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Introduction to Hot forming

The process
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Introduction to Hot forming

HOT FORMING LINE

BENTELERY
makes it happen

Courtesy Benteler Mechanical Engineering



New trends in Hot forming

FURNACE TYPES - DIRECT HOT FORMING BENTELERV

makes it happen
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New trends in Hot forming

PARTIAL HARDENING BENTELERV

makes it happen

'} Destacking ) Heat Treatment > Uploading >




New trends in Hot forming:- Higher output

Large tonnage presses

Double Decker furnaces




New trends in Hot forming

Current vehicles

Usibor®1500

1.2 mm /‘

Usibor*™1500
1.8 mm

!

w

JPE00

5 mm OP780 v
. 450 1.5

Baseline:
15.8" kg

LWEB Door Ring solution

Usibor1500 !

1.2 mm

Usibor 1500
1.7 mm

[

Door Ring Solution:
12.7* kg (-20%)

Honda’s Acura MDX

part instead of 4

¥ One stamping toal

¥ One stamping operaton

« No post assembly operations
Lightweight concept

v Hot stamping steel grades
v Optimized thickness distnbution
v Laser weld continuous links (no avearlap)

Hot-stamping geometry accuracy

Materials, thicknesses and weldline positions can be tuned to optimize weight



Aluminium Hot forming

Why High Strength Aluminum ?

» Weight reduction e el —ef™

» |[mproved crash performance

» High corrosion resistance

2020

101 gCOJkm = 95g CO,/km

2020
5 /100km

» Recyclable and sustainable

» Internal Combustion Engine vehicles
« Fuel efficiency
- Future legal CO, - requirements

» Battery Electrical Vehicle
= Range extension

- Cost saving due to less battery capacity needed

Material

Lightweight
Smart Product  Complex
Process Design

APT
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Aluminium Hot forming

What does it take to go light weight?

Car body adaption

Car body as key factor

» Design to leightweight

» New matenals and
processes

» High rates of functional
Integration

Light chassis ——

Source: Volkswagen AG, Audi AG AUTOMATION PRESSES TOOLING



Use of Aluminium in Automotive
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Applications of aluminium alloy panel structures in an automobile and aircraft: (a) Audi TT coupé and (b)
Airbus 380



Aluminium Hot forming

Aluminum in cars - Parts

Best candidates to be made in Aluminum?

» Structure parts
» Cross members
» Floor

» Roof

» Skin parts

» Doors

» Hatches

» efc.




Industry

Automotive
truck

heat

floor

America)

Typical applications of different alloys in an automobile

Alloy grade

AA5052

AAS754

AA6016-T4

AAG6111-T4

AA7020-T6

Main chemical

composition

Al-Mg

Al-Mg-Si

Al-Zn-Mg

Strength/Density
(Pa/(kg.m3))

72,000

86,000

81,500

103,000

127,000

Applications

Interior panels and components,

and body panels, bumpers

Inner body panels, splash guards,
shields, air cleaner trays and covers,

structural and weldable parts, load

Outer panels and structural sheets
(Europe)

Outer and inner panels (North

Potential applications for A pillar and

n~illAaw



Type of alloys

Wrought aluminium alloys are the most widely used raw material
candidates for panel structures. Nowadays, non-heat treatable
AA5xxx, and heat treatable AA6xxx, AA7xxx and AA2xxx, are

popular candidates for automotive and aircraft industries.

Main chemical compositions of some aluminium alloys (wt¥).

AA5754[19] Mg Mn Fe Si Cu Ni Ti Zn Al
30 024 026 003 002 <001 <001 <001 Bal
AA2024(20] Cu Mg Mn Si Fe Zn Ti Cr Al
45 15 05 041 040 020 012 007 Bal
AAG082(21] Si Mg Mn Fe Cu Zn Cr Ti Al
105 08 068 026 004 002 001 001 Bal
AA7075(22] Zn Mg Cu Fe Cr Si Mn Ti Al

54 22 14 022 019 007 004 002 Bal

S

Strength (MPa)
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. Yield strength
m Ultimate tensile strength
——Total elongation

i

AASTH  AA2024-T3 AA2024-T6 AAGS2-T6 AATO75-T6 AAT075-T73
Alloy

Comparisons of mechanical properties of commonly
used alloy and different heat treatment temper
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Taotal elongation (%)
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Review of sheet metal forming techniques

Cold forming

Typically used for non-heat treatable AA5xxx
and heat treatable alloys, such as AA6111

The ductility in T6 condition is very poor
which is not beneficial for producing

complex-shaped structures.

To address this disadvantage, W-temper
forming or stamping at T4 temper condition

can be used.

However, the strength of W-temper or T4
formed components needs to be increased
by additional heat treatment, to restore the

microstructure and mechanical properties.

AMEI1-TE
{Heat treatable)

Strength improved
by heat treatment

AASTH-O

(Mem-heat treatable)

True stress (MFPa)
A | rJ
2B &

AAGL1L-W
{Heat treatable)

Lhuactility improved by alloy temper
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i) ] 10 15 20

P
£

True strain (%)
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(a)Characteristics of cold stamping using rigid dies: Stress-strain curves of
different alloys and different tempers

(b) Springback defect and (c) Shape distortion due to additional heat treatment



Review of sheet metal forming techniques

Hot Form and Quench (HFQ")

4 SHT
* |Initially a blank is heated to its Solution Heat \
Treatment (SHT) temperature and soaked for a
specific time period to dissolve the original coarse
precipitates and soluble inclusions within the a-Al
matrix and obtain an optimum microstructure. /

* Then the blank is quickly transferred to the press, /
stamped and held for a brief period between the /
cold dies which quench the blank to lower
temperatures.

* The blank is more ductile at elevated temperatures,
and using cold die quenching can achieve a cooling
rate rapid enough to prevent the formation of
coarse secondary phase at grain boundaries and
obtain a super saturated solid solution state in the
formed part.

Transfer to press

Forming

Temperature (*C)

Quenching Ageing

Time (s)

-
- -

Inclusions Super saturated solid solute Maximum strength
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Aluminium Hot forming :- The process

Temperature

Process options

Hot Forming (HF)
Die Quenching

W-Temper

£XXX: Up o 350"
TXXX: Up to 225°

BXXX: 530-560°C
TEXX: 460-430°C

a0

==
Warm Forming
4 (WF) Air Cooling
Solutionization (SHT) Transfer Aging l Aging
Heat-Up Soaking Cooling Forming to Aging step 1 I step 2
Tgur !
T\'T,l : -r
\ . |
Il
s -
\ \ Artificial i Artificial
T.n. - Aging , Aging
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Aluminium Hot forming

AA6xxx — Mechanical properties after pre-aging and paint baking

M
t fractu

Strength, MPa

A, Elongation at fracture, %

0
AAGxo: Pre-aged AABX0C After paint baking

MRpD?2 uRmM WA
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Aluminium Hot forming:- Die Quenching

Process & Machinery

Hot Forming (HF) . _ .
Die Quenching b2 ik chuded in

AP&T scope of

ael very
| OEMs Torls
Station A Swica B Staton D Station E Sution F | Station G
Destacker: Blank'  Solulxsuzalion Fommng Washing Pre-ageing ' Pat Baking (PB)
Coul Feeder Heat-up and and (PA) ! e-Coating
Aluminium Alloys Soaking Drving ’
Blank - ,ﬁ :
[F| & — =1
({5 "‘\ ‘e :

- strengthening gt achieved for parts using the Full strengthen.:g

alloy materials AA2xwo, AAGx and AA T achieved

APT
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Aluminium Hot forming:- Intermediate cooling

Process & Machinery

Hot Forming (HF)
Intermediate cooling

Not included in
AP&T scope of

delivery
1 OEMs, Tierls, ex
Station A Seatvon B Station ( Station D Suanion K Statica F | Station G
Destacker: Blask/  Solutonizatson  Intermediate Forming Washing Pre-ageing ' Paint Baking (PBy
Coil Feeder Heat-up and Cooling and (PA) ! e-Coatmg
Aluminium Allovs Scaking Deving !
— I
Rlank - i I
@ — [ ].ol
- L - - r‘"u it -— | -
L] AN o]
I

LA AR
AR ... ... o farts using e L.

alloy matenals AA2o0 AABox and AATIOx achieved

APT
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Aluminium Hot forming

AP&T Scalable Production Lines for High Strength Aluminum

Entry line for tryout and low volume production

Approx. 50-60 sec/cycle

(based on thickness 1,5 mm)

A

APT
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Aluminium Hot forming

AP&T Scalable Production Lines for High Strength Aluminum

Full capacity production line

Approx. 10-12 sec/cycle

(based on thickness 1,5 mm)

AJTOMATION - PRESSES TOOLING




Aluminium Hot forming

AP&T Scalable Production Lines for High Strength Aluminum

Full capacity production line with pre-cooling

Approx. 10-12 sec/cycle

(based on thickness 1,5 mm)




Aluminium Hot forming

AP&T Scalable Production Lines for High Strength Aluminum

Full capacity production line with pre-cooling + washing + pre-aging

Approx. 10-12 sec/cycle

(based on thickness 1,5 mm)

A

APT
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Aluminium Hot forming

AP&T Scalable Production Lines for High Strength Aluminum

Full capacity production line with pre-cooling + 2 x trimming/piercing + washing + pre-aging

Approx. 10-12 sec/cycle

(based on thickness 1,5 mm)

APT

AUTOMATION - PRESSES TOOLING



Aluminium Hot forming:- Equipment




Aluminium Hot forming:- Equipment

Forming

AP&T Hydraulic Servopress ODEN-FTS 6000-10000 kN

» Electric servo controlled hydraulic pump technology - no
conventional valve system

» Forming curve with high precision and absolute repeatability
» Active parallelism control

» High output

» Freely programmable speed and force control

» 50 — 60% lower energy consumption

» Low maintenance cost

» Option: Servo cushion

ATOMATION RERES TOBXING



Aluminium Hot forming

Control system structure

L L]

astwark pETwen
Flawy s

e )
-
— l.a Aty

..... ——
]
Automation Fuma y—. S - Robots Line ‘
;:m, L U i
E=r-1 a1
Profiess
|
' w
J ETIO P
' STAXRP PP 4 1O k [ir e g e TR i

l..‘.l-w

Wery e wohe Hau:tl

@ !
-
il

'™ Ev-sep Satlerpgawde Am

NUTCOMATION- PRESSES TOOLING



Aluminium Hot forming

Important parameters for process control

1. Time in furnace 5. Press force

2. Temperature in furace 6. Quenching time

3. Time from furnace to 7. Coolant water flow and
start of forming temperature

4. Temperature prior to forming 8. Temperature after foumi



Aluminium Hot forming:- Conclusion

One responsible partner for High Strength Aluminum

» Scalable Production Lines

» Fast installation and startup

» Launch support and training

» Expernience in hot forming

» Process knowledge

» AP&T Partner network

» Total Cost of Ownership (TCO)




About AP&T ........

OUR MISSION

To make our customers more
competitive in the global market

OUR BUSINESS

AP&T provides sheet metal industries worldwide
with complete production systems as well as with
stand-alone presses, automation, tooling and
related aftermarket services

A

APT
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About AP&T ........

Modular based Competence
system in-house

One
Responsible
Partner®

Market leader in
defined niches

Personal contact
at all levels

Follow our
customers globally



About AP&T ........

OUR FOCUS

Energy efficiency Lightweight Safety




About AP&T ........

CORE VALUES

Believe in people Business committed Curiosity

AJTOMATIOR S5E5 - TOOLING



ISGEC APRT
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TECHNICAL ALLIANCE WITH AP&T FOR HOT STAMPING TECHNOLOGY

—_—
 —
T~

scec  lggt APT

AUTOMATION - PRESSES - TOOLING




Why Titanium Hot forming?

(ErEaEN COMMERCIAL MARKET OUTLOOK

30

Wing Compenents

Structural Components

Regianal Jel Single Alsle Widebady
2,320 Deliveries 31,380 Deliveries 8,070 Deliveries 980 Deliveries
$110 Eillion $3,480 Billion $280 Billion

China

Russia and Central Asia
” Europe 1 290 - 3.550
North America 8 490 L] N 530
B, 800 s '-1‘11':30 E.uin
— 7,210 — 3,550 222
— Middle Bast 310 | Engine Systems
South Asia
Africa W50 Asia-Pacific Door Components
N 16,930 =010
E m - 1690 7,360 Northeast Asia
W 2017 Latin America EEE—— 70
Total Flest . 1,630
1,150
. ke T
i - 3,580 Oceania
Bz B
2 World Fleet
E% — 24,400 Ilsnazco T't 1 1 1 d 1 It 1 d
8,560 lanium usage In aerospace I1s expanding. It IS use

in manufacturing control surfaces and mechanisms,
doors, assemblies, and the wings and propulsion
assemblies.

Projections for the aerospace segment are that it
will grow at a rate of 3.5 percent over the next two
decades, doubling in size by 2037. Commercial
Market Outlook infographic courtesy of Boeing, Infographic courtesy of Beckwood Press Company.
Chicago.



Titanium Hot forming

Effect of Temperature on Titanium Elongation

» During the hot forming Sesiont 1490°%F
process, titanium and other - 1300°F
high-strength alloys are ” e
heated to extreme 30
temperatures (500 degrees L Rty ”

C or higher) and formed in (=08 f= O
a preSS_ Effect of Temperature on Titanium Bend Radius % !

Bend Radius (T) 750°F k T 10200
10 ; > \

> The introduction of heat o~
The odch o’ ea ; 570;&.‘ o
Increases titanium's j -
malleability so that :

complex shapes can be o m ow w m ow ow o w
formed at lower tonnages

without springback or

fracturing.




Titanium Hot forming

» The process of hot forming differs in a
couple of ways.

» First, in hot forming, the press,
tooling, and blank are heated, while
iIn hot stamping only the blank is
heated.

» Second, in hot forming, the titanium
or other high-strength alloy starts and
ends as the same or similar

microstructure




Titanium Hot forming

Anatomy of a Hot Forming Press

Modular 4-Post Frame Style

Fire Resistant Hydraulic Fluid

Stainless Steel Platen Box
(Heating Stack-Up)

Guided Ram Platen Multi-Zone Thermocouples

Water Cooled Platens Electric Cartridge Heaters

Automated Front & Rear Doors

Recipe Gontrol &
Data Acquisition
Tool Temperature /'b

Monitoring & Recording

User Access Panels

T-slots for Tool Attachment

Poured Ceramic Insulation



Titanium Hot forming :- Typical parts

Temp: 1350°F
Approach: 90 IPM
Forming: 7.5 IPM
Dwell: 5 min

Slow retract: 40 IPM
Fast retract: 120 IPM
Total part-to-part: 7 min

Temp: 1350°F
Approach: 90 IPM
Forming: 5IPM

Dwell: 6 min

Slow retract: 20 IPM
Fast retract: 120 IPM
Total part-to-part: 8 min






