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Formability of Titanium Ti-6Al-4V sheets at low
temperature

 Introduction

« Warm Forming of Titanium 6AIl-4V
 Initial lab results

» Production process validation
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https://youtu.be/bzxhFh8tdxI

The Flexform Sheet Metal Forming Technology

Historically a cold forming process
« Using one shape defining tool half

« Second tool half being a flexible
rubber diaphragm, backed up by
hydraulic pressure

« Blank thickness from thin folil to
some 15 mm stainless steel may

be formed
Click: https://www.youtube.com/watch?v=m0HtZq9pokY
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2. QFC tray movement and forming_May 2018.mp4
https://www.youtube.com/watch?v=m0HtZq9pokY

Typical Cold Formed Parts — Airframes

« Shrink and stretch flanges
* Double curved

* Recessed parts
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Typical Flexform Parts — Jet engines

* Deep parts

« Tough alloys, typically
Inconel and Titanium

 Severe tolerance and
guality demand
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Formability of Titanium Ti-6Al-4V sheets at low
temperature

 Introduction

« Warm Forming of Titanium 6AIl-4V
 Initial lab results

* Production process validation
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Current hot forming processes
Why? 2

« Growing need for Ti 6Al-4V due to the composite
growth

* Need for a competitive process vs. various hot
forming processes

* Perceived hot forming challenges:
» High energy cost
* High tooling cost
» Slow process, low productivity and low capacity
« Poor process control
» Labor dependent
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Hot Forming Processes High Pressure Warm Forming
- 600-900°C
Forming 10 bar

1400 bar / 140 MPa
-120 min <5 min

Hot vs. Warm 210°C

Pressure, temperature & time
1400
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1000
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Hot forming

HPWF

B Temperature, C Pressure, bar

Time, min.
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Formability of Titanium Ti-6Al-4V sheets at low
temperature

 Introduction

«  Warm Forming of Titanium 6Al-4V
 Initial lab results

* Production process validation
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High Pressure Warm Forming

VINNOVA

Sveriges innovationsmyndighet

2014-04559
Pre-study funding
Warm forming of Titanium
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Initial lab test conclusions

Springback reduction
» Springback reduced with 20% in bending tests
» Lab cases indicate bigger reduction

Bending test
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Temperature RT = Room temperature
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HPWEF - Part forming suitability

Part configuration
deemed suitable for
the HPWF process
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Expected process benefits
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Reduce production cost

Production time/part

Quintus

*
Hot Forming

SPE SPF = Super Plastic Forming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

E Pre-form ®Pressing & Part Cool down * Data from: Advanced Forming Research Centre
(AFRC), University of Strathclyde
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Increase productivity

Production output, parts/year

o ) 140000 parts
Hot Forming ﬁ 23,000 paI'tS
SPF '
Quintus: 3 parts/cycle
HS/SPF: 1 part/cycle

0 20000 40000 60000 80000 100000 120000 140000 2 shifts and 240 days/year

2,900 parts
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Reduce production cost

Production cost

Quintus

* Hot Forming

SPF

0% 20% 40% 60% 80% 100%

M Material cost  Labour cost i Other

* Data from: Advanced Forming Research Centre
(AFRC), University of Strathclyde
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High Pressure Warm Forming

VINNOVA

Sveriges innovationsmyndighet

2015-05196
Process demo project funding
High-pressure process for Titanium
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Lab scale warm forming system

« Scalable
 Automation
* Process control
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Demo parts — Lab scale

« With and without springback compensation
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Demo parts — Lab scale

« Shrink & stretch flanges

« Joggles
 Gentle curvatures
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Lab test conclusions — Excellent forming repeatability

sem

Generated with ATOS Professional VB SR1

Devaition values for selected points across all 11 parts - scans best fit to CAD

Part11

- Range [mm]
/= Btm Surface comparison 1.42 & Btm Surface comparison 1.56 = Btm Surface comparison 1.49

/= Btm Surface comparison 1.54

1.000
/= Btm Surface comparison 1.40 0.600
0.400
0.200
/= Btm Surf: ison 1.50 9-000
= Btm Surface comparison 1.52 m Surface comparison 1. -0,200
-0.400
¥ &= Btm Surface comparison 1.43 -0.600
X* -1.000
Z /= Btm Surface comparison 1.34 &= Btm Surface comparison 1.35 &= Btm Surface comparison 1.41 .
Element Property [Tol - |Tol + |Partl1l Part2 |Part3 |Part4 |Part5 |Part6 |Part?7 |Part8 |Part9 |Part10|Part1l
& Btm Surface comparisen 1.34 dxXYZ |-0.100|+0.100|+0.182|+0.191|+0.261 | +0.317|+0.058|+0.125|+0.050| -0.045|+0.189|+0.033 | +0.119
% Btm Surface comparison 1.35 dXYZ |[-0.100|+0.100|+0.162|+0.200|+0.144 | +0.277 | +0.174| -0.150| +0.053| -0.031|+0.210|+0.053 | +0.116
[N Btm Surface comparison 1.40 dX¥Z |-0.100|+0.100| -0.259| -0.284| -0.264| -0.277| -0.155| -0.175|+0.006| -0.033| -0.174| -0.070| -0.108
= Btm Surface comparison 1.41 dXYZ |[-0.100|+0.100| -0.321| -0.371| -0.308| -0.342| -0.294| -0.284| -0.074| -0.052| -0.268 -0.086| -0.190
% Bim Surface comparison 1.42 dXYZ |[-0.100|+0.100| -0.236| -0.299 | -0.274 | -0.350| -0.125| -0.151| -0.011| -0.042| -0.217 | -0.020| -0.092
& Btm Surface comparison 1.43 dXYZ |[-0.100|+0.100| -0.284| -0.384| -0.308| -0.442| -0.277| -0.186| -0.122| -0.130| -0.328 -0.054| -0.179
= Btm Surface comparison 1,49 dXYZ |-0.100|+0.100|+0.075|+0.168 | +0.146|+0.178|+0.085 | +0.073 | +0.037| -0.050|+0.151 -0.089|+0.104
& Btm Surface comparison 1.50 dXYZ |[-0.100|+0.100|+0.113|+0.118|+0.268| +0.335|+0.059|+0.208| -0.020| -0.114|+0.172| -0.143|+0.139
8 Bum Surface comparisen 1.52 dXYZ |[-0.100|+0.100| -0.283| -0.329| -0.284| -0.353| -0.286| -0.285| -0.364| -0.322| -0.345  -0.352| -0.241
'ﬁEtm Surface comparison 1.54 dX¥Z |-0.100|+0.100(+0.123|+0.153|+0.075|+0.133 | +0.073 | +0.095| +0.085 | +0.137| +0.122 | +0.102 | +0.151
= Btm Surface comparison 1.56 dxXYZ |-0.100|+0.100| -0.324| -0.305| -0.295| -0.298| -0.237| -0.297| -0.305| -0.285| -0.250| -0.241| -0.271

Prealignment 1 Length unit: mm

38/38

Confidential |  10/10/2019 | 25 MEMBER OF KOBE STEEL GROUP D)) Quintus

TECHNOLOGIES



Test sample

First section

Second section

AFRC_DIRF_1047_SoW_V2

(e of elved and warm parts.

Overview:

Following on from the metrology work carried out under DIRF_713, the AFRC will
carry out materials characterisation (Optical and electron microscopy) on one off
as-ceceived sample, and 0ne off warm hydroformed sample

Aims.
o Carry ot metallographic examination of one off warm hydroformed
COMPOnent 10 assess for the presence of Cracks within the microstructure.

Koy tasks:

o Using optical and electron mikroscopy, examine the microstructure for
subsurface cracks taking samples from 3 locations on the formed part (flat,
lozenge-shaped feature, and bend radius)
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Extracted Samples for Section 2
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Section sample mounted

Right (Flat) side
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Macro optical image showing material flow
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Optical Micrographs of sectionl -
Staegon e

Optical image location A
Fine and extended grains
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Strathclyde

Glasgow

Optical Micrographs of sectionl

ADVANCED FORMING RESEARCH CENTRE
Optical Image location C
Direction of grain flow has oriented along bending direction (horizontal axis on this page) around

15-20°

University of

No evidence of any cracks
within the macrostructure or
along the edges of the
section




No Alpha case formation

Alpha case formation has been
investigated at three points, A, C and E,
of the 'L' shape section.

Both optical microscope and SEM have
been used for alpha case evaluation.
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How does it work?
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Quintus High Pressure Warm Forming — Step by step

Click: https://www.youtube.com/watch?v=gcSyicC-tFk
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1. Final_High Pressure Warm Forming process_May 2018.mp4
https://www.youtube.com/watch?v=gcSyicC-tFk

Next step

 Equipment /system validation

* Robustness
Handling
Productivity
Process cost
Isolation
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1. Final_High Pressure Warm Forming process_May 2018.mp4

HPWEF system under installation
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Next step - Partners welcome!

Process validation

Tooling

« Demonstrators, full size

« Spring back compensation

« Simulation correlation
Final stress relief requirements
Process envelope / part suitability

Market acceptance
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Formability of Titanium Ti-6Al-4V sheets at low
temperature

Thank you for your attent

Introduction
« Warm Forming of Titanium 6AIl-4V
Initial lab results Sture Olsson

Production process validation Bj_('jrn Carlsson
Mikael Bergkvist

sture.olsson@aquintusteam.com

https://quintustechnologies.com/
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