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Here are considered the research results of processing flowpaths of open and semi-open impeller of GTE. Here are presented, developed by
the author, method of monowheel interscapulum processing and technological processing schemes. Here are proposed the recommendations for

processing conditions for machining centers by Hermle model 40 U and by Micron model 710 U.
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he processing of flowpath of open

and semi-closed impellers is a seri-
ous technological problem in the produc-
tion of GTE. The main operating charac-
teristic of monowheel flowpath is to en-
sure the same natural frequency of each
of the blades that make up the flowpath.
Providing this condition is only possible
with the highest frequency of the shape
and size of each element of the flowpath.
Obtaining of such level of frequency of
machined surfaces is provided by the
stock removal schemes, when the work-
piece always remains in balance during
machining, that is, the "warping” of the
workpiece, uneven deformation of indi-
vidual monowheel blades are excluded
during processing.

Processing on CNC machining cent-
ers is a well known processing technol-
ogy of monowheel flowpath, which al-
lows to treat all blades in a single setup.
[1] The implemented flowsheets include
preliminary (rough) and final (finishing)
processing. During roughing interscapu-
lar grooves are cut on the disc shaped
workpiece, and then during the finishing
the interscapulum is finally formed. Disc
or end mill are used for roughing and end
mills with the cone cutting end convers-
ing into sphere. Meanwhile the process
is held by "leaning” a tool to the genera-
tor of blade profile over the entire profile
height, ie the straight part of a mill is in-
volved in cutting of a blade flowpath and
its radial part in cutting of radius of blade
transition into the hub of monowheel.

In the described method, the ratio
between the width of processing (line
width) and the milling depth is not spe-
cifically regulated. However, this ratio
determines the elastic deformation level
of the work surface, ie determines the ac-
curacy of the processing. During stock
removal from the workpiece it’s regidity
continuously decreases. The workpiece
is deformed due to violation of its equi-
librium state caused by the heterogeneity
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Fig.1. The scheme of stock removal in interscapulum of a monowheel

of the removing stock. And the "warp-
ing” occurs as during roughing (grooves
cutting), occurring usually at unbalanced
formation of interscapular grooves and
as finishing the individual blades, usual-
ly due to uneven stock removal from the
convex and concave parts of the profile.

RSATU by P.A. Solovyov has devel-
oped and implemented to NPO “Saturn”
monowheels processing circuit, which
highly regulates stock removal proce-
dure. [2] The interscapulum processing
scheme decribing this method is shown
in Figure 1.

According to this scheme, during
the pre-processing stage interscapu-
lar grooves width B are cut in the disk
shaped monowheel blank. Grooves are
cut by disc or end mill for several passes,
that is, the total depth of the groove pro-
file ¢ is formed by sequential remove of
allowances ¢, in the first pass; ¢, in i-th
pass; £, in j-th pass. However, after the
first groove cut width B and depth ¢, a
diametrically opposite to him groove is
cut, that is, the symmetry principle is fol-
lowed during the processing. After cut-
ting through all interscapulum grooves
depth ¢,, the whole cycle monowheel
processing repeats but with a depth of z.
It is of great significance the ratio of all
allowances, i.e. the correlation between
L A generally it is > t> L. This cor-
relation between the quantities of re-
moved allowances is due to the fact that

in the surface layer formed after groove
machining the residual stress should be
less than in the groove formed by the
previous pass. On the other hand, al-
lowance removed during groove cutting
should be sufficient to delete deformed
strained layer from the workpiece wich
is formed by the previous treatment.
Therefore formed on the bottom of the
groove a new deformed layer should
be less in depth than the last, and have
less stress. Guarantees of this state is the
gradual cutting depth reduction as height
of formed profile approaches to its final
value, that is, to ¢.

Finishing of interscapulum is con-
sistent removal from each of the flow-
path blades allowances b, - from the back
and the b, - from the pressure side. In this
case, these allowances are cut for several
passes, during each of which allowances
b, b, bj are subsequently removed. Dur-
ing the processing cutting tool “leans” to
the entire height of the blade profile, that
is the height 7. This is possible only when
processing monowheels, for which gen-
erator of blade flowpath does not match
the linear tool generator. A lot of monow-
heels with such a shape of flowpath gen-
erators are used in GTE.

During finishing the flowpath of
monowheel blade first removed is allow-
ance b,. Processing is performed along a
closed path equidistant to the part pro-
file, i.e. mill "runs” the profile from the
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Fig. 2. Machining pattern (stock removal) on the first milling pass around
the processing blade profile

back and pressure side. The process is
then repeated with successive blade un-
til the allowance b, be removed from all
blades of a wheel. The order of process-
ing blades with allowance removal can
be arbitrary, i.e. the symmetry principle
is not required. After the removal of the
allowance b, from a blade flowpath the
entire cycle is repeated with removal of
the allowance b, then b,,.

Values b, b, b/_, set for each stage of
finishing, are calculated on basis of the
maximum allowable strain of the inter-
scapular space defined by the following
expression:

(B+26)a,-5 {H ?(hﬂ)r
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where: - the maximum allowable
strain of the interscapular space, mm;
h - thickness of monowheel flowpath
(blade chord), mm; 7 - blade height, mm;
E - elasticity modulus of the material, Pa;
o, - the value of the residual stresses in
the surface layer of the blade, Pa; 5; - the

depth of residual stress in the surface lay-
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er of the blade, mm, b — width of inter-
scapulum after 7 - passes, mm; b, - thick-
ness of removable stock at i - pass, mm.

Use of this processing technology
for flowpath monowheels significantly
increases accuracy. This is due to the fact
that the setting up milling, particularly
setting milling depth, includes elastic de-
formation of the part during processing.

However, this method cannot be used
for flowpath processing of monowheels
which profile generator does not match
the linear tool generator. Moreover, the
algorithm of calculating elastic strain dur-
ing cutting does not include a number of
geometric dimensions of the workpiece, in
particular the thickness of the blade profile.
These facts greatly restrict the use of the
technology and reduce the accuracy of pro-
cessing with normal mill conditions.

RSATU by P.A. Solovyov has de-
veloped a special technique and method
of fine milling, supplementing the one
above. The method applies only to the
stage of finishing, that is, at the roughing
stage it repeats the procedure described
in [2].

At the end of the preliminary (draft)
processing a monowheel workpiece is a
disc with radial grooves width B and height
t. In addition, each monowheel blade with
a curved profile, convex from the "back”
and concave from the "pressure side” has
the final thickness C, closed by finishing
allowances: b, - from the back and the b,
- from the pressure side. The final stock
removal b, and b, thick on each side of
the blade and ¢ overall height is done by
moving a mill on closed paths equidistant
to milled blade profile in several passes.
Milling depth (line width) from pass to
pass varies from ¢, to z. On the first pass
milling is conducted at a speed v, with a
depth equal to the allowance thickness b,
and b, at the height ¢, determining the line
width (Fig. 2).

On the one hand, value ¢, must not
exceed the maximum possible length of
contact of the tool generator with a curved
blade surface generator. On the other hand,
it must ensure less deformation of the
workpiece than the permissible value of
interscapulum B width. That is, the mill-
ing width ¢, may be less than the maximum
possible length of a match of tool generator
and the working surface. During the first
pass with the line ¢, width a mill angle to
work surface varies depending on the cur-
vature of the working surface.

Milling conditions, namely: cutting
speed Vp, feed S, the line width ¢, cutting
depth b, and b, determine the value of the
cutting force resultant R. The value of the
cutting force resultant R and blades di-
mension, namely: profile height 7, chord
width % and thickness of blade profile
C determine the magnitude of the elas-
tic strains of a part & during processing.
Therefore, the line width 7,, as the most
convenient parameter for regulation, is
included in the part program based on
the calculation of allowable deformation.

During the following passes (mill
closed path) the working cycle is repeat-
ed, but with the lines 3 and L wide. The
value of line width for each new pass is
assigned according to the value of treated
surface deformation, Fig. 3.

Each time elastic deformations are
calculated in response to changing load
conditions of treated surface, that is, ac-
cording to the location of cutting force
resultant on the blade profile height ¢,
mill angle and mill position along the
chord of the blade.
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Fig. 3 Monowheel flowpath processing scheme

a) in the middle section of a blade (i-pass)

With each new line made by mill, the
height of treated blade profile C increas-
es from 0 during the first pass to the ¢ at
the end of the last, while treatment areca
become closer to the monowheel hub.
These changes always need to recalcu-
lated the elastic deformation of the blade
according to the one kind or another val-
ue of line width.

Line values ¢, and 1, are set in the con-
trol program of the CNC machine as well
as the mill angles ¢ . and o, which values
ensure the absence of collisions (infeeds)
of spindle to the working surface.

Upon completion of the final pass,
the width of interscapulum equals to
B+b, from the back and to B+b, - from
the pressure side. After it the finishing
process is carried out on next to the treat-
ed blade, etc.

The current values of milling width
(line width at a given pass) are put into
the control program according to the
calculation of the blade deformation, de-
fined as the sum of the bending and tor-
sional deformations of the blade under
the action of the cutting force resultant
(Fig. 4).

The maximum values of the blade
deformation, according to the scheme
are defined by the following expression:

3
S :Rcosﬂ t [l

3ET -0\
max +
3EJ.

GJ, -t

where: 6 - the maximum possible
value of the total blade deformation during
processing, mm; R - cutting force resultant,
N; E, G —the shear and elasticity modulus
respectively, Pa; J J- - moment of inertia

b) during final pass (j-pass)

sion, which is often assumed to be 0.3.

The use of this method, which re-
quires a constant recalculation of mill-
ing line width during the transition of
the path from the back to the pressure
side and during its moving along the
profile height from the outer surface to
the hub transition radius, is technically
provided by control systems of NC unit
840D by Siemens. These control sys-
tems are widely used in machining cent-
ers with five simultaneously controlled
axes, in particular in machining centers
by Hermle model 40U; by Micron model
710 U, etc.

Abstracts

Fig. 4. Scheme for calculating the elastic deformations of a part during milling
the monowheel blade flowpath

of blade profile during bending with re-
spect to the x axis and torsion to the z axis
respectively, mm?*; /5 - the angle of the cut-
ting force resultant to the normal of work-
ing surface, rad; ¢ - width (height) of blade
profile, mm; / - chord length, mm.
Calculation of the maximum blade
deformation value during milling is
made according to the condition that it
should be smaller than dimensional tol-
erance of groove width or its part, which
is determined by the expression §, =k
 T: where T - manufacturing tolerances
for processing, mm; k& - factor of admis-

1. The processing flowsheets of
monowheel flowpath must ensure uni-
form stock removal from each blade of
monowheel at all stages of processing,
including rough, pre- and finish (final)
milling.

2. Cutting conditions for processing
of individual surfaces and even patches
of each monowheel blade must be con-
stantly adjusted to ensure equal condi-
tions of deformation. The deformation
value should not exceed one third of di-
mensional tolerance of interscapulum of
monowheel flowpath.
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