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Functions for airfoil calculations

1. General Description

CurveAnalyzer software implements:
= variuos single functions, that can be used for ifipesrfoil evaluations
= a special “all-in-one” function for automatic evation of a single airfoil section.
= special tool for generating measurement path wiserglPC-DMIS measurement s/w

2. Single functions for specific airfoil calculatio n

The usage of this functions is generally for “mdhaaalysis of a section or for a prepartion of the
nominal data. They can be also included in a CAcm”, but it is definetely easier to use the
special “all-in-one” function, that allows to perfo the evaluation task, including the preparitién o
the report with few clicks.

The single functions for specific airfoil calculatis are:

2.1 Airfoil parameters calculation

Function Access
Airfoil parameters calculation Curve -> Airfoil callations -> Airfoil parameters
calculation
“. Airfoil parameters calculations §| “. Airfoil parameters calculations E|
Airfoil zection Leading Edge Direction Airfoil zection Leading Edge Direction
§151 | futa | §151 | futa |
R L [ 5 R L [ 5

Calculations ] Puoint dersity Calculations  Point density

Calculations
v Maximurn diameter Select &ll Murnber of points on LE an
[v tdean camber line (MCL) i off s @ T2 ’T

- ; Deselect Al

[+ Pierce points on MCL
¥ Contact line MHumber of points on COMCAVE side 100
[v Caliper points Mumber of points on CONVEX side 100
[~ Separate segments

Close Close
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Airfoil Section — here all available CRV object in CA are showouMare allowed to select one or
more curves.

L eading Edge direction — here we can select the direction of the LEs fiassible to leave it on
“auto” or to select explicitely the direction ofeth.E respect to the co-ordinate axises. If leadng
“auto” the following rule will be applied : CA wikkalculate the MCL nad the Max. Thickness
position. The edge that results to be closer tgptwstion of the Max. Thickness will be the LE. As
this rule is not valid for all airfoil sections, those cases you must use the explicit indicatfidheo
direction of the TE.

LE/TE % - this input regards the length of the LE/TE, egsed as percantage of the length of the
MCL.

Caloulstions | Different Calculatios - the following calculation can be selected:

Maximum diameter Calculates the postion of the Midxckness and its value, so p
CIR object will be created with the diameter ttsaequal to the
max. thickness.

Mean camber line (MCL) Creates a CRV object witixad number of 100 points on the
MCL
Pierce points on MCL Creates two points (PNT olgjeetone on the LE and another

one on the TE, build on the imaginary “pierce” gahthe
MCL with the profile

Contact line Creates contact line (LIN object) be toncave side of the
profile

Caliper points Creates two points (PNT objectst #re build respect to the
calculated contact line and that determine theahangth

Separate segments If enabled, this option willteréaur new CRV objects, each pf
them will contain point on the LE, TE, concave sahel convex
side.

Note on usage: The usage of this functions is ssggpto be in the manual analysis /checking of
airfoil sections, or for reverse engineering purpss

Select All / Deselect all — two buttons used fat fselection/deselction of all options

Pairt densit : i [
el E”S'”l Point density re-calculation:

If using this tab it will be possible to re-generabints on the spline build through the given gin
assigning to each part of the sections (LE, TEcawa and convex side) certain ammount of points.
This function is not guaranteed to produce the examber of points, working with tolerance of +/-
1 point.

Notes on usage: The usage of this functions isasga to be in the prepartion of the nominal
sections.The calculation may take significant time
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R Functions for airfoil calculations

2.2 Edge thickness

Function Access
Edge thickness calculation Curve -> Airfoil caldidas -> Calculate Edge Thickness
“. Calculate Edge Thickness EI
AE
A1
415
T
Leading Edge Direction |.-’-\ut0 ﬂ

[v Leading Edas [v Trailing Edae

At digtance 1 mm At distance 1 mm

[ Create Dimension [ Create Dimension

s | oK |

Airfoil Section — here all available CRV object in CA are showouMare allowed to select one or
more curves.

Leading Edge direction — here we can select the direction of the LEs fiossible to leave it on
“auto” or to select explicitely the direction ofeth.E respect to the co-ordinate axises. If leadng
“auto” the following rule will be applied : CA wikkalculate the MCL nad the Max. Thickness
position. The edge that results to be closer tgptwion of the Max. Thickness will be the LE. As
this rule is not valid for all airfoil sections, those cases you must use the explicit indicatfdhe
direction of the TE.

Options— you can select which thickness will be calcudaad at which distance (expressed in the
current unit). If selecting also “Create dimensiahéck box, corrsponding dimension will be
created. The internal procedure of calculatingttiekness is as following : the MCL is calculated,
so the LE/TE points are found. On the LE/TE poaitsles with given radius are calculated (using
the distance input from the interface), then thelMi€e is intersected with these circles. On the
intersection points a line is created that is agdmal to the MCL curve for that point. Using this

line and the profile, two intersection points ogr firofile are calculates. The 2D distance between
those points is the edge thickness.

Note on usage: The usage of this functions is ssggpto be in the manual analysis /checking of
airfoil sections, or for reverse engineering purpss
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% CurveAnalyzer Standard 1.3 #81 - C:\Documents and Settings\amavrov\D... DE}@
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2.3 Edgeradius

Function
Edge radius calculation

Access

s/ Edge radiuses

A10 Miswrata
AE Misurata
A2 Misurata
A2 Nominale
AR Nominale
A11 Mominale
215 Nominale

£11 Misurata

Edge radiuses

¥ Leading Edge

Segment

Angle 120 deg

I~ Ereale Dimension

Clase |

Ao hd

W Trailing Edge

Segment

Angle 120 des.

™ Create Dimension

ok ‘

Curve -> Airfoil calculat®-> Calculate Edge radius

Airfoil Section — here all available CRV object in CA are showouMare allowed to select one or

more curves.

Leading Edge direction — here we can select the direction of the LEs fiossible to leave it on
“auto” or to select explicitely the direction ofeth.E respect to the co-ordinate axises. If leadng
“auto” the following rule will be applied : CA wikkalculate the MCL nad the Max. Thickness
position. The edge that results to be closer tptwion of the Max. Thickness will be the LE. As
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this rule is not valid for all airfoil sections, those cases you must use the explicit indicatfdhe
direction of the TE.

Options— you can select which radius will be calculated what arc segment do you want to use
(expressed in degrees). If selecting also “Cregtenision” check box, corrsponding dimension
will be created. The internal procedure of caléntathe radiuses is as following : the MCL is
calculated, so the LE/TE points are found. Iterstiare performed, with points that are
symmetrically disposed arroun the LE or TE, urtéd talculated circle results to be constructed
with points that have arc segment above the ligatiby the user. This last circle is retained to be
valid for the edge radius.

Note on usage: The usage of this functions is ssgapto be in the manual analysis /checking of
airfoil sections, or for reverse engineering purpss

“ CurveAnalyzer Standard 1.3 #83 - C:\Documents and Settings\amavrov\DesktoplAi... B@@

File Edit Screen Generate Construct Dimensions Curve Transform  Measure  Utiliies  Info
Dl @S| QRIEY [y [ | & ||| = B ] =| =& o
o L i o P o i P s G = 1 P P | S
o A15 Misurat ta *
A6 Misurata
=» A2 Misurata
£2 Nominale R 17077
AE Nominale
A11 Nominal le
415 Nominal le
417 Misural it
A2 Misurata_MCL
® PNT
LM “
IV Visible
Appearance
R 1.9743
Dev & Tals
Amplfication  [207
[~ Showtols
¥ Constant tols
Tals ooz 002
[~ Show devs
I~ Connect dews
™ Highlight out
Farm ; 0.0000 (Max: 0.0000, Min:0,0000] 35,5644, -29.3338 / Dey=00000 (385) Xy A2 Misurata (912 Paints) taan. 1.10x [1.048,16.906,1.001
2.4 Assign tollerances to nominal
Function Access
Assign tolerances to nominal Curve -> Airfoil cdltions -> Assign tolerances to
nominal

“ Assign Tolerances to Nominal E\ “ Assign Tolerances to Nominal B\

Constant tolerance. Type 1 -Edges
Aifoi section Aifol sectian

0.050

6 A6
211 a1t
15 —
a2
o o5
0.700
01
)

Edges

Leading E dge Direciion Ao -
ol
LEFTE [%] s 5
Close 113 Close: oK

The purpose of this function is to assign fixedrarable tolerance to the airfoil section in

extremely fast way. Note that this is essentigd,stehen preparing the nomonal sections that will be
later used in the “all-in-one” function. Keep inmdithat if needed you can use the general methods
of assigning tolerance for the curves, those yeuaiowed to create any possible tolerance filed.
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This function also automatically declares the CRW¢ “closed” and calculates the vectors as for
external curve.

Airfoil Section — here all available CRV object in CA are showouMare allowed to select one or
more curves.

Leading Edge direction — here we can select the direction of the LEs fiossible to leave it on
“auto” or to select explicitely the direction ofeth.E respect to the co-ordinate axises. If leadng
“auto” the following rule will be applied : CA wikkalculate the MCL nad the Max. Thickness
position. The edge that results to be closer tptwion of the Max. Thickness will be the LE. As
this rule is not valid for all airfoil sections, those cases you must use the explicit indicatfdhe
direction of the TE.

LE/TE % - this input regards the length of the LE/TE, egsed as percantage of the length of the
MCL.

Tolerance values: to be inserted according to the selected toteraype

Note on the usage: The usage of this functionggpased to be in the preparation of the nominal
sections.

2.5 Collect airfoil scans

Function Access
Collect airfoil scans Curve -> Airfoil calculations Collect airfoil scans

“, Airfoil parameters calculations

Result name CRY_3

415 Misurata

A6 Mizurata

A2 Mizurats

A2 Naminale

A6 Naminale

411 Mominale

A15 Mominale

A1 Misurata

A15 Misurata
AE Miswrata

A15 Maminale
A11 Misurata

Options:
v Soit Limit for equal paints 00200 mm

Close | oK. |

This function collects two measured curves (typycaith overlay), producing as output one
profile. This method is the most common one wherkimg with measured sections. If the section
is composed by more scans (as it happens in MBRs) would use the common “Curve ->
Collect curves function, using probably also theisg option)

Curvel/ Curve?2: List of the all available curves in CA. You musstiect two curves that belong
to the same section. The graphical field nearbl/vellp you to check if you have selected the
sections correctly.
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Options: In this field you can selectto “sort” the poirftsat is to re.order them to avoil loop-
backs) and eventually to remove very close polhts.strongly recomended that you use this
function when having bhigh point density. If thealarrive from a measuring device with low point
density, it may happen that the sorting will ordadly some points. In this cases you should not
use the “sorting” option.

Note on the usage: The usage of this functionggpased to be in the preparation of the measured
section from two scans on the concave and condex Isiis a usual step to be recorded in CA
evaluation” macro”.

2.6 Generate Meas. Path on airfoil

Function Access
Airfoil path generation Measure -> Generate pathafdoil

Attention : this function can be used ONLY if usi@é with PC-DMIS measuring s/w. It allows to
generate scans in a opened PC-DMIS PP, from dearsilicated by the user. This simplifies
extremely the prepartion of the PP. The pre-regpfst doing this operation is the presence of the
nominal section in CA and opened PC-DMIS PP withahgnment already done.

% Airfoil path generation @

B-B Misurata A

C-C Misurala Angle [ e <->
E-E Misurata e

H-H Misurata Mode Scanning -
L-L Misurata

0-0 Misurata Mave 50
P-P Mizurat.

N, ™ Probe compensation

[ \

EE

s Edge Side
04 Speed 2 10
P-P

Density 20 3

BE Dvertravel 2
B-B Misurata MCL

B-B Misurata_Cntctl_CRY 0.400 .@. 3
B-B Mizurata
GlobalCy_E-B r

GlobalCC_B-B
Global BB o ‘

MCL

EB-E
B-B_Cntctl_CRY

Generate

In the inteface window you can select the positbthe probe (in the PC-DMIS PP you must use
accordingly some MOVE commands are some RECALLddPmands in order to prepare the
CMM for the measurement). Then you can selectth@somement mode (by scan or single points).
The “MOVE” option creates 2 moves before and dfterscan at the distance indicates along the
direction of the tip (as indicated in the intefadgedow!).

If scan is selected it is possible to adjust ttspeed and point density separately for the edges
and for the sides. The “overtravel” value indicates ammount of the scan”extension” over the
physical limit of the section (this guarantees that2 scans will intersect well).

In the Lsit box you can select one or more sectityitking on GENEREATE commands will be
generated at the current cursor position in PC-DMIS

Typically after finishing one side, we move the CMianually to the other side, then just reverse
the direction of the probe (you can use the “<-attbn) and generate the rest of scans.
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3. Generic functions having relation to the airfoil

calculation

Thera are also some general purpose functions) ofied when working with Airfoils sections. In

this section we list some of them.

3.1 Curve calculation

Function
Curve calculation

Access
Curve -> Curve 2D calculation

“ Calculate A15 Nominale
Names
Initial curve ,;f" Result Curve
=1 Jcrv_s
Curve Tupe b aterial Side
{+ Clozed O {« Extenal @
" Opened i Internal
Others
Eliminate points clozer than - | mm
Generate intermediate paints =
[~ Sort
W ithr
Marirum chaordal ermor : 00100 Max. distance: 20000
Cancel | ok |

The mostly interesting options in this function #re follwoing :

Eliminate points closer than — allows to remove “equal” points performing agahing” action

over the curve

Chordal error filter — applies chordal filter on the points. Usuallysthunction is used to reduce
the ammount of the nominal points. The points wtibrdal error lower than the indicated one will
be removed, but only in case that they are a aristsmaller than the indicated “Min distance”
value. Typical input for “medium size” airfoil sémh (chord 100 mm) woul be : chord error =

0.001, Min distance = 1.

For more info on that function refer to the on-limep of CA

Note on the usage: The usage of this functionggpased to be in the preparation of the nominal

sections.
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3.2 Radius correction

Function Access
Radius compensation Curve -> Offset

*. Offset of A15 Nominale

Mames

Initial curve ﬁ#’ Result Curve
= CRV_3

Curve Type Material Side

+ Closed O " Go externaly @

" Opened * Go internally

Parameters

Offset value (radius of the probe) 1|

[~ Sort L

Cancel | [u]: |

Used to offset the curve in case that it is notusidompensated. Please refer to the on-line loelp f
details on this function.

Note on the usage: The usage of this functionggpased to be in the preparation of the measured
section from a not radius compensated scan.. Itheaa step to be recorded in CA evaluation”
macro”. It is anyway not absolutely necessary, hseathe “all-in-one” function already has this
option in the “pre-processing” option.

4. The “all-in-one” function for evaluating of airf oil sections

Function Access
Airfoil evaluations Utilities -> Calculation Utilies -> Airfoil evaluations

The “all-in-one” functions allws to perform competvaluation on airfoil section, producing also
reporting page of it. In order to be recalled yousthave in CA the following curves:

= nominal sections
= measured sections (can be radius corrected orma8t be complete sections
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The function will perform all necessary

= form error evaluation (examples for the complete profile, LE, TE)

LE Local Fit : No Fit / Error Amp : 5x TE Local Fit - No Fit / Emor Amp : 5x
LT i LE_H-H Disegno TE_H-H Disegno
e o
025
[EILE
[~
\
~\
H.H Disegno_LE_Form o X

H-H Disegno_TE_Form |
MinMax 0.327 i 4

win 0144 Min 0183
a - Max a4s7 e \(
{SoptiT— | olozo— 5 . SupUT 0057 G O
Xv (05753 LB 000 ey (0.55%)| |t 0000 ~ XY (0.55%)

= airfoil parameter calculations listed as dimension with their tolerances

Airfoil parameters

002

Rad 1601
H-H Disegno_Best-it_Data
BF-Of X 0834

aaaaa

Regarding the available Best-fit algorithms, thkofeing fits are available:
- nofit
- LSQ on the whole profile

LSQ on the profile without TE

LSQ on the whole profile without LE/TE

2 points fit on 10% of the MCL

The edges can be evaluated using the global fapplying a local LSQ fit.

The following parameters can be calculated andrtego

X0 X

R
N\

Ok
Iw?ﬂ/i
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Maximum thickness value D

Position of the maximun thickness XD,YD

Point of the gravity of the section XS,YS

Chord length (with different algorrithms) LP

Angle of the chord Beta_Bi2 (with different algdwms)
Edge thckness (LE/TE)

Stack X/Y and rotation values, resulting from the f

True position of the stack axis

Options present in this function:

Max/Min points respect to the axises (in the exampMIN / Y MAX)

“. Airfoil evaluations @

Nominal/Mezsured Profils
Glabal Farm ‘ Leading Edae | Traling Edge]

C Misurata

C ~

E £ Misurala ~ |CCMisuata A Whole profile =
H-H Misurata E-E Misurata Best-fit apph r‘——;
L-L Misurata H-H Misurata G Whols profils (LS0) LJ
0-0 Misurata L-L Misurata Eestfit type. =

BF Misorats 0.0 Misurata Translation and rotation _J
B-E | |P-P Misurata M I™ "Fit considers the " Awerage"™ deviation”

Amp

Aol parameters

T ) Nominsl

| Pos. Maw. Thickness [XD] uT

| Pos. Mar. Thickness [YD)

| Grawvity & [5] LT
Graviy ¥ [YS)

| Chard Angle at

| Chord Length Algorithm

1LE Thickness
1 TE Thickness
LE Fiadius

0.400

[~ Show MCL
[ Show tax Diam

I Show Contact Line
I h

TE Radius
Stack ¥ 7
Leading Edge direction Ao = St:Ek v ki
LE/TE sorie | = | . ‘ J 1T wist Calculate nominals
Preparation of measured data Prirt:
I~ Pre-process W Print with template
AifoiReport]_E xml
AirfoilReport2.xml
AirfoilRepart3.xml
AirfoilR eportd xml 26
Close 0K

Nominale/Measured profiles - Here you are allowed to select tt

nominal and the measured curve (in the lists allakle curves in
CA are shown). Both curves must decribe fully thefie. The
selected curves will be shown in the graphicabfigllow

Leading Edge direction — here we can select trection of the LE.
It is possible to leave it on “auto” or to selegpkcitely the direction
of the LE respect to the co-ordinate axises. Nilggon “auto” the
following rule will be applied : CA will calculatthe MCL nad the
Max. Thickness position. The edge that resultstclbser to the
postion of the Max. Thickness will be the LE. Assthule is not
valid for all airfoil sections, in those cases youst use the explicit
indication of the direction of the TE.

Nominal/Measured Profile

[CCMiswata &
E-E Misurata C-C Misurata
H-H Mizurata E-E Misurata
L-L Misurata H-H Misurata
0-0 Mizurata L-L Misurata
P-F Misurata 0-0 Misurata
¥ |PP Misurata
=0.400
000
Leading Edge direction Auta -
LE/TE zone | & | s
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Preparazione dati misurati

Pre-processing of the measured data — according to the status ¢ ™=

W e

[ Riordina punti

the measured data we can request different pregsow options: - Rinodprt g [0
- Sorting of points- will re-order the points. Typically it is no © EsequcompRags |0
needed and in any case, if having low point densiitguld
not be done

- Removing “equal” points- will remove point closer than the value indicate
Note: if the measured data are obtained by “Colletfoil sections” function, it is not needed to
activate any of the above options.
- Radius compensationif the measured data are not radius compensaiadt, the value for
the radius compensation (radius of the probe)

Global Form options — set-up the parameter for the fOr sewirom | Lo ease| Tuigccoe|

evaluation of the complete profile: St Wrorpe =] I showmc
- Show- allows to select which part of the airfoil seqti¢ == [whdepoensa) =] * showMes Diam
H H I3 ” . Bestfit type Tramslation and rotation ™ Show Contact Ling
will be shown in the “Global” view. YOou can Sele( r i omsms ie mmage s r
between showing the whole profile, the profile wilh 5 ewe =

TE (suitable for thick profiles with thin TE), dne profile
without TE and LE (suitable for very thin profiles, whenever the evaluation of the LE/TE
is not desired, because the edges are “square”.

- Best-fit apply on- here you can select which type of best-fit te o8 the “Global” fit. The
current options are : No Fit, LSQ fit on the whplefile, LSQ fit on the profile without TE,
LSQ fit on the profile without TE, fit on 2 pointsy MCL (10%)

- Best-fit type — visible anly if some fit is selected — allows &elect between
Rotate&Translate, Rotate only, Translate only opio

- Fit considers the avreage deviatiefThis check-box actiavtes a special function Wiltfit
the measured profile not on the nominal one, bultfisst look for the average deviations,
then will build internally a new nominal for fittyy that will be offsetted respect to the
original nominal at the value of the average demmtfound. This option is usefull for
“thick” profiles, where the length of the convexsiis significantly longer than the length of
the concave side, and at the same time we haveuneeaprofile that has significant
“excess” of material.

- Amp / Zoom- amplification applied on the deviations and deem factor applied to the
profiles.

* For the Amplification:If inserted with “-* sign W not show spikes. See the examples
bellow:

Amp=15 Amp=-15

Anyway for the color coding (colouring of the denems) the general setting of the color
schema will be used. This setting can be changed fEdit” -> “Preferences”
* For the Zoom : If set to “0” (standard settirthe zoom will be automatic, in order to fit
the profile inside of the available view. Otherwiggu can input the desired zoom factor
(negative numbers are not allowed and will causeztiom to be automatic)

- Axis display— you can select between not showing the axiseshawing them in the origin
point, or in the lower right corner of the graphiteld
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Other display options you can request that the MCL line, the Max. Khess circle and/or

the contact line must be shown

Edge Form options — set-up the parameter for the form evaluatiothefcomplete profile:

Global Fom  Leading Edge | Traiing Edge | Global Form  Leading Edge l Traling Edge |

Iv Leading Edge Form |v Leading Edge Form

Bestfit

Use Global Fit v Bt [LocalFit | [input Tl |

Tol. From Marninal

1 Modwis v Amp 1 Mobwis v L7 0

Here we can select how the edges will be evalug@teeraly we can de-activate this calculations at
all — for axample in case that the edges do nad i@ée evaluated at all)

Best-fit — you can select bewteen using the “Glob&(in this cases the form error will be
essentially the same as in the global view, buettge will be just “zoomed”), or you can
use a local fit option (that will detach the edge avill fit it indipendently to the nominal).
In this second case, the user can select betwéesg the tolerance from the nominal, or
type a specific tolerance. This option is used winar the whole profile we have a
tolerance field that considers also the “chord’gdntolerance and is quite large in the edge
areas. Using the local fit in this case we woulalinsignificantly smaller tollerance fro the
form error.

Amp / Zoom- amplification applied on the deviations andzbem factor to be applied to
the profile. For more info look at the descriptimithe same setting for the “Global form
options”.

Axis display— you can select between not showing the axiseshawing them in the origin
point, or in the lower right corner of the graphiteld

Esiste la possibilita di non effettuare questi cklpuo’ rendersi necessario disattivare questi
calcoli se per esempio il bordo per il suo carattesn € stato misurato bene — esempio: bordi non

raggiati)
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Airfoil parameters— here we can select which kind of calculationasded, and eventually the
requested algorithm and some additional parameiées. selecting those parameters you can click
on “Calculate Nominals” — this will launch a proced that calculates the parameters from the
nominal section selected. If needed you can cotheste nominals manually.

Ajrfoill parameters

ka=. Thickness [0 Morminal

Pos. Max. Thickness [<D] uT I—
Poz. Max. Thickness [vD]

Gravity = [%5) LT |—
Gravity " [7'5]

Chord Angle At

Chord Length Algorithr I—;I
LE Thickness

TE Thickness

LE Radiuz

TE Radiuz

Stack

Stack i

Twist Calculate nominalz

Max Thickness D : value of the max. thickness

Posistion of the Max Thickness XD — XPosition of the maximum thickness circle
Posistion of the Max Thickness YD — Y Position of the maximum thickness circle
Gravity XS — YPosition of the point of gravity,calculated thre section

Gravity YS—Y Position of the point of gravity,calculated thre section

Chord angle — chord angle calculation (linee between LE/TEngoior on the contact line). It is
also possible to insert offset angle, that willdokeled to the calculated ones.

Chord Length — calculates the chord length accordingto thecsatiealgorithm
Edgethickness — calculates the edge thickness at certain dost@om the edge

Edgeradius — calculates the edge radiis, taking into accpaintts that are symmetrically disposed
along the direction of the range, that will faltorthe segment angle indicated.

Stack X — best-fit X Translation

Stack Y — best-fit Y Translation

Twist — rotation obtained by the best-fit

Max X, MinX, Max Y, Min Y — extremum points on the profile are found andresal
Stack TP — true position of the stack axis (calculated fietackX and StackY values)

Print — here we can select which kind of print templaié be used. According to your need you
can also de-activate this field. The evaluation anlyway create automatically different views, that
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can be later combined in a personalized report gtate”. The original templates can be also
modified or new once can be added.

Report Comment : Allows to insert a string that may be shown ba teport (depending on the
template). The template must contains a filed & ,Twith the name of TXT:CommentAirfoil

The already available templates are :

Gloibal View o SR
LE View s -
TE View sl
Airfoil parameters table Lx
Concave side =
Coonvex side L
AirfoilReportlE.xml TE View
LE View IS &
Airfoil parameters table '

AirfoilReportl.xml

]
[

Gloibal View R
AirfoilReport2.xml LE View gy
TE View '

AirfoilReport3.xml Global View

Gloibal View = s
AirfoilReport4.xml TE View
Airfoil parameters table

L Gloibal View e
AirfoilReports.xml Airfoil parameters table BT

Gloibal View =

TE View &
AirfoilReport6.xml LE View N &

Linearized graph 5

Airfoil parameters table =L
AirfoilReportMaxGraph.xml Global View

If desired a summary report can be created. Foigdbis just select the “summary report”, then
check the list of the sections to be reported aedist of the parameters to be reported (the
Summary report will report the list of the paramgtiat you select in this moment, and will not
refer to the existing dimensions!)
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Notes about the modification/ creation of templateSreating a new template, we must include in ttehplate
componenst (graphical fields, texts and dimensiables) in the desred position and with desired .sifkese
componenst must have certain names (as long &g#rds the graphs and the texts) and must be celEtecertain
“family” as long as it regards the dimension tablétere you find the necessary info:

Graphs

GraphGlobal — complete profile (According to whash
been selected in the “show” combo box)
GraphGlobaCC - concave side

GraphGlobalCV — convex side

GraphTE - TE

GraphLE - LE

GraphGlobalLinear — Lienarized profileof the contple
profile (pls. Set the AutoAdjust property to 1)

Texts

TextGlobal_1 — Info best-fit and ampl. error
TextGlobal_2 — Data best-fit

TextLE_1 — Info best-fit and ampl. error
TextLE_2— Data best-fti

TextTE_1 — Info best-fit and ampl. error
TextTE_2- Data best-fit

CommentAirfoil — comment on the report

Dimension tables (any name, attention on the fajmily
Family5 (Stile 1) — Valori forma TE

Family6 (Stile 1) — Valori forma LE

Family7 (Stile 1) — Valori forma CC

Family8 (Stile 1) — Valori forma CV

Family9 (Stile 0) — Tabella parametri foglia

All other compnents may have any name

View of the template editor with the template AiReportl.xml

“ Report Template Editor C:\ProgrammilCurveAnalyzer\Re ports\AirfoilReport1.xml
Modella Campo Stampa

D@ 7= @) ()00 x| &)

I~ Usare comice standard

Box 1 ~

L Tealoal ]
TextGlobal 1 ] nha]
o [ inhatT Text 14
TestlE_1
TestTE_1
Box_4
PTable_5 & 3 Rows
Table_E & Famiy 9
Image. 7 & Mogo.bmp
Image 8 & \Currchnabcr by GraphGlobal Table_B
o
g::t_ﬂl&_LangF(es_AIRFDDZ Lot 40
Tes_ 125 _Date_ Box_1
Tent_13& Version_ & bile_19
 Dffsat 12 TesllE 1 TE 1 Terl 1
*r Offset 80
R Gize, 163 PTable &
i 100)
GraphLE GraphTE
Lebelonis 1 Ypeet “'UF
AutoSis

# Size: 207

*f Sige: 210 Hid o1l
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5. Step-by-step guide for perfoming “blade” analysi s with PC-
DMIS and CA

There are 4 important steps to execute

Creation of the NOMINAL file

Create off-line scans in PC-DMIS applying high galensity (using version 2009, yoiu can
use the new “Cut Section” option)

Import the scan in CA (File -> Import -> Read fr&tt€-DMIS)

Use eventually the “chord filetr error” (Menu CurveCurva 2D calcutaion)

Assign tollerance (Menu Curve -> Airfoil calculatie> Assign tollerance)

Change the name of the profiles (the neames wilsli@vn in the reports!) and delete
evntually unnecessary objects

Save the file (Menu File -> Save)

Creation of the measurement path on the PC-DMIS PP

In PC-DMIS: execute the alignment

In PC-DMIS Activate the probe for measurement &f @ONVEX side and position the
probe on that side. Put the cursor on the bottom.

In CA: ensure having opened the nominal file, tlggnto “Measure” -> “Airfoil path
generation”, Selectthe sections, then Select tiséipo of the probe according to what you
see in the CMM. (the physical position of the prohet refffered to some axises), check the
“move out value” (defualt is 50), and the probentger value, and click on Generate. Wait
until the scans are generated. (Keep the genenatimow opened).

In PC-DMIS : Execute the scans created by CA

In PC-DMIS : change the probe and add the necessaves to go to the other side. Put the
cursor on the bottom.

In CA: (we still have activated the “Airfoil pathegeration”), change the probe position
(there is apecial button to invert the probe positi<->”") and clik on Generate. Wait until
generation finisces adn close the window.

In PC-DMIS : Execute the scans created by CA

Creation of the macro

Go to CA:
Clean all (Menu “File” -> “New”)
Activate the MACRO registration
Import the scans form PC-DMIS (Menu “File” -> “lmg” -> “From PC-DMIS”
(accordingto thepart program size may be neede&dhiba bit, running the macro this time
will be absent)
Collect the scans Menu “Curve” -> “Airfoil calculahs” -> “Collect airfoil scans”
Attention: for scans with low point density non ule “Sorting” option!
Load the nominals : Menu “File* -> “Open”, respomdth “No” on the question if the
present data must be deleted and indicate theigrosit the nominal file
Execute the airfoil evaluations : Menu “Utilities> “Special calculations” -> “Airfoll
evaluations”. Be careful on :

o Names of Nominal and Measured
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0 Pre-processing data (enable the Radius compensatidnndicate the RADIUS of
the probe — for trigger point sensors, insert tiynamic” radius of the probe)
o Once you select the airfoil parameters you wantalzulate, click on “Clculate
nominals” and check the calculated nominals
0 Select the desired plot format
o Click on OK for generating the evalaution
Repeat this sequence with another secion, clcm@K for cerating a new page
- Go in “Page Viewer” and selectthe PDF file nametfe report (Menu “File” -> “Set
printer or PDF file name”). Selectthe name and &awhadd to the name the part data..
- Being in “Page Viewer” fo to “File” -> “Print all{this action will create the PDF)
- Turn back in CA go to “File” -> “exit” -> You wilbe asled for the name of the macro. Input
some name.

(Testing : If you make now File -> New, then acctss macro, open the macro you just created,
and run it — notet hat having recorder the “Exidhranand in the macro CA will be closed at the
end)

Inserting recall to CA from PC-DMIS PP

- In PC-DMIS: Ensure having some variables in PC-DRF that for axample hold the part
number or other important data

- In PC-DMIS: Move the cursor to the bottom

- In CA: go to menu “Utilities” -> “PC-DMIS Utilitis” and select “Recall CA...”. Wait the
window to be shown. Select the script option. Sellee correspondanse of the PC-DMIS
variables and the part data table in CA, select thle macro to run. Click on OK. This will
create a command in PC-DMIS that will run CA, exatthe macro.

(Testing : Putthe cursor on the script command meds CTRL+U — CA will be opened and the
macro will be executed)

6. The “all-in-one” function for evaluating of para meters of
airfoil sections for airscrews

Function Access
Airfoil evaluations propeller Utilities -> Calculan Utilities -> Airfoil evaluations
propeller

The “all-in-one” functions allws to perform competvaluation on airfoil section of airscrew,
producing also reporting page of it. It calculatesy some parameters, that are used mainly for
checking of Airscrews for maintenance purposesrtter to be recalled you must have in CA the
following curves:

= measured sections (can be radius corrected ormagt be complete sections
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The evaluations are performed section per sectiossjble to create one page for report), and it is
possible to select one of 3 possible profile tyfsestions near the hub, double convex sections,

concave sections). Here is the list of the evathpsrameters

Parameters

Profile near the hub

Double convex profile

Concave profile

Max. Width

Max Width (airfoil)

Max Width (airfoil)

Max Width (airfoil)

Chord length

Outscribed circle

2D Distance from T
to LE

E2D Distance of
extremum point,
parallel to the contact
line

Angle NA Line from TE to LE Contact Line

Face Align NA 2D Distance from 2D Distance from
origin, to the pierce | origin, to the pierce
point of a line passing point of a line passing
through the origin through the origin
(perp. to LE/TE Line) | (perp. to Contact Line
with the profile ) with the profile

Edge Align NA 2D Distance from 2D Distance from

origin to the extremunm

1 origin to the extremun

point of the LE

point of the LE

And here are the examples of produced report pages:

Profile near the “hub”

Double convex profile

Concave profile

Interface

Here is the interface window:
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“. Airfoil evaluations (propeller)

MominalMeasured Profile Parameters
Meazured i Root Profile

Stal ~

Stalz = " Double convex profile /

g::gg = (v Cancay profile

Sta3f R

| Minirno | M azsima | Corez.

v Max Thickness | 0 | ] |
¥ Chord Length | o | o |
W angle | 0 | o | o
¥ Face Align [ 0 [ 0 |
¥ Edge Align | o [ 0 |

Leading Edge direction Auta LJ

LE/TE zare | 5 [ ® | - _J

Single Report | Summany Flepart ]

Freparation of measured data

[~ Pre-process ¥ Stampa con modello
Report comment:

Close J oK, I

» Select the section desired (will be shown immediatethe pre-view)

* In some rare cases (very thin profiles where thhematic LE/TE recognition may fail) the
indication of the LE direction is necesseary. Ndiynthie automatic recognition works fine.

* Inthe “Preparation” of measured data, a radiusection may be executed, or some “Clean-
up” of the source point can be requested.

* In “Parameters” it is operator responsability tdigate the type of the section and to
compile the min/max values of all parameters neeBedthe “angle” dimension also
“correction” value may be input (this value will bdded to the calculated one.

* Inthe “single report” you may check or unchek ¢femeration of the single report.

* Click on OK —if the “single reports” was enablkben In “Page Viewer” a report page will
be inserted.

* Proceed with next section...

After the last section, without exiting the windoyau can access the “summary” report window
and a sammary table may be created.

All this commands are usually saved to a macrothsd the exection is automated. To edit the
macro, please use the usual mode, opening the ptheroselecting a command and accessing the
“edit window” with F9. After making the changes sahe macro pressing F10 (while having focus
on the “macro window”
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