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Attention : the MANAGER

Subject : Engine factory prbcessing Data.
Turbine blade Production.
Dear Sif,

Enclosed herewith please find three copies of "Interim report on

Turbine Blade Production for ATAR Engine‘" with one copy of creep test piece

drawing 55 and Turbine Blade Material sheet document N2 YIK II985.attached.

Yours faithfully,

G.H, FOSTER

HAK/SG
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INTERTM REPORT ON TURBINE BLAD

PRODUCTION FOR ATAR ENGINE,

This report will be wrilten under three main headings, namely l—Materlal,
2~Forging, &nd3-Machining and Processing at SN&CHA.

MATERIAL

The materials currently being used, and specified for ATAR 9C and
ATAR 9K engines, are as follows.

Material for Turbine Blades ATAR 9C.
L.P. Turbine Blade 2nd Stage :

Nimoniec 93 - NCK 20 T A u or v, Spec. DTM 107-74.
H.P. Turbine Blade 1st Stage :

Little udimet 500-NKCD 20 AT u, Spec. DTM I07-95.

Material for Turbine Blades ATAR 9K,
L.P. Turbine Blade 2nd Sage : _
Udimet 500 - NKCD 20 AT w, Spec. DTM I07-99.
H.P. Turblne Bade lst stage :
Udimet 700 - NKCD 20 AT x, Spec. DTH IO7—9§

N.B. See SNECMA document n@ YIK 11985, attached to this report, in confirmation
of the above detail. .

Nimonic I00 was used in the early stages of ATAR 9C High Pressure
1st Stage Turbine Blade production, but has since been replaced by little Udimet
500. Confusion could have arisen, on this sulpct, in that both Nimonic I00.and
little Udimet 500 are known by the same material code designation, namely
NKCD 20 AT u. Specification DTWM I0T7-95 and the attached document n® YIK 11985
isquite clear on what material is currently being used and required for this
forging.

FORGING

The following is a brief summary of turbine blade forging production
for ATAR 9C and ATAR 9K engines, as carried out by the various forgers.

' AUBERT & DUVAL (France)

~Turbine blade forgings, in production quantities, have been supplied for both
stage 1 and stage 2 ATAR 9C engine.
~Turbine blade forgings have been supplied for both stages of ATAR 9K engine, but
it is not known if these were in production quantities. They were not supplied

- as precision forged blades.




S5.0.3.C.M.A. Forge at Gennevilliers.

—the only turbine blades that have been produced for ATAR 8 or ATAR 9 engines,
at SNECMA Gemnevilliers plant, are a small production quantity of Znd Stage
ATAR 9C blades for type testlng and approval. Technique approval has just been
granted.

~SNECHMA have recently completed a licence agreement with UTICA in America for
forgings techniques for production of turbine blades. mqulpment arrangements are
at present in progress at. SNECMA prior to commencement of forging using techni-
ques resulting from this licence agreement.

It is proposed to produce both L.P. and H.P. turbine blade forgings
at the Gennevilliers plant for ATAR 9C and ATAR 9K engine.

UTICA in America.
H.P. turbine blade forgings have been produced in Udimet 700 by UTICA as a preci- |
sion (close to form size on the aerofoil) forglng. Udlmet 700 is reported to be
a difficult material, to machine.

MACHINING AND PROCASSING AT SNACHA.

411 machining and processing of turbine blades is carried out at the
SNECMA Kellermenn Factory. :

Acceptance Testing. .

411 turbine blade forgings are subjected to a routine acceptance testing procee-
dure prior to being accepted into store. The forgings are recelved in the solu-
tion heat treated condition.,

Acceptance testing details would appear to be well documented in the form of
DTM specifications (not yet translated into engllsh) A grain size examination
is carried out, but only on a low percentage bases. A grain size standard is
specified, but it is not a difficult one to comply with. There is an elongation
‘requirement on the creep test, and this is considered an important property to
be complied with. While it is not known for certain at this stage, but this
elongation requirement could be the reason for the particular care SNECMA take
in preparing the creep test piece. The blade is first sectioned and then fully
aged. It is then machined in a lathe to finished size plus grinding allowance.
The gauge length is then ground with strict control on the following conditions -
amount of metal removed, speed of wheel RPM, lubricant, and wheel condition.
From what is understood at this stage, three test pieces are machined and ground
from each test blade. Two are used for creep test. It there is any doubt as to
test piece preparation, the third prepared test piece is given a heat treatment
of 16 hrs. at 8502C., and then etched all over in fwys reagent. The gauge length
“is then carefully inspected for surface cracks. It any are present, the results
of the other two tests are discarded.

‘A copy of the test pece drawing (55), as used for ATAR 9C and ATAR 9K turbine
blade forglngs, is attached for information.




‘SHOP OPERATTON SEQUENCE.

The follow1ng is a very condensed summary of manufacturing: operatlons
for Ist Stage B.P. Turbine Blades.

Mill
v o
Ist Age 8 hrs. at 8502¢C,
V .
Mill
2nd Age 8 hrs. at 8509C.
V .
Mill
v
Grind
v
Slectrolytic etch.
\
Inspect
v
zZyglo
v
Inspect
v : _
3rd Age 3 hrs. at 8502C.
I6 hrs. at 7602C.
-v- .
Acid clean
v
Vapour . blast
v
Shoot peen root.
v
. Inspect
v
Store,

N.B. There is no electropolishing, High temperature skin annealing, or grain- size
evaluation carried out on any turbine blades during production, at present being
produced by SNECMA., :

The oprational sequence for the 2nd stage L.P. turblne blade is very similar to
the H.P. The lst and, 2nd ageing treatments are carried out at a.lower temperature,

and the 3rd age is dispensed with altogether. -




" . .
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PROCESSING NOTES : .
‘Ageing. In regard to the ageing treatment = no clear reason can be given for the
three stage treatment.

Skin Anmmealing. SNECMA are very much- agalnst any form of high temperature skin
annealing treatment, as they claim this can lead to undepirable grain growth
and a reduction of creep properties of the core material. They prefer to keep
cold work down to a minimum, by control of machining operations where possible,
and where it is found necessary. (L G. see spec, DTH 81=-35 on grlndlng of fir
tree roots of turbine bledes.) The -two and three stage ageing treatment, that
is carried out during production, is thought to be introduced to assist in
overcoming cracking or surface crazing effects characteristic of nickel based
alloys with a heavy work hardened surface when subjected to an ageing treatment.
#lectro—polishing. No reason has been given why this process has not been used
for surface finishing of turbine blades. It was stated that it was not favoured
as a "aid to inspection", as it presented too bright a surface for viewing and
was too searching in that it revealed minor defacts in magnified form. This
tended to confuse the issue of evaluation.

Blectrolytic etch and zyglo.
These operations are considered quite adequate to reveal any defects for consi-
deration -~ what these tests cannot reveal has so far been proved, by experience,
as to be unimportant.

Shot peening. .

The equipment at present in use for thi8 operation was constructed at the Xeller-
mann plant. There is nofling involved in the design or construction. Briefly, it
consisted of a cabinet, approximately 30" X 30" X 30", with the shot peening
nozzle of the gun protruding through the top of the cabinet. Directly below the
nozzle is a adjustable height pedestal on which the root of the turbine blade to
be peened is rested. Compressed air, ex. the shop supply line, via. a standard
pressure control valve and pressure gauge, is supplied -for the operafion. The
operator presses a foot switch which automatically starts the shot peening
operation. After one minute duraljtion, it is automatically switched off. The
blade root to be peened is held by the operator on the pedestal for the cycle
period on one side of the fir tree root, and then turned over for a repeat
cycle on the other side.

The conditions required for this operation are :

Distance of nozzle of gun to blade root = 150 mm

Pressure =3 kg/cmZ.

Time = 60 seconds for each side
of root.

Steel shot

grade 30,
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