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Key concepts, typical applications, advantages, and practical considerations

1. Overview

Aspect

Why It Matters

Weight reduction  Lighter panels improve fuel efficiency and handling.

Strength & Modern materials resist impact, corrosion, and fatigue better than

durability traditional steel.

Design flexibility = Enables complex shapes, integrated safety features, and aesthetic styling.

New composites and alloys require specialized techniques but can extend

Repairability o
service life.

2. Material Families

Typical Use in
Autobody

Material

) Structural frames,
High?Strength Low?

door beams, roof
Alloy (HSLA) Steel

rails

Advanced High?
Strength Steel

(AHSS) — Dual? Outer panels, B?
— Dual~

pillars, roof panels

phase, TRIP,
Martensitic

Hood, trunk lid,
Aluminum Alloys front/rear fenders,

(5xxx, 6XXX series)  suspension
components

Core Properties

> 500?MPa tensile
strength, good
ductility, excellent
crash performance

600-1200?MPa,
high energy
absorption,
formable

150-300?MPa, 307
% lighter than steel,
good corrosion
resistance

Repair Implications

Conventional welding & spot?
welding; requires proper heat?
treatment to avoid brittleness.

Requires precise laser or
resistance welding; spot?weld
heat?affected zones (HAZ)
must be controlled; often
repaired with spot?weld?
compatible filler metals.
Friction stir welding, MIG/TIG
with aluminum filler; must
manage galvanic corrosion
when joining to steel.
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Material

Magnesium Alloys

Carbon?Fiber

Reinforced Polymer

(CFRP)

Glass?Fiber

Reinforced Polymer

(GFRP)

Thermoplastic
Composites (e.g.,
Polypropylene?

reinforced, PA?GF)

Hybrid Metal?

Typical Use in
Autobody

Engine covers,
some interior
brackets

Roof panels, rear
spoilers, structural
reinforcements

Bumpers, side
impact beams,
interior panels

Exterior trims,
bumper fascias,
interior trim

Mixed?material
crash zones, roof?

Core Properties

150-250?MPa, 40?
% lighter than

Repair Implications

Requires inert gas welding or
adhesive bonding; high

aluminum, excellent susceptibility to corrosion ?

damping

Tensile strength > 1
?GPa, very low
density, high
stiffness

Moderate strength,
good impact
absorption, lower
cost than CFRP

Re?meltable, high
impact resistance,
recyclable

Combines high
strength of metal

protective coatings essential.

Repair via resin infusion, scarf
patches, or pre?cured
laminates; requires controlled
curing temperature and UV
protection.

Similar repair methods to CFRP
but can be cured at lower
temperatures; often uses
polyester or epoxy resin
systems.

Spot?welding, ultrasonic
welding, or mechanical
fasteners; repairs often involve
heat?staking or adhesive
bonding.

Requires multi?process joining
(e.g., adhesive + mechanical

Composite o ,
to?frame with light weight of fasteners) and careful HAZ
Structures _ )
connections composites management.
3. Joining & Bonding Technologies
Technique Compatible Materials Advantages Limitations
) , Sensitive to surface
Laser Spot AHSS, HSLA, aluminum Precise, low heat o _
_ _ _ _ contamination; equipment
Welding (with proper parameters) input, fast cycle times ;
cost.
Friction Stir Aluminum alloys, some

Welding (FSW)

magnesium alloys

Strong
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