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Abstract: Exhaust ducts for helicopters are currently mainly built out of Nibased dloys or
Commercidly Pure Titanium (CpTi). With a further power increase of the engines the use of
CpTi gets criticd due to increased temperature and pressure of the exhaust gas stream. The
increased thrugt of the engines is dso accompanied by an augmented noise level. The current
design of a date-of-the-at exhaust duct is mogly sngle wal congtruction without any noise
reduction purpose. There is a congtant drive towards noise reduction of helicopters to be able
to enter densdy populated city areas or sendtive points like hospitas. Besides other noise
sources like rotors and engine inlet the exhaust noise is important. Unfortunately the
introduction of noise damping features add some weight to conventiond hi-temperature ducts
made from Ni-base dloys. CpTi cannot be taken due to dability problems at higher
temperatures. The payload is reduced. The exchange of Ni-based dloys with Ti-aloys opens
a door for a dgnificant weight reduction. The introduction of noise reduction technology is
possble without weight pendty compared to single wal Nidloy ducts. The materid’s data
for long-time exposure a service temperature of 600°C and above have not yet known in
detal. The forming and assembly processes were updated regarding the Ti dloys. The design,
production and testing of an dl-Ti-duct mede from Ti6-2-4-2 and beta2lS has been
demonstrated successfully. The project has been funded by the EC in 5.FP under the synonym
"HORTIA".

1 INTRODUCTION

Titanium dloys show an excdlent combination of high srength a8 ambient and devated
temperatures, good corrosion resstance and low specific weight. In aerogpace products like



arcraft, satdlites, hdlicopters, etc Titanium dloys play therr full advantage in areas with high
dresses and/ or thermd loads and/or aggressve environment. Titanium dloy parts can save
haf of the mass compared agangst Sted- and Ni-based alloys. Most amount of Titanium parts
both in Commercidly Pure Titanium (CpTi) and Ti-aloys are applied as machined parts
made from thick sections, eg. load carrying brackets, hinges, etc. Ti-dloy sheet metd parts
ae not numerous in arcraft and helicopters, which is due to the high drength, limited
ductility and high amount of spring back at room temperature. Most gpplications are tubular
parts made from reatively soft CpTi like bleed ar ducts, APU-ducts or exhaust sections.
Hdicopter exhaust sysems are made from either CpTi or from Nickd-based dloys. The
decison is depending on the misson profile, the engine and the overal duct design. If the
ducts is short, the resulting pressure moderate and the temperature not exceeding ~380 °C, the
preferred materid is CpTi. The current design of hdicopters exhaust ducts doesn't include
any noie reducing items and issingle wall.

In course of increased performance leve of the engines and under the hazard of future noise
regulation due to environmenta concerns, the current exhaust design has to be modified. In
previous dudies, eg. SILENCER, the generd design for a noise reduction item included in an
IN625 exhaust duct dructure is tested. The design is relying on the Helmholtz principle,
which affords a perforated inner skin and atight outer shell.

The approach of the actud joint development program which is partly presented heresfter is
targeting on weght reduction with the introduction of Titanium Alloys Ti6-2-4-2 and
beta?1S. The noise reduction performance should be in the same range, ~3,8dB, as with the
previous ING625 test article.

In a pre-desgn phase the overall design, depending on materid properties, the dlocation and
the additiond space, needed for the double skin design, was defined. With hdp of
temperaure and dress andyss and influenced by test data from materids tedts a high
temperatures and process requirements the finad desgn has been frozen. Materid tests
included definition of Superplastic Forming (SPF) and Hot Gas Pressure Forming (HGPF)
process parameters. The sheet metd parts are produced by SPF and HGPF. The assembly was
made by different welding procedures, eg, Laser Beam Weding (LBW), Tungsten Inert Gas
Wedding (TIG) and Spot Welding.

The exhaust duct was tested on adatic engine test bed to verify its structurd integrity and to
dore test data concerning wall temperatures and loads. The project has successfully been
finished. On the bags of the promisng results the future implementation of Titanium Alloys
Exhaust Systemns with noise reduction performance is possible.

2 EXHAUST DUCT DESIGN

The envissged modd exhaust duct is for an ARRIUS engine inddled in a bi-engine
helicopter. The shgpe of the exising single-wadl duct is rdaively smple. The attachment on
the engine sde is circular. The length of the duct is about 1,2m. It opens conicdly with an
angle of 5°. The centre line is raked to guide the hot fumes away from the helicopter body.
The geometry where the duct is cutting through the loft line of the hdicopters outer body
pand isovd

The addition of an acoudic treatment onto a gas exhaust nozzle implies a more complex
design due to the double skin desgn and a direct increase of the weight. The part count is
more than doubled. With help of Titanium aloys the weight can be kept down to a leve of
about the same weight as the conventiond Nirbased duct. The design work was heavily
influenced by the specific requirements of the new forming and weding techniques like
Superplastic Forming (SPF), Hot Gas Pressure Forming (HGPF) and Laser Beam Welding
(LBW). With help of these processes it is possble to keep production cost of Titanium aloys



pats a an acceptable leve. Especidly the forming techniques made it smple to foresee
“integrated” parts with a complex shape. This avoided much assembly work.

The sarvice loads and the sarvice temperatures have been andyzed by smulation methods.
With load and temperature predictions and the maerias data from sample tests a high
temperature the wall thickness and the load carrying dements were defined. In order to
guarantee the necessary lifetime for this component the minimum thickness was st to s=0.8
mm. A modeling tool was developed in order to optimize the design of the componernt.

Figure 1: Design of the silent exhaust

After identification and locdization of potentid criticd areas, some iteration loops lead to an
optimization. Find design see Fig. 1. Due to suitable desgn modifications the hest flow could
be reduced. The parts’ temperature and/or the stress level has been reduced considerably.

The design tool was vdidated during the nozzle tests.

3 FORMING PROCESS

3.1 SPF versus HGPF process

Forming of Titanium dloy shedts is paticulaly difficult because of the high drength of the
materia and the large spring back a ambient temperature. At temperatures between 800 and
950°C however the flow dress is much lower and the resulting strain can be some hundred
percent if the right st of parameters, eg. temperature and drain rate is applied. The
mentioned materid’s forming properties are exploited with the SPF or the HGPF process.
Essentidly both processes are working with a shielding gas. With controlled gas pressure the
blank is forced into a mould. The process has its name $PF if the materiad has SPF properties
and is formed under application of SPF parameters. If the process is put outsde of the SPF
range or if it is a non-SPF-materid the name HGPF has been established. A typical sequence
for SPF and HGPF isshown in Fig.2.



Figure 2: Forming with gas pressure under elevated temperature

The suitable set of process parameters is defined with the help of the cone cup test, Fig. 3.
The materid istested on the basis of atest matrix which includes a set of temperatures and
drain rates. For each combination of temperature and strain rate the cones are formed until
falure
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Figure 3: Cone test description

Optimum combination of temperature and drain rate alows highest cone height which is an
indication for best pladgticity and maximum overdl drain without necking. From the results it
is possible to determine the optimum set of gpplicable parameters for agiven part geometry.

3.2 SPF Parameters

The HGPF and SPF properties of Ti6-2-4-2 have been investigated in detail with the cone cup
test. The test parameters span from 820°C up to 980°C and the strain rate from 1x10°* up to
1x102 s*. The results have been plotted in a 3D-Diagram, see figure 4. From the 3 D-chart
the optimum range of parameters can easily be identified.

From the sdected find design every sngle pat has to be manufactured with sheet metd
forming techniques. The process dudies resulted in various “hot forming”-configurations
adapted to the different plagticity of the two different Ti-alloys and in reference to the
complexity of the desired shape.



Figure 4: 3-D-plot of “Cone Cup Test™results for SPF-parameter selection

An “indudridisation loop’, dating with the initid tooling desgn, forming sSmulaion
andyds, iterative modification of tool geometry has been done until a good compromise was
achieved. Fig. 5. The main target has been indudriad feashility, eg. sze and peformance of
press, extracting angle, etc but dso fina pat propeties as the thickness profile and cost
andlysisfor future production influenced the crestion of the set of diesand jigs.
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Figure 5: Typical iteration loop for SPF parts

This work led to the actud definition of the forming tools required to produce the following
edementary parts. Resulting tools have been built in Stainless sed and Ni based dloy. The

tools have a tota mass ranging from ~300 kg up to 1.2 Tons. Fig. 6 shows the tool for the skin
production in hot action.



Figure 6: SPF-die for the exhaust skin half shell in action

3.3 Forming of parts

The sdected find exhaust duct design resulted in 6 single parts with different and somehow
complex geometry to be formed and afteewards assembled. Fig. 7.Concerning the forming
operdtions the process sudies ended up in various “hot forming” configurations respecting the
ductility limitations of the different Titanium dloys in conjunction with the geometry of the
parts. Process variants include SPF, HGPF and Hot forming with driver sheet.

Part Sin(L +R) Entry lip Ejector Front Baffle | Rear Béffle
)/
Part :
definition '
Materid | Ti 6-2-4-2 Ti6-2-4-2 | B21S B21S B21S
Forming | SPF driver sheet | driver sheet | driver sheet | driver sheet
SPF HGPF HGPF HGPF

Figure 7: Single parts definition

During “indudridisation phasg’ the priority has been on technica feasbility combined with
cost condderation for future production. Starting from initid tool design based on experience
from other parts it was possble to achieve iterative optimisation supported by smulation
andyss results for the whole set of dies and tools. A good compromise has been found to end
up with a suitable thickness profile of the parts. With assstance of the smulation tool aso the
cycletime and the pressure cycle could be pre-determined.

4  CHEMICAL MACHINING OF TITANIUM SURFACES

Process and materids anadyds previoudy conducted resulted in specid a decontamination
sequence for dpha-case removd. The dpha-case layer has to be removed because it is the
origin of brittle cracking. The sequence was optimized for refractory Titanium dloys.
Hydrogen adsorption and intergranular attack is a phenomenon resulting from the chemicd
composition of the HF / HNOs bah. For beta2lS specid chemica treatment in specid
condition is necessary to achieve the proper milling rate, thickness homogeneity, surface
roughness, see Fig. 8, and to avoid exceeding hydrogen uptake.
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Figure 8: Different surface smoothness as a function of the chemical-mill process

5  WELDING PROCESS

Development of the welding processes to assemble the whole exhaust duct was separated in
phases:

Definition of weding parameters of each characteridic materid, materid condition

(base materid and heat trested and strained materid), materiad combination (Ti6-2-4-

2 and beta?1S) and welding configuration with samples.

Study on samples amilar to the rea exhaust geometry

Transfer of experience on thered part
For the given materids and the weding conditions three different welding processes have
been identified and investigated, see figure 9:

Resistance Spot Welding in Igp joint configuration

GTAW in butt joint configuration

LASER welding in butt and lap joint configurations
The welding operations and the QA requirements for the exhaust duct are dassfied following
Class 2.
An appropriate surface preparation is required before welding and is put into a process spec to
be reproducible. It condsts of degreasing, decontamination, dripping, ringng. The use of
specific solvents required for the titanium dloys surface preparation is necessary, especidly
no contact with hadogen solvents is required. A maximum delay between surface preparation
and welding has been fixed.
Following French standards have been considered for development and vaidation steps:

NF L 06-383 for RSW

NF L 06-3%4 for GTAW

NF L 06-395 for LBW
Asvisua acceptance criteria the appearance has to show:

No cracks

The seam must present aslver-grey brilliant metdlic aspect.

No white or grey or blue coloration must be seen on the melted zone.

If a dngle pass wdding process is redized, a light ydlow in the meted zone or light

blue on HAZ is permitted.
Further characterization has been done by NDT. The samples and the parts have been X-ray-
ed and underwent a penetrant inspection.



welded formed samples
321s: 1.47mm thickness
Ti-6242: 1.2 mm thickness
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As an example for the totd scope of the wedding investigations of al the three different
welding processes, the results for LBW are presented. The following micrographs, Fig. 10,
11, 12, and 13 show the integrity of the weld seam and the heat affected zone (HAZ) for the

Figure 9: Matrix for welding investigations

welding of same materid and the combination of Ti6-2-4-2 with Ti beta 21S.

Laser Beam Welded samplesin butt joint configuration.

Ti6-2-4-2/Ti6-2-4-2

Figure 10:

LBW of SPF ed Ti6-2-4-2 to Ti6-2-4-2 in as-received condition




Beta21S/Beta2lS

Figure 12: LBW of SPF ed beta21S welded to beta21S in as-received condition without H,
contamination

Ti6-2-4-2/beta2lS

Figure 13: LBW of SPF ed Ti6-2-4-2 welded to Hot formed beta21S

The weding experiments show the performance of the different applied welding processes.
Both the weding of Ti-maerid of the same dloy and the combination of Ti6-2-4-2 with
beta?1lS proved to be successful. The additiond tendle tesdts referring to the different
combinations of dloys and hegt-trestment conditions clearly show an influence of the welding
operation on tendle drength. As usud, there is a smdl reduction of Ultimate tendle drength
(UTS). Some hydrogen pick-up during GTAW and LBW of beta?ls cannot be avoided. This
contamination leads to a reduction of mechanicd performance data Tendle drength is

reduced by~ 15%. Specid attention has to be paid on unacceptable hydrogen content which
resultsin brittle failure a low strength level.



If the heat- and the surface trestment and the welding operation has been kept indde the
specified conditions, the falure dways occurs in the base metd. The dongdion to falure is
smilar to the delivery condition.

The specified give satisfactory results according to the QA requirements and to the sandards
cited above.

6 TESTING AND RESULTS

The assembly of the complete test item following the condruction plan and the given
tolerances has successfully completed.

The completed demondration part was tested in full scae on an engine test bed regarding
both the temperaure didribution under full engine load and the emitted noise level. The
documented temperatures confirmed the smulation results. The noise emisson of the exhaust
gas flow was measured. The noise was reduced to ~the same level as with the IN625
component.

Figure 14: Exhaust nozzle after first campaign with Max Take off Power (MTP)
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Figure 15: First campaign. Exhaust nozzle after coloration test at MTP
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As it can be seen in Fig.14, the engine gector, which is located at the back, leads the fumes
directly in the HORTIA gas exhaust nozzle. The acoudtic trestment is located in the center
area of the nozzle.
Three different campaigns of engine bench tests were performed with a TM 333 gas turbine.
Frd campagn suited for thermo mechanicd tests. Fg. 15, Temperatures and
mechanica dtresses were measured for three different engine running conditions as
Max take-off power, stabilized power and emergency power. The maximum occurred
temperature was lower than 700°C. Fig. 16 shows the comparison between the
predicted and the measured values. The predicted data have been vdidated. A
predictive design tool for such a component was not available before.
Second campaign targeted on endurance test. 1000 cycles a Max take-off power have
been performed. A full control of the nozzle did not revea any defects.
Third campaign was redized to measure the acoudtic performance. Fig. 17. Four
different engine running conditions, Maximum continuous power, stabilised power,
Twin-engine take-off power and Idie power have been applied. A comparison between
the HORTIA gas exhaust nozzle and an exiging helicopter gector resulted in a
sgnificant noise reduction.
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Figure 16: Second campaign result. Validation of temperature simulation with measured data

Figure 17: Test set-up for acoustic measurements
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7 SUMMARY

The deveopment work has been finished successfully and provided the information for the
potential  replacement of heavy Nibase exhaust ducts by Titanium dloys The Titanium
dloys Ti6-2-4-2 and beta2lS have been investigated in detall related to the misson spectrum
of the hdicopter and the defined engine concerning high temperaure drength, aging
behaviour due to long-time exposure, oxidation characterisic, materid’s properties after
forming and weding etc, etc. Concerning the production techniques for the complex shape of
the noise damping exhaust duct the applicable processes and parameters for forming,
chemicd meachining and weding, have been eaborated. Superplastic Forming and Hot Gas
Pressure Forming techniques have been gpplied for the complex shapes of the integrd parts.
The assembly was by different welding processes as resgstance spot welding TIG and laser
beam wdding.

The described work has been conducted in the framework of EC FP.5 under the project title
HORTIA="Heat and Oxidation Resgtant Titanium aloys Application.

Acknowledgements

The authors would like to thank al the other European partners of the HORTIA project.
EADS CASA (Cadiz, Spain), INASMET (SanSebadtian, Spain), IST (Lisboa, Portugd),
NLR (Amserdam, Netherlands), TNO (Rijswijk, Netherlands) and TUHH (Hamburg,
Germany). The project HORTIA was embedded in the research activities “New Perspectives
in Aeronautics’ supported by the Growth Programme of the Commisson of the European
Community (Fifth Framework Programme for Research and Technologica Development).

8 REFERENCES

[1] Boyer, Roy; Wesh. G. and W. Cdllings, Materids Properties Handbook Titanium
Alloys, ASM, ISBN-0-87170-481-1

[2] Banig PJ and W.M. Paris, A High Temperature Mastable Beta Titanium Alloy TDA
International Conference, Orlando, FL, 1990

[3] Timet Brochure TIMET Beta 21S

12



	Knop2: 


