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ABSTRACT

The on going improvement of operational capacities of helicopters, whether civil or
military, together with the decrease of operating ond manufacturing costs, are still the
prevailing factors, guiding the manufacturers in their technical choices.

These choices are all the more important when they concern sophisticated dynamics
componants such as Gear Boxes, whose vital function, level of reliabliity io be maintained
and use under extremely severe conditions, have a significant influence on the operating
costs.

As regards this subject, significant research efforts have been made over the past §
years, to improve resistance to corrosion of Gear Box housings.

Within this scope, a new ytrium-based magnesium alloy called WE43, associated to o
protective freatment of the anodize type (HAE), has led to a significant breakthrough
which is the best weight / performance / cost trade off.

Validating this technology by' opplying 1t on " full size " parts and studying its
characteristics on them, with the help of several parinersiike founders, cooperating firms
and sub-contractors, makes possible its application on the reduction housing of Gear
Boxes on the new in-development helicopters. This technology could also be retrofited,
should there be an opporunity, to commercialized helicopters.

Associating the new WE43 alioy with HAE protective treatment will allow the following :

- notably Increase the TBO (Time Between Overhaul) of Gear Box housings,

- significant cutting down of the operating ond recionditioning costs of such assembilies .

- optimizing the design concepts.
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INTRODUCTION

The need to reduce weight has generdlly led Eurocopter designers to select magnesium
alloys to manufacture gear box casings from foundry blanks for the in service helicopters
{from 2 to 13 tons).

The long operational experience ocquired over thirty years, thanks to a very extensive
and systematic analysis of data obtained through the connections with our customers
ond the proctice of helicopter gear box overhaul and reconditioning, heiped to analyse
the behaviour of this mognesium technology.

As regards the new generation of helicopters: Tiger (5 1), NH9O (10 t) and EC120 (1.5 ),
the decision o select those materials rather than aluminium alioys which are glso foundry
made was ¢ significant one.

This Is why the search for more efficient solutions as regards corrosion resistance as well
as the improvement of mechanical chorocteristics has led to the evaiuation,
charocterisation and validation, compared with new aluminium technologies, of .

- protections based on the anodic oxydizing principle offering thicker and tighter
iayers ,

- the new alioys (WE43, AZ91HP) that were developed over the last few years
compared to the basic alloys RZS (or ZE41},
This paper shall present :

- the cppﬁcoﬂons and GhCﬂySiS of the design cholces made for pcrfs In IT\GQHGS]UI'T!
alioys

- Eurocopter experience of operational behaviour ,
- a summary of the studies undertaken on the new alioys and protections ,
- the appiications planned on new helicopters being developed ,

- conclusions and perspectives for the future |
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I. MAGNESIUM ALLOYS ON HELICOPTERS
A status of the existing applications. technological characteristics and magnesium

solution, and then a comparison related to the design cholces, form the subject of the
present chapter.

1.1 Applications:

in most cases, they Involve casings, housings and covers of main, tall, Infermediate
and accessoty gear boxes (¢f. Fig. 1).

AN GEAR B

Fig. 1 - Localization of housings in Magnesium alloy on an helicopter

They are vaiid for commercialized EUROCOPTER helicopters .

1.5 10 2.5 t category . Aloustte and Gazelle family Ecureult and BO 105 family

4 to 6 t category : Dauphin, Lynx family
8 to 10 t category : Puma and Super Pumao Mk 1 & 2
12 to 13 t category : Super-Frelon

Whatever the version may be : chil, military or marine.

3703



1.2 Technological characteristics

- The basic grade selected was zirconium alioy RZS (or ZE41) because lt offered the
best compromise between casting, health, mechanical characteristics and cost,

- Gravity casting in sand moulds (cf. Fig. 2) was the only method practised for the
development of blanks by the different foundries retained (mainiy In Europe), whether
the origin of the manufochures was intemal, cooperafions, licences or sub-contracts.

#7C0os + 27 SE,

LLL LT 7L

FIg. 2 - Conventional Gravity Pouring

The protection was odapted, occording to the zones. from a “standard”
nomencigture ;

- chromatation ,

- sealing with an epoxy-phenolic vamish ,

- chromate primer ,

- finish paint .

1.3. Comparison between magnesium and oluminium technologies

As far as Eurocopter is concemed, the design of ¢ casing is associcted to the
consideration of different constraints (cf. Table 1) : '

- Welght constraint ,

- Rigidity constraint to retain an excellent meshing quality as a function of the torque
fransmitted ,

- Resistance constraint in vibration and low cycle fatigue mode in those areas
subjected to high dynamic stresses (MGB struts and servo-control attachment; loads
applied at MGB input and output as well as attachment pick-up on fransmission
deck) ,
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- Dynamic constraints at the accessory gear box atachments: optimization of shapes
to avold local eigen frequencies related to gear box operdtion ,

- Environmental constraints associated to atmospheric and galvanic comosion effects,
- Operating constraints at high temperature upon loss of lubrcation |
- Implementation constraints .

- Minimum wall thickness upon casting
- Machining and suface treatment

Of all those constraints, weight Is paramount in most gpplications and magnesium
density is, without any doubt, an odvantage in this cose.

As an example, selecting magnesium for TIGER IGB and TGB casings helped save
approxdmatety 3 kg (30% ) while improving the helicopter's center of .grovily.

Furthermore, a study undertaken with the main MGB casing in 332 Mk2, which Is more
complex and voluminous, demonstrated that selecting magnesium  saved
approxdmately 10% l.e. 8 kg max.

As ¢ consequence, Eurocopter aftempted 1o retain this advantage over aluminium
alioys while dlleviating those well known draowbacks of conventional rmagnesium

alloys and their protecthons.

Parameters Mg (RZ5 or ZE41) Al (AS7G0.6 or A3s7) Romarks
Casting (gravity, qood lost wax casting
sand mould) good possibie with Al
Health medium medium depends on foundry

(Al more sensitive)

. . grecater thickness
Minimumn thickness 410 5mm 3to 4 mm reduction capability
{web) with Al

) limited precautions
Machining eqsy eqasy with Mg (fire risk)

. . basic protection
Protection Chemical + vamish | electrolytic (chromic more efficient on Al
seqling +paint anodizing) + paint but with pitting risk
Physical
characteristics
d (g/cm?) 1.8 2.7
a (107K 27.0 23.0
Mechanical
characteristics
UTS (MPo) 200 280
Y15 (MPa) 135 220
A% (%) 2.5 3
E (GPa) 44 75
of bare metal (MPa) 70 +B6
of protected (MPQ) 265 275
Material cost ZE4Y is 10% more expensive than A3S7

Table 1 - Comparison between Mg and Al technologies

17-05




2. EURQCOPTER OPERATIONAL EXPERIENCE

More than thirty years of in-service experience in more than 120 countries all around the
world and very diverse operating conditions allowed a redglistic analysis of the behaviour
of magnesium alloy casings and the improvements that need to be made.

2.1. Results of the anaglysis of data In use

Should one take the operator piace and consider scheduled maintenance operations, it
can be stated that the corrosion sensitivity of magnesium alloys

- only generates a very low percentage of premature removals, "Marine™ applications
included (analysis performed with French Navy Super-Frelon and Lynx helicopters)

- does not increase, compared to aluminium pars. the number of maintenance
operations i.e. perodic inspections, touch-ups and repairs defined in the Standard
Practices Manual.

On the other hand and as far as scheduled revisions are concerned, corrosion damage
Is more extensive and localised In sensitive areas defined above, in particular in those
assemblies where the protection and sealing operations have not been properly carrled
out by the user. This accounts for the need of specific precautions in every juncton areq,
such as mating plane, housings, water refention areas and dissimitar material contacts,

A corroded area example is shown in the photograph below (¢f. Fig. 3) In g cover
locating area.

Fig. 3 - Corroded area example
in a cover locating area

The damage noted per helicopter and area concerned is summarised in the following
table (cf Table 2 ).

in the next table is given an example of corroded areas on an 1L.G.B. / Super-Puma 332
MK (cf. Fig. 4).

This analysis shows the impact this type of damage may have on overhaul and
reconditioning costs. ‘
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.
HEUCOPTER P, % REPAIED ANO/OR
ART (HOUSING ) : CORRODED AREAS
Ecume 355 ComiNine oo T0% Rep. or Soxmp, Exdemoi postionitg Diones
DL Crecrs
M.G.B. houting 50% Rep. Boema positioning tiones
M.G.B. nput houtng T00% Rep. of 80% Scrap. | Guimboal joint iting (Bushes
Bovel Qeox hOusIngG
M.G.E. Output housing 10 to S0% Rep. Boving naed to pOSHonIng
plone
Dotrvn Upper cover
SO% fng. Ol sight leve! boring
TEL. housng 20% Rap. Machired kaces
100% Bep. Apioion theead ot cron
doAtom MG.B. housing 0% Rep. Extemal positioning plones
PUsas, AND CO% Rep. Off sight levet bodng
SUPER-PUMA, LG8, housing 20% Rep. AROCh 1ob ity + irkemc|
fooe
75% Rep, Clomp atachment hole
Table 2 - Damage noted per helicopter and area concemed
A

IGB 332 MKI

1

Conosion o he
TNACh W B

Fig. 4 - Example of comoded areas on an MSB/Super Puma Mkl

2.2. Analysis of improvemnents

The above analysis has led Eurocopter to make a number of improvements between the
first and serc:onr::(!s helicopter generations (Super Puma Mk2, Tiger) based on a better
definltion/design approach, that is improvements (cf. Fig. 5 & 6) in accordance with
drowings (suppression of water retention areas), the selection of materals and
protections in contact for bushes and aftachments, a reinforced protection in sensitive
areas summarnised in the following chart (cf. Table 3).

1707



Those improvements were intticted in the cument helicopter range ond the most recent
generation, in parficular, from Dolphin 3656 N and 366 G to Super Puma Mk 1 and 2.

ALDUETTE / PUMA Bt Dowri / Sueer- Ticer
PUMA
As Surface eatrment chiomatation
AREAS Paint cooked
. " Pyroioc (3 kryers)
Anishing (Top Epoxy primar with  strontium chwomat (1 ko)
coat) Nitrovieylic (1 kayer) Polyumthane
NBC
Suriocn tectment chrormatation
Epoxy prirmer with I coart of point 1 kryec ou | coot
MACHINED AREAS shontium on mating (non systematic) on faoss and
cheomato suataces upan fooes borings
. on bolts, screw  heods, stuck,
apphying meing  safaces
Table 3 - Evolution of protection on magnesium parts on helicopters

System of protection improved

Fig.5 - Optimization of the protection

‘i

Avold water frapping M8 -~

Optimize assembly mode

Fig. 6 - Optimkation and reinforcement of the design/definition
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3. SEARCH FOR NEW SOLUTIONS

Since magnesium agalloys are also of interest for welght saving reasons which are
increqsingly toking priority, enhanced corrosion protection solutions hog to be found for
the new generation helicopters.

New materials and profections had first 10 be evoluated and the two technologles then
had to work In association,

Validation was first performed with specimens and then with probatory parts.

Furthermore, the bibliography, the contacts made with MEL as well as European and US
foundries indicated that most helicopter monufacturers hove also  studied and
manufactured parts associcting new olioys and protections of the anodic oxidizing type.
This comforts our choice and anticipation for future applications in this field.

3.1

New afloys

Based on the studies aond developments undertaken over the last few years, fwo
alloys (AZ91HP, WE43) were selected for specific tests (charactersation tests on
specimens), and the ythium-based magnesium alioy WE43 (cf. chemical composition
chart in Table 4) was rapldly selected because it offered the best compromise for s
properties and characteristics as ¢ whole :

- a metallurgical health equivalent to that of reference alloy RZ5 but much better
than that of alloy AZQTHP (porosity and micro-comty sensitivity)

- static mechanical choracteristics higher ot ambient temperature, and especially
around > 120°C (no T.U.S.. T.Y.S. characteristic drop up to 250°C approximately) ,

- safisfactory welding repairability provided appropriate heat freamment s
odopted ,

- Improved fatigue behaviour (+20% approximately) compared to alioy RZ5 and
AZSIHP for o same foundry quoitty (cf. Table 5),

- gtmosphenc comrrosion resistance equivalent o that of alloy AZ9IHP and much
higher than that of alloy RZS (or ZE4A1) @s shown in Table 6,

- galvanic corrosion sensitivity in the presence of dissimilar materials, lower than
that of alioy RZ5 (or ZE4Y) .

Y R.E. Zr Zn Fe Cu Mn Si Ni Ti Pb Mg Al
Si Be
{;Ez451 ) - 075-175| 04-4 | 35.5 | s001 | 5003 $0.15 - - . base $0.01
A&?j . - . 04-10 1| <0005 | 003 {017-035| 503 | <0001 - base 8.1-93
WE43 | 3.7-43 | 24-44 | 2004 - - - - . N - Bese =
AS7G
0.6 $0.05
(A3:57) - - 501 502 <01 501 65-75| 5005 |foreach | 0.45-07 | base

Table 4 - Chemical Composition of cast magnesium and aluminium alloys
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Fatigue limit
U.T.S. (MPa) |Y.T.S. (MPQ)| A % (%) E (GPa) R = -1 (MPa)
Kt = 1
RZ5 T5 + 60 to = 105
(or ZE41) 200 135 2.5 44 )
AZ91 HP T6 215 115 3 43 + 85
WE43 T6 220 172 3 45 + 120
AS7G 0.6 T6
(or A 357) 280 220 3 75 + 86

(*) Scattering function of foundry

Table & - Minima Mechanical Properties of bare cast magnesium and aluminium alloys

Heures 350

350

300

250

200 200

200

150

100 | -

100+

50 50

50—

WE43 bare

AZ91 HP bare

AS7G 0.6 (A357) bare
WE43 + chromatation
AZ91 HP + chromatation
AS7G 0.6 + CAO sealed

RZ5 {ZE41) + chromatation

Table 6 - Corrosion behaviour of cast Mg and Al alloys, machined and exposed in salt spray (NFX 41-002)
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In a second phase, feasibility was demonstrated with parts from different foundres
and two casting processes (gravity and low pressure); this heiped :

- check the satisfactory casting of this alloy with a same process and tooling
(mould designed for RZ5), os well as o fimited modification of the industrial
process (inerting, power supply and cooling devices) .

- confim its metaliurgical health and mechanical characteristics compared to
RZ5 after cut-out ,

- giimpse the capabilities of the low pressure process (cf. Table 7} :

- enhanced material heatth ,
- enhanced level and homogeneity of characteristics |
- improved control and reproducibiiity (automation) .

Below is an Hlustration of the new low pressure casting processes as well as images
of the parts manufactured (cf. Fig. 7 to 10) .

WE43 76 AS7G 0.6 T6 (or A357)
U.T.S. Y.T.S. A% U.T.S. Y.1.S. A%
o (MPa) {MPa) (%) (MPa)} {MPa) (%)
amples
gravity 250 190 7.4 - —_ -
Part/gravity 260 200 5 320 270 7
Part/low
pressure 290 220 7 - - -

Table 7 - Comparison gravity / low pressure process - Typical values
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Fig. 7 - MEL Casting Process (DPSC)

ey s J . -

Fig. 8 - MESSIER Casting Process (REDEM)

Fig. @ - First reduction housing
of the MGB/Dauphin

an

-
H P63
i ns -
i Zones Designéos,
i Senignated e
LA
165
.
1
I 61,5
¥

Fig. 10 - Upper cover and housing/
accessory reduction box (TURBOMECA)
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3.2 New protections

Since In-service experience has demonstrated the limitations of the conventional
dichromate treatment some microns thick vis & vis corosion resistance, a search
was undertaken for processes based on anodic oxydizing (comparable to chromic
and sulphuric anodizing for aluminium alloys) that would ensure relatively high
thickness layers (10 to 30 microns) as well as a significant increase in superficial
pboth characteristics being favorable for resistance to wear by micro-
friction or fretting comosion.

hardness .

Three different processes were retained for a first evaluotion and characterisation on
specimens (feasibility, dimensions, corosion and fatigue) :

- the DOW17 process (acld bath) used for several years on magnesium casings
omong others in US. helicopters (Sikorsky, Boeing, etc.) ,

- the HAE process (alkaline bath) mainly used in the automotive industry (Ciutch
casings and gear boxes) ,

- the MAGOXID process (alkaline bath) developed and patented by AHC iIn

Stuttgort.

A synthesis of the trade-off analysis for these anodic ftreatments on cast

magnesium alloys is given in table 8.

Anodic ; Thickness : . Installation
coating Bath Constituents Coating | Touch-up Make-ability
Ammeonium hydrogen
DOW 17 [fluoride, sodium 8y t0 404 | Porous No Easy
dichromate phosphoric
acid
Potassium hydroxide,
HAE aluminium Potassium Very Not so
Fluoride, Sodium 5410 404 |  porous Yes easy
Phosphate, Potassium
Permanganate
Advanced |Mineral Acids, Not so easy
Magoxid | phosphoric/boric acid, =20 § porous Yes but patented
organic substances

Table 8 - Comparison of some promising treatments for cast magnesium alloys

Above mentioned characteristics associated t0 mechanical tests on RZ5 alloy

cliowed :

- to check the significant corrosion resistance improvement offered by this fype
of treatment (anodic oxydizing), when the porosities inherent to formed layers
are sealed with resin {cf. Fig. 11 & 12),

- to check that there is iithe influence on the fatigue resistance of the material,

- to select the HAE process

offering the best compromise
performance vis a vis corrosion and ease of implementation, with the capability
to repeat the treatment several times or to proceed with a local freatment
without complex application procedures.
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Fig. 11 - Porosity of the HAE Layer on Fig. 12 - Cross-section of an HAE layer +
machined part (observed with SEM) surface sealing (varnish)

Once the HAE process was selected, this study was completed with feasibility tests on
parts {Dauphin MGB input casing and Tiger MGB upper cover), These additional tests
helped check that this type of treatment Is easy o apply but will impose however, for
each new application, a preliminary study of the feasibllity part to define exactly the
machining process lay-out and the dimensions area by area. This is to take into
account the ‘swelling resulting from layer formation estimated to represent
approximately 2/3rd of this layer’'s thickness,

The HAE protection is today applled in producton In the first reduction casing of the
Dolphin Main Gear Box made of RZ5 (or ZE4T alloy).

3.3 New WE43 alioy / HAE protection assoclation

Judging from the results and conclusions of the preliminary tests performed on
materials and protections, the selection of WE 43 clioy + HAE protection was
evident and is covered In the last phase of this study where its oplimum
behavicur Is confirmed:

- conosion resistance higher than or equal to that of foundry made
aluminium dlloys (AS7G0.6) protected with chromic anodizing (specimen) as
shown in Table 9,

- feasibility (machining. protection) equivaient to that demonstrated with alloy
RZ5 In the Dolphin MGB input casing ,

However, one notes g slight fafigue resistance reduction of alloy WE43 caused by

HAE protection, which remains nevertheless equivalent to that of alloy RZS (cf. Table
10).
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850
800"
750
700
650 —
600 -
550 —
500 -
450 —
400
350
300
250
200
150
100
50—

= 900

> 600

48

"

0

Table ¢ - Corrosion behaviour of cast Mg and Al alioys, machined and protected, then exposed in salt spray

ZE41 + chromatation

ZE41 + HAE + chromatation
{not sealed)
ZEA1 + HAE + chromatation +
varnish seqling
WEA43 + chromatation

300

20

WEA43 + HAE + c_hromotoﬂon
WEA3 + HAE + chromatation +
varish sealing

(NFX 41-002)

A357 + CAQ (Sealed)

350

Protection Type of Test O (MPa)

Chromatation Flat Bending 100 + 69
RZ57S Chromatation Rotative Bending + 60 to + 105 (*)
(or ZE41) HAE (30 um) Rotative Bending + 96
AZS1 HP T6 Chromatation Flat Bending 100 + 68

HAE (30 um) Flat Bending 100 = 50

Chromatation Rotative Bending +110
WE43 T6 HAE (30 um) Rotative Bending + 94

Chromatation Flat Bending 120 + 80
AS7G 0.6 T6 CAQ sealed Rotative Bending +75
{or A357)

(*) Depends on foundry quality

Table 10 - Fatigue behaviour of cast Mg and Al alloys on samples
(without overstress : Kt = 1.035)
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4. APPLICATIONS TO PARTS BEING DEVELOPED

The file composed from the different studies and investigations heiped tUROCOPTER to
select magnesium WEA43 + HAE protection as the best compromise for most of the gear
boxes installed in the new generation helicopters from the development phase.

Thus, a small cost penally is agpparent on the production cost, it is acceptable because
of :

- weight savings compared fo aluminium and equivalent corrosion resistance,

- attractive economic fallouts for users with

- Notficeable reduction of revision costs with limitation of repairs and discards from
the first revision (the obiective is - 80%)

- Significant reduction of maintenance costs (the objective is - 50% of casing DMC).

Thus, several applications are already planned for new helicopters being devebped' : '

- Casing and cover for NH90's TGB (cf. Fig. 13)
- Main casing, sump and input cover for EC120's MGB (cf. Fig. 14)

Fig. 13 - TGB housing/NHSO : Fig. 14 - MGB housings/EC 120 .
Wed3 + HAE casted by REDEM Process WE43 + HAE casted by DPSC process
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NCLUSION

The studies and work undertaken with magnesium technology for gear box casings
helped with ¢ progressive approach ..

- Evaluation of part behaviour in operation

- Evaluation and characterzation on parts of new and more efficient alloys associated
to recent évoiuﬂons In foundry processes .,

- Development and wvalidation of new surfoce treatment concepts resistant to both
conosion and wear

-. to find a solution meeting future needs to a same extent as the aluminium technology
while saving weight,

As far as Eurccopter is concemed, there Is no doubt that the research and development
results comfort the maoagnesium fechnology selection for most future gear box
applications, However, efforts shall continue In this expanding fieid with improvements that
can aready be envisaged as regards:

- Low pressure casting process ;
- Metal Matrix Composites (particle reinforcements ond long fibers) .
- Surface treatments (TAGNITE process recently developed in the U.S., in particular) |

SYMBOLS
CAQ, Chromi¢c Anodic Oxydation
DM.C. Direct Maintenance Cost
.G.B. Intermediate Gear Box
M.G.B. Main Gear Box
SEM. Scan Electronic Microscope
1.8.0. Time Between Overhaul
1.G.B. Tail Gear Box
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