Proceedings of Mational Confarendse an
vasavi College of mw Hyderabad-31, AP

“Advances in Mechanical Engineering”

May 13-14, 2005

{AIM-2005)

MANUFATURING SIMULATION AND OPTIMIZATION OF TURBINE BLADE
DIE USED IN FORGING FROCESS

T. Madhavi' and A. Chennakesava Reddy’
'M.Tech Student, Dept of Mech Engg, INTL Callege of Engineering, Kukatpally, Hyderabad 500 072
*esocinte Professor, Dept of Mech Engg, JNTU College of Engg., Kuknpally, Hyderabed —500 072

Abstract:

The exact die cavity plays a vital role on the accuracy of turhine blade shape achieved. The co-
ordinate measuring machine was used 1o generate the geometricel information of various cross
sections of turbine blade. The curves related to cross sectional areas of turbine blade at varbous
heights were generated wsing AUTQCAD. Curves were smoothened by using UNIGRAPHICS
technigues. The optimized ool for roughing is diad2r2. Optimized method for finishing is on-pant.

I INTRODUCTIGN

Turhine and compressor blades for jet engines
and gas turbines are forged from high-strength
alloys and require closs control of the procsss
parameters. The forging process requires two dies
halves wiz., male and female. The design and
manufacture of the dies require  particular
attention to impart grometry 1o the final product.
For precision forging, the die surface must be
comected for focal elastic deflections and thermal
shrinkage. The design  considerations
accountable for the turbine blade die are:

&  All the vertical lines deﬁnini the ﬁxpng
profile are to be replaced with sloped lines
with draft angles to ensure separation
between the die and work piece without any
gripping or locking.

* The sharp comers could penerate high
siresses i the dies resulting in premature
fracture. If the sharp imbersections are
replaced with blend radii many of the
problems resulting from these imtersections
are overgome, The fillet and corner radii are
defined with respect to the die surfaces as a
consequence of many years experience.

*  Linless the forging shape dictates otherwise
the flash is placed centrally. The general
flash geometry is fairly standard in design,
being scaled in proportion to the forging
dimensions. The flash landing is typically
designed 1o have a length equal to three
times the flash thickness The inclusion of a
flash iz important for two reasons firstly 1o
aliow for variations in the thickness of the
forging =8 a resull of the process. The
amount of material that appears as waste in
the flash gutter varies inverssly with the

e

forging thickness. The second purpose of the
flash is to contrel the metal flow within the
forging. The material forming the flash
noemally cools faster than the main body of
the forging and hence resulis in the flow path
1o the Nash being the most resistant in the
forging. A comsequence of this  flow
restriction is that the metal is forced 1o take
an alternative route, the path of leam
resistance, which normally results o the
filling of the deeper cavities,

#  When there is a less metal flow over the
surface of 2 die the |ess wear that dies
surface would be subjected to. Therefore,
more forgings can be produced without
majar changes in the forging Dimensions.

* The forgings are generally made at a
temperature of 1150 to 1300°C. At this
temperature the maleral gets expanded and
when it is cooled to the atmespheric
temperature, i3 dimensions would be
reduced. Hence a shrinkage allowance is
added on all the linear dimensions

The exact dic cavity plays a vital role on the
accuracy of turbine blade shape achieved, Now a
days CADVCAM software tool has become a
sophisticated tool to simulate the manufacturing
process. A technique, which can extract the exact
die cavity through the turkine blade shape, is &
best femsible solution for qualitative and
competitive manufacturing of terbine blades. The
ahjectives of this work are:
#  LUse of blade cross sectional curves for the
exiraction of die cavities
=  Optimization of milling teols reguired for
machining the die cavity.
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1. METHODOLOGY

2.1 Modeling
The dies are designed arcund the blade profile.
Large amounts of informatios are needed 1o
define & complen blade profile.  Standard
drawings are normally accompanied by sets of
data representing cross-sectional profiles. The
cross-sectional data iz 10 be read onto the
compuier disk. The stored cross sectional data is
then converted into spline forms. The curves
relsted to cross sectional areas of turbine blade at
various heights were generated using ALITOCAD
because Aute-CAD is the cheapest software when
compared to LINGRAPHICS {LMG),

The co-ordinate measuring machine was used to
generate the geametrical information of various
cross sections of turbine blade. While taking
point information, Z- coordinate  was kept
constant. At different values of Z {at different
heights of turbine blade) the point information
was collected. This pomt information would be in
the form of coordinates. By using  this
information the curves were generated as shown
in Figure.Z. These curves would represent the
cross sections of turbine blade ar  different
heights. These curves were used in developing
the turbine blade. Steps for developing the
turbine blade die curves are given below:

*  According to parting plane location the blade
curves were divided into two parts. One
related 1o male die and the other cne related
to female die.

¢ These curves were offset according 1o the
allowances to be given.

+  Provisions were made for flash and gutter
landds.

+  Drafis were given for the curves.

#  Fillet and corner radii were provided where
twa ar mare surfaces meet.

By considering the above all factors curves for
fersale and male dies were produced as shown in
Figure., The  surfaces generated by the
AutoCAD curves would not emooth. Curves were
smoothened by using UG  techniques. The
commands like throw mesh curves were used for
developing the surface. By using the same

‘pommand, the surfaces at root and pin were
generated By using sew command the sheet body
wag converled into solid body (Figured). Two
surfaces were extracted from two sides of
maodeled component. These surfaces were used in
core cavity extraction. The required size of blocks
was taken according to sizes of core and cavity.

These blocks were trimmed by using extracted
surfaces. After trimming the blecks by surfaces
both core and cavity were obiained (Fig. 5 and 6).
1 o
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Figure,]1 Turbine blade drawing !

Figure.2 Cross sections of turbine
blade st different heights

1.2 Machining

The basic seiup procedure before the generation

of toal paths is as follows:

+ Viewing the model and setting the machine
coordinate system (MCS)

# Material block definition
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# Cutting tool deffnition

+ Feed rate and spindle speed seatings
+ Rapid move heights

+ Tool datum

In machine setup, the model was foaded in to UG
manufascturing It was adjusted so that whole
model (i.e, cavityp iz wvisible. Mext the block
definition was given i.c. the block was created by
offsetting the bottom fece wp 1o the total height of
the model. Clamping was used foe bolding of the
core kolder an bed (Figure. 7).

Using various tool paths, different roughing
programs were performed. Varoius tool paths
were used to obtadn different machining times
and different amount of machined areas (Table-
1). From these different tool paths the optimized
ane was selected. After sclecting the optimized
path the programs were gemerated with the
optimized path by changing the different taals.
From these programs the optimized combination
was taken for the roughing operation.

For semi finishing operation dia20bne tool was
used. In this stock material was taken lesser than
that taken in roughing. In this method material
wae removed along vertical walls, For this
constant Z-leve] |e. vertical milling was used. In
finishing operation the total left over material in
the semi finishing operation was removed. That
means in this stock material was zero. Finishing
operation was performed by using different drive
methods (Table-2).

Figure.3 Cross sections of
turbine blade at different
|'|E|||;'!1!s

Figure.5 Female

Figure 6 Male die

Figure. 7 Clamping of the die

Table:1; Roughing operation with diarl tool

Method  [Fig [Eig-rag Periphery

Siep aver  [2imm 25mm [25mm

[Step down  [2mm 2mm |2mm

|S0ck 1mm 1rmm « |l

Feed rate  [2000mmimin [2000men/men n-|

Mo cutying 500 mm/men [3300 mam/min [$300 mmmin |

Feed raic 1
" [Tiene taken [1(.64hr [9.543hr 10.39 |

[Tool path  [127210mm  [9106Cmm NEIT30mm |

Bengsh r

Table-2: Finishing by on plane drive method

[Tool Dia2lbnc  [Diedlhoc  [Dea20bne

we Method  [On plane fom part |Spiral

Shep over Imm Imm Imm

(Bmck fmm flimm fmm

l'I_=-.-IIJ rabe 1i0mmimn [L3mmimes [1500=simin

Mo culbmg FwﬁTEi:.!I' mmmie (00 mmime [H000 mey'mim

g

ITime taken 10.43hr 9. Efihr 14.83hr

\Tocdl path length 63600 mm  HMIEAZ0mm  |[hIS030mm

Figure 4 Tarbine blade

i

3. RESULTS AND IMSCUSSION

3.1 Optimization of Tool and Method for
Roughing Operation

The optimized method for roughing is periphery
(Tabel-1). Zig method iz taking more time when
compared 10 zig-zag method. [t is only one-way
cutting. The unmachined area is more. Where as
periphery method i3 also taking more time when
campare to zig-zag method but in zig-zag method
in every pass tool 18 touching wall of companent.

Gz
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In periphery method the machining would start
from center and from onwards along the
periphery. 3o every time 1ol is not touching the
component. The machined area is almost same
for zig-zig and periphery (Figure, B-10), .

The optimized tool for roughing is diad2rl. In
this, operations are performed keeping  all
parameters constant except changing tool. For all
the tools time faken was same. But while wsing
teol diallel the left over material would be mare
due ta high step over. In the same way the bigger
toal would not go inte the coeners and into
channel sections resulting the left over material
would be more. When compared to these two
iools the machined area is better by the tool
diad2r2, So when all parameters are constant tool
diu32r2 is a better solution (Table-4),

3.2 Optimization of Drive Method for
Finishing Operation

Owptimized method for finishing is on parr. [n this
generally stock material is taken as zero. That is
ne left over material should remain after this
operation. For finishing operation different drive
methods are used like en-plane, on-pant and
spiral, Cienerally om-plawe is useful for those
cavities, which are not having more ecorner radii
sections, whereas spiral 15 suitable for circular
cavities,. Cwm-parr is suitable for those cavities
having irregular sections with differed corner
radit. Here for turbine blade diameter on-part is
suitable. The machining would start from the top
mast plane and continue toward bottom side by
removing material which was left over along with
walls and floar. That means while machining 3D
length must be considered. Therefore, for the die
cavilies en-part is preferred when compared io
other methods (Table-5).

4. CONCLUSIONS

The following conclusions are drawn from the

present werk:

1. Modeling should be dome properly for
getling required corner radii and accuracy

2. Smooh surfaces on turbine blade are
obtained by smoothening the curves that are
imparted from AutoCALD.

3. Machining time and machined area are

depended  on tool path  selection, The

optimized tool for roughing is &Had2r2,

Optimized rethod for finishing is en part,
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Figure.& Unremoved maserial by dia20rd

Figure.9 Unremoved material by dia32r2

Figare, 10 Uinrema ved material by diad et
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Table-3: Showing time taken for machining by different methods
— Siep Jsam-.k Siep | Time | Tool Pah FecdRai s par
name cthho \Cvertmm Y (rem) |Down(mm ) Taken (hr)| Length {m} i irevmnsin}
PiZra |Deadari| =g FE] 1 Z T064 | 127210 | 2000 3500
RiZr2 | Dhnd2cl | rigzag | 28 1 2 034 91060 | 2000 3500
[ M3 | Diadard | Periphery | 25 1 3 1030 | 383720 | 2000 3500
Tuble-4: Showing and machining times by using different tools
| Time | ToclPa NonCuting |
Em“ﬁ‘““ Tool | Method |"'I it ?r:c“‘; S!tpDu'n{w Taken | Length e]:-.mmwmin] Feedfate
() {m} {rmymin}
R3Zrl  |DnadZri| Periphery | 25 1 1 10.39 | 383730 000 3500
R20r2 | DHadird 1 23 [ 2 10.3% | 383730 2000 3500
Rlirs | Diadlrd i 15 1 2 10.3% | 383730 20000 3500
Table-5: showing machining times by different drive methods
Frogram | Tool | Method [Step aver] Stock | Time Taken | ToealPath FeedFate | MonCutting
name {mm) | {mm) {he) Length {mmsming Feed Rate
(meter] | (miming
Jiknc-plan  [20boe  [On-plane 1 [i] 509 G26030 500 [
Elﬂbn:-pm lg_l:lbnc [On-part 1 0 5.86 4308620 3500 000
[F20bne-spiral [20bne _[sprirnl 1 i 14.81 B463910 3500 [T
B A R

i




