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Instrument-Making Technology Department

 more than 250 students (bachelors and masters)
 more than 20 Ph.D. candidates
* more than 25 professors and lecturers

Bachelors directions:

- Instrument making technologies

- Informatics and computer engineering
Masters directions:

- Manufacturing process engineering

- Product lifecycle management support

- Designing of an integrated automated systems

- Cooperative educational program with a Technical University of a Bishkek
(Kyrgyzstan)




Bee Pitron Co LTD. Profile

- The Company was found in 1992

- Representations: Saint-Petersburg, Moscow, Krasnoyarsk
- More than 50 employees

- Strategic partner of ITMO University

- Developer and integrator of a PLM-solutions (supplier of a

software, education, consulting, engineering, R&D)
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Human resources management (HR) cooperation

5 employees Bee Pitron Co LTD are studying the Master Program in
ITMO University

4 employees Bee Pitron Co LTD are studying the PhD Program in ITMO
University

* 30% of employees are graduated of ITMO University (Department
Instrument-Making Technology "ITMO" )

 Employees of Bee Pitron Co LTD are supporting an educational process
of CAD/CAE/CAM/PDM systems

* Collaboration for joint projects



Projects
::3&:53: Development of basic design processes for new-generation
.0 polymer composite devices for aerospace, navy and other
ITMO UNIVERSITY . .
applications.
Development of design and manufacturing processes for
compressor stator blades based on polymer composite
materials.
@ Development of manufacturing processes for spacecraft’s
PELUETHEB primary structure components based on polymer composite

:
e materials.




Projects

%1 = :r% Conceptual design of magnetograph main mirror for
R e AR . o]

GEIIGENS Interhelioprobe space mission.

Conceptual design of light weighted main mirror for
TACHOMAG space telescope . Reliability and shape
stability criteria analysis.
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Integrated application of CAE-systems for product or material design

Advanced compound of a polymeric composite matenial i i a
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Federal programs

The University purchased a software and equipment in a frame
of implementation of the Federal Programs(11):

1. Development of an innovative education
programs (2007-2008)

2. The development programs of the
National Research Universities (2009-2018)
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Engineering center laboratories

Information laboratories: virtual model development

Integrated Manufap turlng Applied software
: . process simulation :
information systems : systems design
laborato modelling laborator
Y Laboratory y
Results of a virtual A Results of an
modelling and research,
analysis recommendations,
knowledge
Technological laboratories: acquisition of a physical models
Additive Intelllgent Control and
: technological : :
technologies . measuring equipment
laboratory equipment laboratory
laboratory
Surface mount Injection molding Automated assembly
technology
laboratory laboratory
laboratory
13
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Integrated usage of the academic laboratories resources

Laboratory of the
rapid prototyping
Academic laboratories: scan of a detail machining Modelling Delivery a 2D model
Integrated usage of a point cloud ina CAD system ofa detai.l ona ra;?id
of an equipment prototyping machine
< e € €«
Yes
Development Delivery amodel Is it prototype Valuation of Culturing a prototype
of aCNC code in a CAM system meets the a prototype model
requirements? Laboratory of the
rapid prototyping
No
Delivery of the Adaptation of
CNC code on a 3D model in
a machine unit with a CAD system
a CNC. Manufacturing
of a details molding tools).
Labonory o machine Integrated usage of an equipment
unit with a .

of an academic laboratories
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3D printers Dimension n Objet

DIMENSION 1200es SST

Size of a worktable: 254x254x305 mm
Layer thickness 0,254 mm

Minimum thickness of a wall: 0,25 mm
ABS + plastic material 9 colors

Objet EDEN 350V

Size of a worktable: 350x350x200 Mm

Resolving power micrometer (dpi): X 42 (600) Y 42 (600) Z 16 (1600)
Minimum thickness of a wall: 0,6 mm

Maximum performance rate: 20 mm/4ac

Maximum self-supporting operating period: 72 hours

Material: photopolymers

15



3D-scanner ATOS |

Number of points after the one measurement:
2,000,000

Small measured volume: 125x100x90 mm
Measuring accuracy for a small volume: 50 MKm
Large-scale measuring volume: 500x400x400
KM

Measurement accuracy for a large-scale
volume: 100 MKm

16



Additive technologies.
Implementation support of inner and external projects

Support of the : Lens in the framework for LED
L Paintball gun :
assembling line optics




Capstan and turret lathe HAAS SL-10THE

Maximum positionable diameter:

over the bedplate - 413 mm

over the carriage - 203 mm

Maximum machinable diameter - 279 mm
Maximum length of the machining (if the turning operation is between the centers) -
356 Mm

Maximum length of the turning operation for an ordinary tool- 285 mm

Maximum spindle speed - no 6000 RPM
Accuracy

Positional accuracy *=5um

Positioning precision*2,5um

Milling machine HAAS Super Mini Mill

MILL

Operating space

X axis motion: 406 mm

Y axis motion: 305 mm

Z axis motion: 254 mm
Spindle height from the table: 102-356 mm
Spindle

Spindle speed: 10000 R.M.P.
Spindle horsepower: 11,2 kW
Accuracy

Positional accuracy =5um
Positioning precision®2,5um
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Modern CNC-equipment

MepemewerHna XY Z (240 x 240 x 240) mm.

CkopocTb nepemetyeHuin, mm /muH 0,005 - 12,000

Micromilling 5-axis CNC machine Primacon PFM 24

Ngd
Sl%ge positioning: +/- 1,0um
Positioning precision : +/- 0,5um

. .

YckopeHwue, 10 m /cek?

Pabounin cton XY Z (345 x 295 x 180) Mm

ToyHocTb (no VDNDGQ 3441 ): +/- 1 Mkm
MoBTOpsiemocTb: 0,5 MKM

MosuuymnoHuposanue: + /-1,0 Mkm

Cuctema 4rly - HEIDENHAIN

3axunmHon naTpoH 32-MecTHbIN (Makc. AnvHa MHETp. 107 mm, makc. gnameTp 40
MM)

Cuctema cmasku 1 OXnaxaeHus

Cuctema MUHUMAarnbLHON CMasku - TYMaH

Cuctema oxnaxaeHua + CTabunusaTop Temnepatypbl

OnTtunyeckne npnbopbl:

Ontunyeckuin npudop, 30 - KpaTHOCTb YBENNYEHNS

M3ameputenbHble cuctemMbl

J'Ia3epHas=| nameputenbHasa cuctema

3amep 3aroToBkM, Nepefaya AaHHbIX Mo UHpakpacHomy kaHany - 3-D TecTep

Conno Ans 04UCTKN MHCTPYMEHTa

OnameTp uHctpymerta — ot 100 MKM 1 MeHee

OTHOLIEHVSA AnWHBI K AnaMeTpy MHcTpymeHTa: ot 10 go 100

ToyHocTb, 0,1 MKM 1 MeHbLLE;

LLlepoxoBaToCTb NOBEPXHOCTM Ra — OT 0,2 MKM. 1 MEHBbLLE;

O6pabaTbiBaeMble TOMLWMHbLI CTeHOK AeTanen —ot 0,5 MM. 1 <

19
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Measurement technologies

MpuHUKMN U3MmepeHnn

KOHTAKTHbIN, C NPUMEHEHMEM
6€e30MopHbIX LWynos

Knacc TouHoCcTH No
DIN4772

Knacc 1 (3%)

Pa3peweHue

0,001 mKkm

OnvHa TpaccupoBaHuma It

nepemeHHana ot 4o 0,1 - 200 mm

U3amepaemble napameTpbl
LLepOoXOBaTOCTU:

DIN EN ISO 4287

Ra; Rz; Rmax; Rt; Rqg; Rsk; Imo; lo; Rdg;
da; In; La; Lg; Rz-I1SO; R3z; Rpm; Rp3z;
R3zm; Rp; D; RPc; RSm; Rpm/R3z; Ir;
Rku; tpif; Rdc; tpia; tpip; tpic; Rt/Ra;
Rz1; Rz2; Rz3; Rz4; Rz5; Rmr; Rmr%,;
Api

NpodunbHble napameTpbl
no DIN EN ISO 4287

Pt.; Pp; Pz; Pa; Pq; Psk; PSm; Pdq; Ip;
Pku; tpaf; tpaa; tpab; tpac; PmrO; APa;
APa%; Pmr; Pmr%; Pdc

MapameTpbl BOIHUCTOCTH
no DIN EN ISO 4287

Wt.; Wp; Wz; Wa; Wqg; Wsk; WSm;
Wdgq; Iw; Wku; Wdc

Profilometer
Hommel Tester T8000

20
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Measurement technologies

| 122

Neo Ra, um
1.1.1 0.08
1.1.2 0.10
1.1.3 0.10
1.1.4 0.08
1.1.5 0.09
1.2.1 0.07
1.2.2 0.34
2.1 0.05
2.2 0.04
2.3 0.03
3.1 0.06
3.2 0.04
3.3 0.13

R- Profile aligned Filter 1ISO 11562(M1) Lc=0.080 mm

05
0.0 PN A W, S Fia W’\
v"\r‘
[um]
05
048
probe TKU300 Lt=048 mm Vi=0.05 mm/s
Pt 11.89 pm
Ra 0.08 pm 1 1 1 -
Rq 0.10 pm
Rz 0.20 pm
Rmax 0.26 ym

Length = 16.0 mm Pt=58.6 pm Scale = 100 pm

21



Measurement technologies

Coordinate measuring machine Global Performance

Part sensing according to the sketch or draft;
Conformance audit to the mathematic model
Reverse-engineering

Xopg oceun (Mm)
X Y

performance
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Measurement technologies

Measurement by test points or product
full scanning and comparing with an basic
3D model

I
Vi Tpynns: :
Tpynna#3 v |
[Paccronrme nomxona = 100000 |
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KOMMEHTAPHIA

3 1-x mm)
B3 1-vMm)
1-Z(MM)
#3 2-x vy
B3 2-vMm)
BYz-zm
#Y 3-x mmy
£33-vmMm)
B3 3-z(mm)
B3 4-x (mm)
BY 4-vMm)
B3 4-z(Mm)
B3 5-x (Mm)
B3 5-vMm)
3 5-2Z(MM)
£ 6-x (Mm)
By 6-vmm)
B 6-zmm)

0.000
-8.929
-0.573

0.000
-5.338
-0.533
-6.549

0.000
-0.457

-10.995
0.000
-0.387
-3.508
-2.147
0.000
-4.255
-16.821
3.950

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050
0.050

W3MEPEHO

-0.051
-8.930
-0.568

-0.049
-5.342
-0.529
-6.553
-0.069
-0.459

-10.996
-0.096
-0.379
-3.510
-2.151
-0.011
-4.265

-16.881

3.971

oTKN

-0.051
0.000
0.004

-0.049
-0.003
0.004

-0.004
-0.069
-0.002

-0.001
-0.096

0.008
-0.002
-0.004
-0.011
-0.010
-0.060

0.021

BHE_AON.

0.001

0.019

0.046

0.010
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Usage of equipment in the projects.
International project "Specter - UF"

Engineering of the technologies and manufacturing a block of
spectrographs, included in the system of telescane T-170M

= Building a 3D models of the die inthe =
CAD/CAM-system Cimatron E :

» Engineering and execution of the | E
technological documents with a CAD- I ‘
system Compas-3D and CAD-system
«Vertikal»

» Designing of the toolpath contour

= Designing of the CNC in the CAD/CAM-
system Cimatron E for a vertical-milling
HAAS SMM

» Assemblage of the assembly-and-
disassembly device

= Optimization of the technical process
and manufacture a frames

= Control of the asperity parameters on
the profile recording instrument

= Control of the sizes accuracy with
coercive force meter 24
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Injection molding machine
Ferromatik Milacron EE30-55

AduameTp WHeKa MM 18
[JasneHve BNpbICcKa bap 2500
Pabouunii o6bem LUAUHAPA M 19
MNepemelteHme WwWHeKa MM 75
Bec oT/IMBKK, MaKcC. r 17
O6bem NOTOKa BNpbICKa cm/c 52
[OnvHa WwHekKa L/D 22
YcTtaHoBneHHas "rpetow,an” MoWwHOCTb KBT 4,8
Konnyecrtso 30H Harpesa 4
3aKpbiBatoLWMA BNOK

Ycunue 3aKkpbiBaHUA KH 300
Ycunume pacKkpbiBaHMA KH 105
LLnprHa packpbliTUA NUTbEBOWN GOPMbI MM 250
JonycTumblidi Makc. macca "MTbeBoi Gopmbl Kr 200/ 100
(noaBuxkHas /HenoaBUKHan)

PaccToaHue mexay nanTamm, makc. MM 580
PaccTtoAaHue mexkay KonoHHamu B ceeTy H x V MM 300 x 300
Ycunue BoiTankusatens KH 25
XogA, BblTasnKMBaTena MM 100
ObLLMe XapaKTEPUCTUKM

O6wan notpebnaemas MOLWHOCTL 3 KBT 11
Pasmepbl mawuHbl [ x LU x B MM 3420 x 1200 x 1840
Macca HeTTO Kr 2700

25
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Integrated process of development and manufacturing

Ne ' Process stage Software Equipment
. CATIA, Zemax,
1 | Designing a product OOEELIE
. . . Objet Studio, 3D-printers Objet and Dimension
2 | Applying an additive technologies Catalyst EX
Modelling a molding processes Moldex3D

Designing a molding forms

CATIA Cimatron E

Preparing to manufacture. Manufacturing
a shaping part

CATIA Cimatron E

Processable centers Haas u
Primacon

Control of a shaping part

PC-DMIS CAD++

Coercive force meter Global
Perfomance,
Profilometer Hommel Tester T-8000

Product manufacture

Moldex3D

Injection-molding machine EE30-55

Control of a product

ITMO Laboratories

ITMO Laboratories

Developing an integrated automatized
system

SmarTeam
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Project: «Design and manufacturing technologies of
optical items from polymer materials»

1 —part of a draft 4 - CAE-analysis in a Moldex3D 7 - control of a resting potential

2 - CAD-model of a shaping part 5 - aluminum shaping part 8 - control of material
3 - shaping part prototype 6 - end product

27



Applying of additive technologies
in injection molding processes

Additive technologies in
a processes of injection
molding for
a thermoplastic materials

Experimental kit A shaping part Visual simulation

of a shaping part and cooling system of a CAE-computing
(from metals)

Master model for a molding
in the silicon forms

I | l
/7 N a

|
N\
PolyJet s
SLA EBM 2 : 3DP PolyJet
FDM LENS * B | (InkJet) SLA
SLS LOM P opgH
\_ J Y, J N\
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Potential of engineering center cooperation

| BAE

Y 000 "WnxeHepnas pupma Ab YHuBepcan”

5

I /
ol  Techmscue SMART
PP, ILMENAU / TECHNOLOGIES

I laas Automation Inc.

Department 7
7

Instrument-Making = 7
,L!Technology "ITMO" EI , l e

PRIMACOI)

==beE pITRON ¢!

& TRIOPTICS

MONAECH

gl .
€ Cimatron
0 29



Scientific, educational and industrial problems

« Design and manufacturing of prototypes and prototype parts in
the performance of R&D

 Researches at all stages of integrated process

« Technology development projects, processes, data
management in automated systems

« Accumulation of technological knowledge bases and data

« The integrated process is considered as part of the model of
digital production

30
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Intelligent manufacturing systems

1. Process modeling of automated device assembly and
installation of prototype assembly line;

2. Development of systems for industrial process control
based on automatic identification of objects;

3. Development and applying new additive technologies.
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1. Product model

e 3. Automated assembly line
2. Model of the production system optical products
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Brackets strength analysis for assembly line components
before manufacturing on additive equipment

Graphs of the distribution of loads in the structure when
pressure is applied and the displacement structure

Small h =
bracket '

A=l
a 507-006 ¢
s1zv0olfil = 4.73-005(%8
505, (NON-LAYERED) 2914001 oy 439-008= 1
124001 2.70+001 e 406-005—*
26000011 3.72-005pm ¢
2294001 % 338008 £
2084001 3.04-00
1674001 270-00
. N 1664001 23700
o= . 8 . 1464001 20300
& Big bracket 125000 1690
.‘. 1.04+001 1.86-00
. 324001 1.01-00
6244001 676-00
2164001 388-008
P 2‘284'33 default_Fringe
B A— 1 B2 default_Fringe Max 5.07-006 @Nd 29
b orierignd Max 3124001 @Nd 65 Min 0.@Nd 34
Min 1 14-003 @Nd 297 default_Deformation :
o o™ T Max 5 07-006 @Nd 29
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Intelligent manufacturing systems

1. Process modeling of automated device assembly and
installation of prototype assembly line;

2. Development of systems for industrial process control
based on automatic identification of objects;

3. Development and applying new additive technologies.

36
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Adaptive management of an intelligent sensor systems,
based on a data measurement of a CAE-computing and
providing a simulation modelling

& — — = )» Achievement
p R— » of common goals Ag
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Basic structure for automatic process control system

Auction Based
Priority
Task Priority FIFO
Control
Tool
. Availability
Execution
Calculation )
Row Material
Object at Availability
Regular flow
current work
control .
station

Out of

Ressources
Work stations
Tool Disability

Internal
Transport line Hindrance K
External
Ultrasonic
Object under Failure
construction detection
Image

recognation

Production
line

38



Intelligent manufacturing systems

1. Process modeling of automated device assembly and
installation of prototype assembly line;

2. Development of systems for industrial process control
based on automatic identification of objects;

3. Development and applying new additive technologies.

39
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Hybridization as a key element of

technologies development
Hybridization of equipment(AdapTEQ):

modern additive

Development of a universal device that
combines the capabilities of different types of

ipment D
equipme Hybridization Hybridization
Hybridization of materials(PCM in AT): ol iteells | | O iEele

New types of materials that combine several
components and require specialized
technology of mixing during manufacture of the
product

- i Hybridization of
Hybridization of technology: equipment

Correcting deficiencies technologies by
combining various processes or integrating
NEW Processes with existing ADAPTEQ, Abbr. from the ADAptive Platform of Technological Equipment

Platform of Adaptive Technology (ADAPTEQ) is a software-hardware complex for the
creation of various types of industrial equipment with numerical control. The basis of
ADAPTEQ - universal chassis, which serves as a mechanism for moving the working
bodies that determine the type of of equipment and TAPS (Technological Automation
Python based System - process automation system based on high level programming
language Python) 40




ADAPTEQ.
The principle of modularity in hybrid equipment

ADAP
TEQ

UTC - Universal Three-axis Chassis

WM - Work Module (Remanufactured piece of
equipment what allowing make a conversion from one
type of device to another type)

Equipment that can be created on

the basis of the proposed platform:

Lathe and Engraver 3D-printer
milling CNC
. - -
Pick'n’Pla Sorter Dispenser of
ce chemical

open source machine reagents a1
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4. Measurements 5. Testing

42
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Thank you !
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