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BBepeHUe B peBepC-UHXUHUPUHT

4TO TAKOE PEBEPC-UHXWUHUPWUHI?

3T0 NPOLECC, B KOTOPOM U3yUatoT OObEKT, YCTPOMUCTBO UAU CUCTEMY, UTOObI
MOHATb, KAK OHW YCTPOEHbI, PaboTalOT U KaKUE Y HUX XapPaKTEPUCTUKMN.
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BBepeHUe B peBepC-UHXUHUPUHT

[MPUMEP PEBEPC-MHXWHUPWUHTA (RE)

3D-mopenb C 0bpaTHbIM
NPOEKTUPOBAHUEM, CO3AAHHANA HA OCHOBE
MOAHOMO CKAHUPOBAHUA  PEAKTUBHOIO
aBuratens Pratt & Whitney (PT6)

LleAbto AAHHOTO NPOEKTa ObINO
NOATBEPXAEHUE OTCYTCTBUA NMOMEX MEXAY
ABUTATEAEM U KOHCTPYKUMEW  KpPbIAA
CaMOAETA.



BBepeHUe B peBepC-UHXUHUPUHT

[MPUMEP PEBEPC-MHXWHUPWUHTA (RE)

3D-mopenb, CO3paHHAsAA Ha  OCHOBE
NOAHOIO CKaHUPOBAHUA caAOHa CaMOAETa

ANA onpepeneHUAa NMOAOXEHUA INEMEHTOB
KOHCTPYKLUUMU

[MepeobopypoBaHme CaMOA€ETa n3
naccaXupcKoro B rpy30BOM




BBeapeHUe B peBepC-UHXXUHUPUHT

NMOYEMY UHXEHEPbLI MCMOAB3YHOT OBPATHbBIM MHXWHUPUHT?

OpurnHanbHasa CAD-MmoAeAb HE NOAAEPXKXUBAET MOAUPUKALIUN UAU
CTaHAapPTHble METOAbI MPOU3BOACTBA.

OpUrMHaAbHbIM NPOU3BOAUTEAL BOABLLIE HE CYLLIECTBYET UAK
60AbLLIE HE BbiMyCKAET MPOAYKT, KOTOPbIX BCE eLlé HeobxoAnMm.

HeobxoAMMO 3aMEHUTb U3HOLLEHHbIE UAU NMOBPEXAEHHbIE
KOMMOHEHTbI, AAl KOTOPbIX HET AOCTYMHbIX UCTOYHWUKOB MOCTABKM.

HeAoCTaToK AOMOAHUTEABHbIX AETAAEN (3anacHbIX YacTen).

O6HOoBAEHHE yCTapeBLUUX AeTaneil, OCHACTKU UAM CTapbIX
MPOM3BOACTBEHHbIX MPOLECCOB.

AHaAU3 XxapaKTePUCTUK MPOAYKTOB KOHKYPEHTOB.

[Monck cnocob0oB yAyULLIEHUSI NPONIBOAUTEABHOCTU UAU HOBbIX
OYHKUMU NPOAYKTA.



PEBEPC-MH)XUHUPUHI

KAK 3TO PABOTAET?



Kak ato paboraer?

B MaLIMHOCTPOEHMM 3TOT NPOLECC HaNPaBAEH Ha Co3AaHMe BUPTYyaAbHOM 3D MOAEAU U3 CYLLIECTBYIOLLETO
PU3NUECKOTO 0ObEKTa AN €0 KOMUPOBAHUS UAU YAYULLEHUS.

3D-ckaHMpoBaHUe CeTKU: BxoaHOM 3Tan npouecca peBepPC-UHXUHUPUHTA.

U3BAeueHue uHbopmaumu: Micnonb3oBaHne ceTku kak 3D-M3amepeHns o6bekTa U U3BAEYEHUE AGHHbIX O
pa3mMepax (reoMeTpus, pa3mepbl, CEUEHUSA), MOAE3HbIX AN 0OPATHOrO MOAEAUPOBAHUSA.

CAD-moaeAnpoBaHue: Co3paHne MOAEAU C MOMOLLBHO CUCTEM aBTOMAaTU3UMPOBaAHHOIo NpoektnpoBaHus (CAD).
NMpoBepka: CpaBHeHMe noAyyeHHOW CAD-MOAEAM C CETKOW.

AHanun3 obpaTHOM cBA3KU: MicnoAb3oBaHWe CpaBHEHUA AN ONTUMKU3ALMKU 06paTHOro MoaeanpoBaHusa B CAD.
AKcnopt puHaAAbHOM MOAEAU: Ha Bbixoae npouecca nonydaetca CAD-MOAEAD.

JkenopT

3D N3BAeueHUue

KOHEYHOHU
uHbopmaumm OHEHHO

MOAEAU

CkaHupoBaHue
(.stl)




Kak 3ato paboraer?

OCHOBHAA LIEAb

Co3paHne mopenn CAD Ha ocHOBe CYLLECTBYHOLLIEN AETaAM

BAPUAHTDbI BbiBOAA:

1. MMapameTpuuyeckas MOAEAb: COCTOUT U3
napamMeTpUUYecKkux o6 bEKTOB U PYHKLIMIK, CO3AAIOLLUX
TBEPAbIE TEAA.

Control

2. [NoBepxHOCTHaA MOAEAb: COCTOUT U3 CBOOOAHBLIX GOPM _ -. Polygor
MOBEPXHOCTEN, COCTOALLMX U3 YUACTKOB U KOHTPOABHbIX - e
TOUeK. y -, AN

) /N
3. [MbpuAHas MOAeAb: CoUeTaeT TBEPAbIE TEAa U . Pc%\/
NOBEPXHOCTH. N
Surface model

Parametric model

— X



Kak 3ato paboraet?

1. MAPAMETPUYECKAA MOAEADb

N3BAeueHUEe MHOOPMALMN U3 OTCKAHUPOBAHHbIX AAHHbIX (CETKW) NyTEM
CO3AaHUSA NapamMmeTpmuyeckmnx 0ObEKTOB C UCNOAb30BAHUEM BbIAEAEHWIN HA
CeTKe.

3D-ckaH (ceTka) Mapametpuueckue ob6beEKTDI,
U3BAEYEHHbIE Ha CeTKe
(nAocKoCTU + UMAUHAPDI +
ceyeHuA).




MNepeHoc o6bEKTOB
B NporpamMmMHoe
obecneueHue CAD




Kak ato paboraer?

2. NOBEPXHOCTHOE MOAEANMPOBAHKNE

Bocco3paHne TOUHOM GOPMbl OTCKAHUPOBAHHOIO 0ObEKTA (CETKM) NYTEM CO3AAHUS
COOTBETCTBYIOLLLEN CBOOOAHOM MOBEPXHOCTMW.

HeoapHopoaHbIW paumoHanbHbiM B-cnnanH (NURBS) — 310 matematnueckas MOAEAD,
4acTO MCMOAb3YEMAS ANl CO3AAHUA U NPEACTABAEHUS CBOOOAHBIX NMOBEPXHOCTEMN.
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Kak ato paboraer?

2. MOBEPXHOCTHOE MOAEANMPOBAHUE

[Tprmep NoBEPXHOCTHOIO

MOAEAUPOBaHUA

[Mprmep NoBEPXHOCTHOIO

MOAEAUMPOBaHNA



Kak ato paboraer?

3. TMBPUAHOE MOAEANMPOBAHUE

Co3paHune 3D MoAEAU C UICMOAB30BAHUEM NAaPaAMETPUUECKUX OOBEKTOB U CBOOOAHbIX
MOBEPXHOCTEN AASI MPEACTABAEHUSA BCEX XapPaKTEPUCTUK OTCKAHUPOBAHHOIO 06beKTa,
KOTOPblE HEOBXOAMMO BOCMPOUIBECTU UAWU YAYULLIUTD.

NapameTtpuueckue 06bEKTDI: MAOCKOCTU +
LMAUHAPDBI + ceyeHus

NoBepxHOCTHaA
MOAEAb

apameTpuyeckue
Tena




PEBEPC-MH)XUHUPUHI

METOAOAOI'NA PEBEPC-UH)XXUHUPUHTA



MeToAaOoNOrUA peBepC-UHXUHUPUHTA

Pa3anyHblie MeToaAuKKU co3paHusa CAD-MOAEAU Ha OCHOBE CYLLIECTBYHOLLIEN AETaAU

RE MeTtoaonorus LleAb PesyabraT

BocnpounssepeHne CAD-mopenu,
MCNOAb30BAHHOM AASI MPOU3BOACTBA
obbekTa

[lapameTpuyeckasd
MOAEAb

1. HamepeHune
NPOEKTUPOBAHUA

BocnpousBepeHME TOYHOW KOMUHK

[loBEpPXHOCTHAA MOAEAD
0bbeKTa B €ro TEKYLLLEM COCTOAHUU

2. TouHOEe BOCNpou3BepeHUE

KombuHupoBaHue 0b6omx METOAOB ANA

- [MbprAHAA MOAEND
Pa3AMYHbIX YacTen obbekTa

3. KombuHaumsa mMeToAOoB



MeTtoaonorua pesepc-UHXUHUPUHIA

1. MPOEKTHbIN 3AMbICEA

Llenb

Co3patb 3D-MoAENAb C OCOOBbIMU XapPaKTEPUCTUKAMKU Ha OCHOBE
NpoaHaAU3UPOBAHHOIO NMPOEKTHOIO 3aMbICAa U SINEMEHTOB U3
AaHHbIX 3D-CKaHMpPOBaHUA.

Kak?
[TOHATb, KaK ObIA 3aAyMaH 0O6bEKT
BocnponsBectu npouecc pa3padoTku

CHM3UTb 3aTpaTbl Ha NPOU3BOACTBO (ecAn TpebyeTcs)




MeTtoaonorua pesepc-UHXUHUPUHIA

NPOEKTHbIX 3AMbBICEA: MAPAMETPUYECKWUIN PEBEPC-UHXWHWUPUHT (RE)

AHaAU3

3aMbicAa
AU3anHa

AHanus obpaTtHoM

CBA3U

UcxoAHble AaHHbIe AAA npoLecca
PEeUHXUHUPUHIA

AHaAM3 3aMbICAa AM3ANHA: aHAAU3 U
U3BAEYEHUE Pa3MEPHbIX CBOMCTB

Moaeanpoanue B CAINP: MoaeAanpoBaHue
C NOMOLLbIO aBTOMaTU3UPOBAHHOIO
npoektupoBaHus (CAD)

KoHTpoAb: CpaBHeHMe noAyvyeHHou CAD-
MOAEAU C CETKOU

AHaAn3 obpaTtHoi cBA3U: Ncnonb3yiTe
CpaBHEHMWE AAF ONTUMM3ALMW 0BPaTHOroO
MmoaeArmpoBaHua B CAlNP

KCNOPT OKOHYATEABHON MOAEAM:
Pe3yAbTaTOM npouecca ABAAETCA MOAEADb
CAD



MeTtoaonorua pesepc-UHXUHUPUHIA

2. BOCINPOU3BEAEHWE KAK ECTb

Llenb

Co3paHMe MOAEAU MOBEPXHOCTU CBOOBOAHOM GOPMBbI Ha
OCHOBE ONTUMU3NPOBAHHOW CETKU 3D-CKaHMPOBaHUSA

Kak?

Co3paHune 3D-ceTouHOM MOAEAU

YAyuLLEeHME N ONTUMU3aLNA STON CETKU (3anOAHEHUE
OTBEPCTUN, CTAaXMBaHWE, 0bpe3Ka, YyAyULLEHWE TPaHUL, 1

T.A.)

Co3paHue ToUHbIX CBOOOAHbBIX MOBEPXHOCTEN C
KOHTPOABHbIMUW TOUKAMW Ha ONTUMMU3UPOBAHHOM CETKE
(NURBS)
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MeTtoaonorua pesepc-UHXUHUPUHIA

BOCIMPONSBEAEHWNE KAK ECTb

Creating CAD

Mesh network and

control points

optimization

modeling

Analysing Feedback
3D scan mesh: Input of the reverse engineering Verifying: Comparing the resulting CAD model to
process the mesh

Mesh optimization: cleaning and improving ) :
operations on the mesh Analysing feedback: Use the comparison to

Creating network: define parameters and layout optimize your CAD reverse modeling

of the surface network and its control points Exporting final model: Output of the process is a

CAD modeling: Computer-aided design (CAD) CAD model
surface modeling



Reverse Eng. Methodologies

METHODOLOGIES COMPARISON

Standard Diameters
= (0.1875" (4.763 mm)

Design Intent

As Is Reprod.

Diameter 1

= 0,2043”

(5.188mm) Diameter 2 Diameter 3
= 0,1924" = 0,1979”
(4.888 mm) (5.027 mm)



Reverse Eng. Methodologies

3. HYBRID MODELING

Goal

Combining both methodologies for
different areas of the object

How ?

Define the most relevant methodology for
each area of the part

Apply the methodologies separately

Combine the results through CAD
modeling




Reverse Eng. Methodologies

EXAMPLE OF HYBRID MODELING

Design intent

3D Scan Extracting
Mesh information

Analysing
Design




Reverse Eng. Methodologies

EXAMPLE OF HYBRID MODELING

As-is reproduction

3D Scan Mesh
Mesh optimization

Creating
network and
control
points

Isolate the free-
form surface



Reverse Eng. Methodologies

EXAMPLE OF HYBRID MODELING

Combining the results




Reverse Engineering

SOFTWARE



Software

CAD VS REVERSE ENGINEERING SOFTWARE

CAD (Computer Aided Design) Software
Creates, visualizes, and simulates designs in digital feature-based models
Defines feature by customizable parameters (parametric)

Keeps an editable history of how the model was built

Reverse Engineering Software
Works easily on meshes (clean up, improvement, and optimization)

Can use the mesh and its components (triangles, vertices) directly to extract
dimensional information



Software

CAD VS. REVERSE ENGINEERING SOFTWARE

Some CAD software also include reverse engineering functionalities
The main distinctive feature of the reverse engineering functionalities is the
capacity to extract information directly from the 3D scan (mesh)
Triangle selection
Vertices selection

Cross-sections




Reverse Engineering

DESIGN WORKFLOWS



Design Workflows

There are different software
workflows/paths for CAD design
involving reverse engineering

Selecting the appropriate workflow
will depend on the requirements of
the project and the availability of
the different software

3D SCAN

@ Scan-to-CAD software

CAD design software
@ Complete RE software
EEN Optional

Final CAD Model



Design Workflows

CAD DESIGN %

Starts directly in a CAD software

Regular CAD design workflow without
reverse engineering

Feature modeling

. <
Final CAD model S
?i’(\oé
@ Scan-to-CAD software .
CAD design software

@ Complete RE software
EEN Optional

Final CAD Model



3D SCAN

Design Workflows

COMPLETE RE SOFTWARE

Starts with a 3D scan mesh

Reverse engineering operations and some
CAD operations are done before transferring
to the CAD software

Mesh generation: creating the mesh

Alignment: aligning the mesh in the final
desired coordinate system

Information extracting: extracting dimensional
properties of the mesh

Feature modeling: CAD operations performed
in the RE software

Transfer to CAD software @ Scan-to-CAD software

Final CAD model CAD design software
@ Complete RE software

EEE Optonal Final CAD Model



3D SCAN

Designh Workflows
SCAN-TO-CAD SOFTWARE

Starts with a 3D scan mesh

Reverse engineering operations are done before
transferring to the CAD software

Mesh generation: creating the mesh

Alignment: aligning the mesh in the final desired
coordinate system

Mesh optimization: cleaning and improving

operations on the mesh e
fo"\%\\(\%
Information extracting: extracting dimensional Q%\oé

properties of the mesh
Transfer to CAD software

/
Feature modeling: CAD operations .
=
Validation: Comparing the resulting CAD model to \\g&\\o
the mesh @ Scan-to-CAD software N2
CAD design software

Final CAD model
@ Complete RE software

EEE Optonal Final CAD Model



Reverse Engineering

EXAMPLES



Other Examples

SOLID MODELING

Create the structure by solid
revolutions

Design the blade by extrusion
using cross-sections

Duplicate the blade using
circular patterns

Add details in the center of
the part




Other Examples

SURFACE MODELING

Create the structure by surface revolutions
Sketching, trimming operations and applying circular patterns

Create a solid model using offset and shell operations



Annexe A

TERMS GLOSSARY



Annexe A — Terms glossary

3D scanner — A device that captures data on the shape and colors of a real-world environment for processing in the digital world, such as
construction of 3D models.

Accuracy — The accuracy of a mesh file is measured by the deviation between the actual part and the measured result. It depends on the
specifications of the scanner used and on the quality of the set-up. In 3D scanning, accuracy differs from resolution (see below).

Alignment - In 3D scanning, this refers to the act of bringing all the scans into a common reference system, where data is merged into a
complete model. Also called registration.

CAD - Computer-aided design; the act of creating a digital model for design, engineering and manufacturing. The models are based on
various geometric entities such as triangles, lines and curved surfaces. Typical formats for CAD models are .stp and .igs.

CAE - Computer-aided engineering; the act of digitally simulating performance of objects and assemblies. CAE encompasses simulations
such as finite-element analysis (FEA) and computational fluid dynamics (CFD).

CFD - Computational fluid dynamics; a digital process by which engineers can simulate how fluids such as air, water and gas behave
within different design, engineering and natural environments.

CMM arm - A coordinate measurement machine that uses a point or ball probe on an articulating arm, allowing users to collect individual
3D data points from a physical object.

CMM arm encoder — An opto-electronic device that detects the incremental lines on a scale to determine positioning. An encoder is also
known as a reader head.



Annexe A — Terms glossary

CNC milling — Computer numerical control; computer-controlled milling machines that can create products along multiple axes for improved
precision.

CAl - Computer-aided inspection; the use of 3D scanning to compare an as-manufactured part to its CAD equivalent or ideal specifications for
quality control, wear-and-tear assessment and other forms of analysis.

Customized manufacturing — Using 3D scanning and complementary software to enable wide varieties of desigh choices at a reasonable cost.
Sometimes called mass customization. Can also be used to describe the ability to customize medical and sports products — such as prostheses,
athletic shoes and dental implants — for individual physiologies.

Digital archiving — The ability to save models of physical objects in a digital environment, saving time and money.
Digital reconstruction — The act of scanning a physical object in order to rebuild or renovate it close to its original state or at a different scale.

Dynamic referencing — The ability of a scanner to ensure that the measuring device is continuously locked to the part by an optical link, providing
greater accuracy in factory and field environments.

FEA - Finite-element analysis; a digital process by which engineers can simulate how the structure of an object or assembly performs under
different environmental stresses.

Normal - In 3D space, a surface normal is the vector cross product of two (non-parallel) edges of a polygon.

NURBS - Non-uniform rational b-spline; a mathematical model used in computer graphics and CAD to generate curves and surfaces.



Annexe A — Terms glossary

Optical CMM scanner - A 3D scanner tracked by optical CMMs. Optical CMM cameras track passive or active reflectors affixed to the 3D
scanner itself and to the part being scanned to dynamically reference them in 3D space.

Photogrammetry -- A methodology for extracting high-accuracy measurements from photos of an object or environment.
Product lifecycle management (PLM) - The practice of monitoring and managing a product from inception to end of useful life.

Point cloud - A set of data points within a coordinate system. In a three-dimensional coordinate system, these points are usually defined by
XYZ coordinates, and are intended to represent the external surface of an object. Typical formats for point clouds are .txt, .igs and .ascii.

Rapid prototyping -- The process of quickly fabricating a model of a physical part or assembly using 3D STL or CAD data. 3D scanning is often
the front end of the process and 3D printing the back end.

Reverse engineering - The process of discovering the technological aspects of a device, object or system through analysis of its structure,
function and operation. In 3D scanning, the reverse-engineering process involves measuring an object and then reconstructing it as a 3D
model.

Resolution - Defines the level of details visible in the scan data and measured in millimeters (mm). It can be compared to a screen
resolution, which is defined by the number of pixels. A higher resolution increases the number of triangles in a mesh file.

Repeatability -- The variation in measurements taken by a single person or instrument on the same item under the same conditions.



Annexe A — Terms glossary

Self-positioning 3D laser scanners — Laser scanning systems that use retro-reflective targets as a reference. These scanners do not require
external positioning systems because the position of the scanner in relation to the object being scanned is determined by triangulation
between the scanner’s two cameras and the patterns of the positioning targets. Data acquisition is in real time.

Self-positioning 3D white-light scanners — The scanner obtains its position relative to the physical object by looking at the distortion of the
white-light pattern on the scanned part. These scanners obtain their position on a continuous basis in real time as they move over the part.

STL - Stands for stereolithography or standard tessellation language; a file format native to stereolithography CAD software created by 3D
Systems Inc. and supported by many other software packages. STL files are used widely for rapid prototyping and computer-aided
manufacturing.

Triangulation — The process of determining the location of a point by measuring angles to it from known points at either end of a fixed
baseline. The point can then be fixed as the third point of a triangle with one known side and two known angles.

Triangle mesh — The output of self-positioning 3D scanners, this is a mesh from an optimized surface that takes into account measuring
conditions and consistency. This is also referred to as a polygon model. Typical formats are .stl, .obj and .sat. An STL file can be used
directly for applications such as rapid prototyping and computer-aided inspection or converted into NURBS surfaces for CAD.



	Default Section
	Слайд 1, Реверс-инжиниринг
	Слайд 2, Содержание

	Introduction
	Слайд 3, Введение в реверс-инжиниринг
	Слайд 4, Введение в реверс-инжиниринг
	Слайд 5, Введение в реверс-инжиниринг
	Слайд 6, Введение в реверс-инжиниринг
	Слайд 7, Введение в реверс-инжиниринг
	Слайд 8, Введение в реверс-инжиниринг

	How it works
	Слайд 9, РЕВЕРС-ИНЖИНИРИНГ
	Слайд 10, Как это работает?
	Слайд 11, Как это работает?
	Слайд 12, Как это работает?
	Слайд 13
	Слайд 14, Как это работает?
	Слайд 15, Как это работает?
	Слайд 16, Как это работает?

	Methodologies
	Слайд 17, РЕВЕРС-ИНЖИНИРИНГ
	Слайд 18, Методология реверс-инжиниринга
	Слайд 19, Методология реверс-инжиниринга
	Слайд 20, Методология реверс-инжиниринга
	Слайд 21, Методология реверс-инжиниринга
	Слайд 22, Методология реверс-инжиниринга
	Слайд 23, Reverse Eng. Methodologies 
	Слайд 24, Reverse Eng. Methodologies 
	Слайд 25, Reverse Eng. Methodologies 
	Слайд 26, Reverse Eng. Methodologies 
	Слайд 27, Reverse Eng. Methodologies 

	Software
	Слайд 28, Reverse Engineering
	Слайд 29, Software
	Слайд 30, Software

	Design Workflows
	Слайд 31, Reverse Engineering
	Слайд 32, Design Workflows
	Слайд 33, Design Workflows
	Слайд 34, Design Workflows
	Слайд 35, Design Workflows

	Examples
	Слайд 36, Reverse Engineering
	Слайд 37, Other Examples
	Слайд 38, Other Examples

	Glossary
	Слайд 39, Annexe A
	Слайд 40, Annexe A → Terms glossary
	Слайд 41, Annexe A → Terms glossary
	Слайд 42, Annexe A → Terms glossary
	Слайд 43, Annexe A → Terms glossary


