contamination and galvanic couples

chemistry

L& GTERS Aluminum alloy/temper, section geometry, joining and surface Lower modulus, HAZ softening, thread bearing and galvanic
protection isolation

High visible finish Stainless mechanical finish or anodized/powder-coated aluminum Eatehiccionweldwitnessieralnldicectiondhizndlingimarisland

masking

NO UNIVERSAL WINNER

Material choice is an optimization problem. A low-cost grade can become expensive after extra gauge, coating, maintenance or warranty risk; a premium
alloy can be wasted if geometry, drainage and joining are wrong.
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02 REPRESENTATIVE PHYSICAL PROPERTIES

Use ratios for screening - use certified values for design

The values below are representative room-temperature engineering values for common fabricated products.
Exact values depend on grade, temper, thickness, orientation, cold work and test method.

Low-carbon / structural steel .85 200 117 4560 High st.lffness and. mature fabrication; usually needs
corrosion protection

3041 stainless steel 80 193 172 16 Steel-like stlffn?ss; greater expansion and much lower
heat conductivity

3161 stainless steel 8.0 193 160 15 Better .chlorl.de. resistance than 304L, but not immune
to crevice/pitting

5052-H32 aluminum sheet 268 70 238 138 Low mass and good forming/welding; design stiffness
through geometry

6061-T6 aluminum 2270 69 236 167 Strong m?chlnable/extrudable option; welded HAZ
strength is lower

Carbon steel 304 stainless 6061 aluminum

Density

Elastic modulus

Thermal conductivity

Bars are normalized within each property, not a single performance score.

Aluminum density is about 34% of steel Mass can fall sharply, but only after the section is resized for stiffness, strength, buckling and joints.

At equal geometry, elastic deflection is roughly three times higher. Section depth is usually more efficient than simply

: i 9
Aluminum modulus is about 34% of steel adding wall thickness.

Stainless modulus is close to carbon steel A same-geometry substitution often keeps elastic stiffness similar, while corrosion, forming, springback and cost change.

Aluminum CTE is about twice carbon steel Long mixed-material assemblies need slots, flexible joints, isolation and temperature-range analysis.

PROPERTY TABLES ARE NOT MATERIAL CERTIFICATES

Use the applicable product standard and supplier MTC/datasheet for the exact alloy, temper, thickness and delivery condition.
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03 STRENGTH, STIFFNESS AND STABILITY

Do not substitute by yield strength alone

Strength limits stress. Stiffness limits deflection. Buckling limits slender plates, tubes and columns. Fatigue and
joints can govern before any of them.

Equal bending stiffness example: same width, same span

t_Al/ t_Steel ~= (E_Steel / E_AI)*(1/3) ~= 1.42

Bending stiffness scales with E x t*3 for a flat strip. This screening example does not check strength, buckling, joints or local loads.

2.00 mm carbon steel 2.84 mm aluminum
Reference El = 1.00 | mass = 1.57 kg/m at 100 mm width Approx. equal EI | mass = 0.76 kg/m at 100 mm width

Low E; use deeper sections, beads, ribs,

Elastic stiffness High E; efficient at equal geometry Close to carbon steel abredidiEmes

Vield strength Wide range from commercial to HSLA Grade a.nd cold work matter; high work Highly alloy/temper dependent; HAZ can
hardening govern

Locallbuckiing Thin sheet still needs width/thickness checks Slmllar.E but residual st.ress and work Low E .rnakes thin walls more sensitive;
hardening affect behavior extrusion geometry helps

Fatigue Weld toe/detail class often governs Surface, weld and residual stress govern B endurance—hmlt. :.assumptlon; peldlatality

and stress range critical
Specify toughness where brittle fracture is Austenitic grades generally retain toughness Often ductile at low temperature, but code

Impact / low temperature Gl well and alloy still apply

GEOMETRY CREATES EFFICIENCY

A deeper hat, tube, rib or extrusion can increase second moment of area far more efficiently than adding flat-sheet thickness. Re-optimize the section
instead of copying steel geometry into aluminum.

Map the failure mode to the property

Increase section depth, close the section, add ribs or shorten the

Excess deflection or vibration Elastic modulus, section I, span and boundary conditions .

permanent bending Yield strength and section modulus l(;l;adnge grade/temper, increase section modulus or redistribute the
Wall buckling / oil canning E, width/thickness ratio, imperfections and restraint Add beads, return flanges, supports or thicker/local reinforcement

Joint pull-through / thread strip Bearing area, engaged shear area and base-material strength Use washers, bosses, inserts, nuts or thicker local material

Crack after repeated loading Stress range, detail category, weld toe and surface condition Reduce concentration, improve joint detail and validate fatigue life
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04 MASS AND SECTION EQUIVALENCE

Convert function, not thickness

A useful substitution study separates the governing mode. The thickness ratio that matches bending stiffness is
different from the area ratio that matches axial stiffness or the gauge needed for bearing and threads.

Equal flat-strip bending stiffness

Exbxt*3/12

t_Al ~= 1.42 x t_Steel; mass can be about half for same width

Equal axial stiffness

ExA

change

A_Al ~= 2.9 x A_Steel; mass advantage can nearly disappear without geometry

Equal yield load

Fyx A

Depends entirely on selected grades/tempers; no universal ratio

Equal column buckling

pi*2xXEx|/L 2

Increase section depth/I; simply increasing wall may be inefficient

Equal local bearing / thread pullout

material strength x engaged area

Increase boss/washer/engagement or add inserts; do not rely on sheet gauge alone

Worked screening example

Carbon steel, E = 200 GPa 2.00 mm 1.57 kg/m 1.00
304 stainless, E = 193 GPa 2.02 mm 1.62 kg/m ~1.00
Aluminum, E = 69 GPa 2.85mm 0.76 kg/m ~1.00

SCREENING ONLY

The example assumes a flat strip, linear elasticity and identical width/span. It does not validate yield, local denting, fastening, vibration, fatigue, fire,
tolerance or manufacturing feasibility.

Best practice: compare at least three concepts - same geometry, resized thickness, and redesigned section. The redesigned section usually

reveals the real advantage or disadvantage of a material change.

High-value section redesign moves

Wide flat plate

Hat/channel with return flanges

Moves material away from neutral axis and controls
oil canning

Tooling, corners, cleaning and finish access

Open angle frame

Closed tube or boxed section

Large increase in torsional rigidity and buckling
resistance

Weld access, trapped fluids, venting and
corrosion

Thin wall at bolt

Local boss, doubler or large washer

Raises bearing and pull-through capacity only where
needed

Load transfer, crevice and assembly stack

Long extrusion

Internal webs / multi-cell profile

Optimizes stiffness, routing and assembly in one
profile

Die cost, minimum wall, weld lines and
sourcing

Large sheet panel

Beads, ribs or bonded stiffener

Improves local stiffness with little mass increase

Appearance, forming sequence and fatigue
at terminations

Material Comparison Handbook
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05 CORROSION AND SERVICE ENVIRONMENT

Grade, detailing and finish must work together

Corrosion performance is controlled by the environment, wet time, contaminants, drainage, crevices, surface
condition, galvanic couples and maintenance - not by alloy family alone.

Dry indoor

Often economical with light coating

Usually robust; appearance may
drive grade

Good; bare or finished depending
appearance

Condensation, fingerprints, indoor
chemicals

Humid / general outdoor

Barrier coating, zinc or duplex
system

304 may work with drainage; verify
pollutants

Often good; isolate dissimilar
metals

Drain holes, edge coverage,
maintenance

Coastal / deicing salt

High-performance coating or
galvanized system

316/duplex may be needed; crevices
still risky

Pitting/galvanic risk; alloy and
coating matter

Salt retention, crevices, area ratio,
washdown

Food / hygienic washdown

Usually coated or restricted by
hygiene needs

Common choice; finish and weld
treatment critical

Possible in selected equipment;
alkaline cleaners can attack

Cleanability, roughness, chemical
concentration

Chemical process

Compatibility/coating system
required

Select by exact media, concentration
and temperature

Sensitive to strong alkali and some
salts/acids

Obtain corrosion data for actual
exposure

Immersed / crevice-prone

Coating holidays and cathodic
protection matter

Oxygen-starved crevices can defeat
passive film

Galvanic and pitting risks can
increase

Eliminate water traps; seal or drain
cavities

What is the ISO 9223 / project corrosivity or actual media? Atmospheric category or chemical exposure with temperature, concentration and wet time

Can the assembly drain and dry?

Defined orientation, drain/vent holes, no unsealed lap traps or inaccessible cavities

What happens at scratches, cut edges and welds?

Edge treatment, weld repair, passivation or local coating repair method

What metals touch while wet?

Galvanic review including fastener/component area ratio and electrical isolation

STAINLESS IS NOT "RUST-PROOF"

Chlorides, heat tint, iron contamination, crevices and poor drainage can cause pitting or staining. Aluminum is also not universally corrosion-proof,
especially in strong alkali or galvanic couples.

Material Comparison Handbook
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06 FORMING AND BENDING

Alloy, condition, direction and edge quality govern

KFR-021 | V1.0

Formability cannot be ranked by metal family alone. Product form and condition can reverse the result: annealed
aluminum can form deeply, while precipitation-hardened aluminum may crack in tight bends; annealed stainless
is ductile but work-hardens rapidly.

Springback

Minimum bend radius

Grain direction

Edge cracking

Deep drawing

Tooling / galling

Low to moderate; rises with strength

Grade, thickness and grain dependent

Important in tight bends and high-strength
sheet

Check sheared/laser edge quality and hardness

Drawing grades widely available

Conventional tooling and lubrication

Pre-production forming validation

Often higher due to strength/work hardening

Higher-strength/cold-worked grades need
larger radii

Important for severe forming and visible grain

Work-hardened edges can initiate cracks

Good ductility but high work hardening and tool
load

Galling risk; clean tooling and lubrication critical

1 Confirm grade, condition/temper, thickness tolerance and rolling direction

2 Confirm cut method, burr direction, edge deburring and feature-to-bend distances

3 Use supplier/tooling data to set inside radius, V-die/tool set and springback compensation

4 Run representative coupons or first article; inspect cracks, thinning, angle, flange length and surface
5 Freeze bend deduction/K-factor and revision-controlled flat pattern only after validation
REFERENCE KFR-015

Alloy/temper dependent; often significant in
high-strength tempers

Strongly dependent on alloy, temper and bend
direction

Critical for some tempers; bend transverse to
rolling direction where practical

Burrs, heat-affected edges and anisotropy can
dominate

Excellent in selected O/H tempers; temper
choice is fundamental

Soft surface can scratch/pick up; larger radii and
polished tools help

Use the KFR-015 Bend Radius Reference for screening rules, but obtain supplier confirmation for tight bends, thick plate, high-strength grades and

cosmetic surfaces.

Material Comparison Handbook
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07 CUTTING AND MACHINING

Productivity and edge quality change with the metal

A process that is fast on one metal can create oxide, burr, heat distortion, contamination or poor tool life on
another. Specify the functional edge condition, not only the cutting method.

Laser cutting

High productivity; oxygen cuts may leave oxide
that affects coating/welding

Nitrogen often used for clean oxide-free edges;
heat tint possible

Reflective/high-conductivity behavior; source,
thickness and alloy matter

Plasma / thermal cut

Effective for thicker plate; HAZ and dross need
control

Possible but edge metallurgy/finish may require
removal

Possible with suitable process; distortion and
oxide need review

Sawing

Predictable with correct blade and coolant

Work hardening requires feed discipline and
suitable blades

High speed possible; chip evacuation and finish
protection matter

Drilling / tapping

Broad tool/process window

Avoid rubbing; galling and work hardening risk

Built-up edge and chip packing; form
taps/inserts may help

Milling

Rigid setup and conventional carbide
strategies

Heat/work hardening and tool wear need
control

High material removal possible; avoid
recutting chips and surface dents

Contamination

Rust/scale can contaminate later finishes

Dedicated clean tools prevent embedded
carbon steel

Avoid steel particles and alkaline residues;
protect soft cosmetic surfaces

Edge specification checklist

Weld edge Oxide/dross removal, bevel geometry, root face/gap, cleanliness and maximum mismatch
Coated edge Deburr/radius expectation, edge coverage, pre-treatment and cut-edge repair if pre-coated stock is used
Visible edge Burr direction, striation limit, sanding/grain continuity and protective film requirements

Hole for fastener / bearing

Final diameter and position after coating; roundness/taper if functional; ream or machine if needed

DO NOT MIX STAINLESS AND CARBON-STEEL TOOLS

Grinding dust, wire brushes, handling tables and shared abrasives can embed iron in stainless and create later rust staining. Control segregation and
cleaning as part of the process plan.

Material Comparison Handbook
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08 WELDING AND JOINING

The easiest base metal is not always the easiest assembly

Welding changes local properties, distortion, corrosion performance and finish. Mechanical fastening, clinching,
riveting or adhesive bonding may be better where heat, disassembly or mixed materials dominate.

Heat flow

Moderate; broad process window

Low conductivity and high expansion increase
distortion

High conductivity needs energy; low melting
margin increases burn-through risk

Main weld risks

Hydrogen cracking in higher
CE/thick/restrained joints; distortion

Heat tint, sensitization risk in some grades,
distortion, contamination

Oxide film, hydrogen porosity, hot cracking,
HAZ softening

Filler selection

Match strength/toughness/code and coating
strategy

Corrosion, ferrite, service temperature and
dilution

Alloy combination, crack sensitivity, anodize
color and service requirement

Post-weld treatment

Clean, grind only if specified, coat/galvanize
repair

Remove heat tint as required; pickle/passivate
or mechanically finish

Clean oxide/soot; understand HAZ strength
and cosmetic weld witness

Alternative joining

Bolts, rivets, clinch, spot weld, adhesive

Fasteners/spot weld/laser/adhesive; manage
galling

Rivets, inserts, FSW, adhesive and isolated
fasteners can reduce thermal effects

Design code Which welding code or customer specification governs the joint?
Procedure Is a qualified WPS/PQR required for the material group, thickness and process?
Strength basis Are HAZ properties, joint efficiency, fatigue class and post-weld condition included?

Corrosion/finish

How are scale, tint, spatter, embedded iron, cavities and coating repairs controlled?

Inspection

Which welds receive VT/PT/MT/UT/RT, dimensional inspection or leak testing?

the unwelded Té data.

ALUMINUM Té6 BASE-METAL STRENGTH IS NOT THE WELD STRENGTH

Precipitation-hardened 6xxx alloys can soften in the heat-affected zone. Design and qualification must use the governing welded condition and code, not

Material Comparison Handbook
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09 FASTENERS, THREADS AND MIXED METALS

Design bearing, preload, galling and galvanic isolation

A fastener transfers load through threads, bearing surfaces, friction and joint stiffness. Base-material strength
and coating thickness often govern before bolt strength.

Large wetted component Carbon steel Stainless Aluminum

§ Carbon steel Low Medium High
8
a
£
S
= Stainless Medium Low High
£
w
NG
=
g
I Aluminum High High Low
wn
(T
[

Screening only. Actual risk depends on electrolyte, area ratio, coating damage, crevices, temperature and alloy grade.

Common where thickness and hardness are Possible; galling and thin-wall strength need Longer engagement, coarse pitch, insert or nut
Direct thread
adequate review often needed
. Coated steel, stainless or alloy fastener per Stainless fasteners common; select grade and Use isolated stainless/coated fasteners or
Fastener choice . P " .
environment anti-galling strategy aluminum-compatible systems

Washer and coating embedment can affect Large washers/bosses help prevent

Preload / bearing Galling can prevent correct torque/preload

preload embedment and pull-through
BertingellonEnes M s A s Passwat}on{flnlsh usually thin but Anodl;e/powder can reduce thread fit and
contamination matters electrical contact
. . Corrosion products can seize unprotected Use compatible lubricant/anti-seize where Prevent galvanic seizure and thread wear;
Service disassembly L . . B .
joints permitted inserts aid repeat service

AREA RATIO CAN REVERSE THE RISK

A small active fastener coupled to a large noble wet surface can corrode rapidly. A large active component with a small noble fastener may spread the
attack but still cause local pitting. Always review the actual wetted area ratio.

Material Comparison Handbook www.kingsformmetalworks.com Page 10
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10 SURFACE FINISH AND APPEARANCE
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Finish is a process specification, not a color note

Define pretreatment, coating type, thickness, color/gloss, texture, cosmetic zones, masking, contact points and
acceptance samples. The same color code can look different across substrate, batch and geometry.

. Carbon steel, aluminum; selected
Powder coating

stainless
Liquid paint Steel and mixed assemblies
E-coat Complex steel assemblies
Electro/continuous zinc Steel fasteners/sheet
Hot-dip galvanizing Fabricated carbon steel

Mechanical stainless finish | Visible stainless

Pickle/passivate /

cllegiepai Stainless corrosion/hygiene

Anodizing Aluminum visible/corrosion surfaces

Durable color/texture; broad supplier base

Flexible system and repairability

Good cavity coverage and primer
performance

Sacrificial corrosion protection

Robust sacrificial coating

No organic coating; repairable grain

Restores/optimizes passive surface

Integral hard oxide, decorative options

Edge coverage, Faraday areas, cure temperature, masking,
thread fit, batch color

Surface prep, solvent/cure, thickness, runs, adhesion and
maintenance

Drainage, trapped air, weld sealant, rack contact and topcoat
compatibility

Hydrogen risk for high-strength parts, white rust, cut edges,
coating thickness

Vent/drain design, distortion, thick coating on reactive steel,
thread allowance

Grain direction, weld blending, contamination, roughness and
sample standard

Chemistry, heat tint removal, dimensional/appearance
expectations

Alloy-dependent color, weld/extrusion lines, masking, electrical
insulation, dimensional build

FINISH CANNOT FIX BAD DETAILING

cannot solve.

Sharp edges, sealed cavities, crevices, weld spatter, contaminated stainless and trapped pretreatment fluid create failures that coating thickness alone

Material Comparison Handbook
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11 TEMPERATURE, CONDUCTIVITY AND FIRE

Check the service range and mixed-material movement

Room-temperature strength is not enough for equipment exposed to heat, cold, fire, electrical current, thermal
cycling or precision alignment.

Thermal expansion Lowest of the three common groups Higher than carbon steel iehesloneknan=kndimedio e
movement

Heat conduction Moderate Low; heat localizes around welds e oeatbpreadinsbubne dizneeds
more energy

Aot @nmEien 6 Vel High, but surface oxide/contact resistance
must be designed

High-temperature strength Grade/code dependent; coating may limit use | Selected heat-resistant grades excel Srengi el S|gn|f|.c.antly peithltemperatuey
alloy and temper critical

FeaEese el kit s Srars i et et No_nco.mbustl_ble; selected grades retain Noncombustlt.)le metal with lower melting

oxidation resistance range and rapid strength loss
Low temperature Toughness specification may be required Austenitic grades often strong choice Often retains ductility; verify grade and code

Mixed-material movement example

Aluminum rail on carbon-steel frame 2,000 mm 60K (23.6 - 11.7) x 10"-6 x 2000 x 60 ~= 1.43 mm

Design response: use one fixed point plus slotted/sliding supports, compatible isolators, joint preload that permits movement, and
cable/pipe routing that does not lock the assembly.

DO NOT USE GENERIC TEMPERATURE LIMITS

Allowable temperature depends on grade, temper, load duration, creep, code, coating, weld condition and safety factor. Obtain project-specific data for
elevated-temperature design.

Material Comparison Handbook www.kingsformmetalworks.com Page 12
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12 COST AND LIFECYCLE COMPARISON

Build the full cost stack

Metal price is volatile and region-specific. A stable comparison uses quantities, process times, scrap yield, finish
requirements, shipping density, service life and maintenance scenarios rather than a fixed price multiplier.

Compare total landed and lifecycle cost - not price per kilogram

KFR-021 | V1.0

The proportions below are illustrative. Build the actual stack from supplier quotes, scrap yield, process hours and service-life assumptions.

Material

Yield loss Fabrication

Finish

Maintenance / risl

Inspection

TCO = raw material + scrap + conversion + joining + finish + QA + logistics + maintenance + failure risk

A higher alloy price can still reduce total cost if it removes coating, weight, maintenance, corrosion claims or assembly steps.

Raw material per kg

Material per part

Fabrication

Finish

Maintenance

End-of-life / scrap

Usually lowest

High density can increase part and shipping
mass

Broad supplier base and mature tooling

Often mandatory for corrosion

Coating inspection/repair may dominate life
cycle

High recycling infrastructure

Usually highest of the three

Similar density to carbon steel

Higher tool load, segregation and finish labor

May avoid coating but finish/weld treatment
can be costly

Often lower if grade/detailing match
environment

High alloy scrap value

Higher than carbon steel; alloy/temper
premium varies

Low density; thicker/redesigned section may
offset some saving

Fast machining/extrusion potential;
joining/handling need care

May be bare, anodized or coated; appearance
grade matters

Often low but galvanic/coating damage can
create localized failures

High recycling value and low remelt energy;
sorting cleanliness matters

COMPARE QUOTED PARTS, NOT COMMODITY PRICES

Request the same drawing package and annual volumes from capable suppliers. Compare landed cost, inspection scope, packaging, lead time, tooling
ownership, repair rates and warranty assumptions.

Material Comparison Handbook
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13 APPLICATION SELECTION MATRIX
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Use the matrix to shortlist - then validate the exact grade

Ratings are qualitative for common fabricated products. A good rating means the material family offers practical
solutions, not that every grade or finish is suitable.

Low-cost equipment frame Excellent
Mobile cart / portable frame Good
Food / washdown equipment Limited

Coastal outdoor product Good with system

Visible architectural component Good when coated

Good
shielding/stiffness

Electrical / heat-dissipating
enclosure
High-load welded structure Excellent

Chemical / chloride service Coating/alloy-specific

High-volume formed sheet Excellent

Three fast decision rules

Possible

Good

Excellent

Very good with
grade/detailing

Excellent

Good corrosion, low k

Good/grade-specific

Grade-specific

Good

Possible

Excellent

Application-specific

Very good with
isolation/finish

Excellent

Excellent thermal/low
mass

Good with redesign
Media-specific

Excellent in selected
tempers

1 Choose carbon steel when low cost, high stiffness, robust welding and coating access dominate.

Steel usually wins unless mass/corrosion changes total cost

Compare stiffness redesign, impact dents, wheels and
fasteners

Stainless finish, weld treatment and cleanability usually
dominate

Salt, crevices, fastener area ratio and maintenance decide

Sample color, grain, weld witness and batch control

Grounding, oxide, EMC and fire requirements matter

Code, HAZ strength, fatigue and section availability govern

Use actual corrosion data; avoid generic family assumptions

Tooling, springback, surface and material consistency govern

2 Choose stainless when corrosion, hygiene, no-coating service or durable visible finish justifies the alloy and fabrication premium.

3 Choose aluminum when mass, extrusion geometry, thermal conductivity or easy machining offsets lower stiffness and joining complexity.

Hybrid material strategies

Carbon-steel frame + aluminum covers

Carbon-steel structure + stainless contact skin

Low-cost stiffness with lightweight removable panels

Economical load path with hygienic/corrosion-resistant

exposed surface

Aluminum frame + stainless fasteners

Stainless enclosure + conductive aluminum heat sink

HYBRID DOES NOT MEAN FREE OPTIMIZATION

Low mass with durable standard hardware

Corrosion-resistant shell with efficient heat spreading

Electrical isolation, coating compatibility, thermal movement and
fastener bearing

Seal crevices, isolate weld/fastener details and permit

cleaning/inspection

Use isolating washers/sealant where wet; manage galling and

adverse area ratio

Grounding, interface flatness, galvanic isolation and
thermal-interface material

Mixed materials add interfaces, inventory, joining steps and galvanic/thermal risks. Use them only where each material performs a distinct function.
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14 MATERIAL SUBSTITUTION WORKFLOW

Recalculate, re-detail, prototype and validate

A substitution is an engineering change. It affects drawing notes, BOM, flat pattern, weld procedure, fasteners,
finish, inspection and sometimes the product architecture.

1. Baseline ﬁzctg:s current grade, condition, product form, thickness, supplier and failure Controlled drawing/BOM, MTC, inspection and service data
2. Function I;c;:c‘iz,rgsl:eection, buckling, impact, fatigue, temperature, corrosion and Realea GEe aoverliEests

3. Concept Compare same geometry, resized gauge and redesigned section Calculations/FEA and manufacturability review

4. Joints Weld HAZ, fastener bearing, threads, galvanic isolation, adhesive compatibility Joint calculation, WPS/qualification or assembly test

5. Finish Pretreatment, masking, color, corrosion system and dimensional build Approved finish specification and sample

6. Supply Standard, availability, MOQ, temper, tolerances, certs and traceability Supplier confirmation and RFQ comparison

7. Validation Prototype, dimensional FAI, load/fatigue/corrosion/functional tests Approved test plan and signed change release

Common substitution failures

flexible

Same-gauge steel to aluminum becomes

Yield strength was compared; modulus and section | were ignored

Redesign section depth/ribs and recalculate deflection/buckling

304 changed to 316 but pitting continues

Crevice, heat tint, salt retention or cleaning chemistry remained

Fix detailing/finish and verify grade against actual media

Stainless fastener pits aluminum panel

Wet galvanic couple and adverse area ratio

Isolate, seal, coat, drain and select compatible fastener system

welding

6061-T6 frame misses load test after

Unwelded Té6 strength was used through the HAZ

Use welded-condition design data and qualified joint details

Assembly will not fit after coating

datums

Finish thickness/masking was not included in holes, threads and

Define post-finish functional dimensions and masking/chasing
plan

record.

CHANGE CONTROL

A material substitution should create a new controlled revision with updated drawing notes, BOM, supplier requirements, process plan and validation

Material Comparison Handbook
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15 RELEASE CHECKLIST AND STANDARDS

Issue a complete, verifiable material package

Use the checklist before RFQ, prototype approval or production release. Standards listed below define scope and
terminology; purchase the applicable edition and verify contract requirements.

Function, loads, stiffness and service life defined

Fastener grade, preload, bearing and thread engagement checked

Environment, temperature, chemicals and cleaning defined

Galvanic couples and area ratios reviewed

Material family and exact grade selected

Drainage, crevices and trapped-fluid risks removed

Condition/temper and product form stated

Surface finish, pretreatment, thickness and masking defined

Governing product standard and edition confirmed

Post-finish functional dimensions identified

Thickness/section and dimensional tolerances defined

Cosmetic zones, grain/color and sample standard approved

Rolling/extrusion direction controlled where relevant

MTC/CoC/PMl/traceability requirements specified

Strength, deflection and buckling recalculated

Inspection method and acceptance criteria defined

Fatigue/impact/fire checks completed where required

Prototype/FAl and functional tests approved

Bend radius, grain direction and forming route verified

Packaging protects finish and isolates mixed metals

Cut edge, burr and contamination requirements specified

Supplier availability, MOQ and lead time confirmed

Weld process, filler, WPS and HAZ basis defined

Drawing, BOM and revision package aligned

Selected standards and official sources

1SO 630-1:2021 Structural steels - general technical delivery conditions

https://www.iso.org/standard/73841.html

1SO 15510:2014 Stainless steels - chemical composition

https://www.iso.org/standard/61187.html

1SO 209:2024 + Amd 1:2026 Wrought aluminum alloys - chemical composition

https://www.iso.org/standard/86374.html

1SO 6892-1:2019 Metallic materials - tensile testing at room temperature

https://www.iso.org/standard/78322.html

1SO 9223:2012 Atmospheric corrosivity classification

https://www.iso.org/standard/53499.html

1SO 12944-2:2017 Paint systems for steel - environment classification

https://www.iso.org/standard/64834.html

1SO 14713-1:2017 Zinc coatings - corrosion protection guidance

https://www.iso.org/standard/71135.html

1SO 7599:2018 Decorative/protective anodizing of aluminum

https://www.iso.org/standard/70156.html

1SO 15614-1:2017/Amd 1:2019 Welding procedure qualification - steels

https://www.iso.org/ics/25.160.10.html

1SO 15614-2:2025 Welding procedure qualification - aluminum

https://www.iso.org/ics/25.160.10.html

ASTM A1008/A1008M-26 Cold-rolled carbon/structural/HSLA steel sheet

https://store.astm.org/a1008_a1008m-26.html

ASTM A240/A240M-26 Stainless plate, sheet and strip

https://www.astm.org/membership-participation/technical-committees/committ
ee-a01/subcommittee-a01/jurisdiction-a0117

ASTM B209/B209M-21a Aluminum sheet and plate

https://store.astm.org/b0209_b0209m-21a.html

DOCUMENT CONTROL

Document: KFR-021 | Version: 1.0 | Release: 2026-07-18 | Owner: KingsForm Engineering | Contact: info@kingsformmetalworks.com
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