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Cile a obsah prednasky/cviceni

* Uvedomit si, procC se hloubégji zabyvat ekonomickou strankou
* \yznam ekonomického hodnoceni

e Co vSechno ovlivihuje ekonomickou vyhodnost (efektivnhost) vyuziti
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1. Nakladovost ruznych technologii a sériovosti

ZDROJ: [1,2] USTAV RIZENi A EKONOMIKY PODNIKU 2
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1. Nakladovost ruznych technologii a sériovosti

- Rozmery: 140 x 70 x 1,5 mm.
- Material: nastrojova ocel (MS1).

Flinnomia

ZDROVJ: [3] USTAV RIZENI A EKONOMIKY PODNIKU
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1. Nakladovost ruznych technologii a sériovosti

S

Vyroba flash-disku — porovnani celkovych nakladt na kus
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(Hustrativni obrazek)

W Aditivni technologie M Frézovani
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1. Nakladovost ruznych technologii a sériovosti

Higher cost .
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per unit Conventional manufacturing 0 - = 7 ?
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— Number of Parts
Units manufactured (volume)
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1. Nakladovost ruznych technologii a sériovosti

i

Vyroba flash-disku — Zavislost pridmérnych nakladd na kus na objemu produkce
60 000

50 000

e

Pramérné naklady na kus [K¢/ks]

o5 10 1,5 2,0 2,5 3,0 3,5 40 4,5 50 55 60 65 70 7,5 80 85 9,0 9,510,010,511,011,5
Objem produkce [tis. ks]

—3D tisk —Frézovani
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1. Nakladovost ruznych technologii a sériovosti

b

Vyroba flash-disku — Frézovani Vyroba flash-disku — Aditivni technologie
Skladba nakladl [%] Skladba naklad( [%]
1%/‘0% m Odpisy frézky 2%_\2% m Odpisy tiskarny

29% 26%

‘ m Odpisy budovy m Odpisy budovy

m Mzda operatorl m Mzda operatorl(

Udrzba Udrzba
0% = Odpisy SW O/) / = Odpisy SW
0
m Naklady na nastroje 1% / 62% m Odpisy vybaveni na
(0] v ,
56% 4% | dokoncovaci operace

m Naklady na material m Naklady na ND

3%/ 0%

1%
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1. Nakladovost
ruznych technologii _
a sériovosti |

~» 1,200

v

p 400

. Conventional process
|

materna

~p 310

Conventional process |
process i

| 150
AM: post processing i
AM: m and 7 2? 7
process — .
Common rail Brake caliper Sun gear Fan impeller Turbine blade
m=11kg m = 3.1kg m=0.9kg m=29kg m=0.8kg
. v =140 cm?® v =T1150 cm? v=T10cm? v =370 cm? v=90cm’
Source: Roland Berger 1.4307 3.321 17223 1.4832 MAR-M-509
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1. Nakladovost
ruznych technologii
a sériovosti

B rer-L
Powder bed fusion by laser
B rsF-es:
Source: Roland Berger Powder bed fusion by electron beam Part
performance

lé(bst
. MJ: Material jetting

. DED-powder: Direct energy deposition
Lot size

powder by laser
B BJ: Binder jetting

- DED-wire: Direct energy deposition

wire by laser EXT: Material extrusion

ZDROVJ: [8] USTAV RIZENi A EKONOMIKY PODNIKU
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1. Nakladovost ruznych technologii a sériovosti

g

3x
AM cost

0.6x

% Al\l cost il
(s
"N "
L]
- :

Low post processing effort, High post processing effort,
e.g. bracket e.g. fuel injection nozzle

I Post processing I AM process and material
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2. Nakladovost celého vyrobniho procesu

ZDROJ: [12,13,14,15] USTAV RIZENI A EKONOMIKY PODNIKU
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2. Nakladovost celého vyrobniho procesu
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ZDRO!J: [16,17] USTAV RIZENT A EKONOMIKY PODNIKU 12
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2. Nakladovost celého vyrobniho procesu
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IM 5000
™ Machine operator cost per partb 0.018
M Material cost per part 0.011
» Machine cost per part 0.083
m Assembly cost per part 0.035
® Mold cost per part 6.240
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3. Nakladovost ruzného reseni

ZDROJ: [18-24] USTAV RIZENI A EKONOMIKY PODNIKU 14
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3. Nakladovost ruzného reseni

ZDROJ: [-] USTAV RIZENI A EKONOMIKY PODNIKU
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3. Nakladovost ruzného reseni

S

Materialové naklady — titan
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3. Nakladovost ruzného reseni

Vyroba flash-disku — hlinik

_ OEMs _ Independent suppliers
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2000 Bl — E
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Frézovani Aditivni technologie

ZDROVJ: [5,9,28] USTAV RIZENi A EKONOMIKY PODNIKU 17
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4. Dopad velikosti stroje (rychlosti vyr.) na naklady

ZDRO!: [9]

-Small single-laser

_Small multi-laser

Sample machines?
CL M2 cusing EOSM 290

-

Renishaw Realizer SLM 2807
SLM 250 Single

| " ;
W i =

Sample configuration
Investmentcost: EUR >0.5m?
Build rate (IN718): 10-15 cm%h

250x250x300 -
280x280x350 mm

AM 250

Build chamber:

-Large machines

Sample machines?

CL M2 cusing SLM 280
Multilaser Twin

= &

Sample configuration
Investment cost EUR 0.5-1 m?

Build rate (IN718): 20-25 cm*h

Build chamber:  250x250x300 -

280x280x350 mm

USTAV RIZENI A EKONOMIKY PODNIKU

Sample machines’)
SLM 500+ EOS M 400

Sample configuration

Investmentcost: EUR>1m?
Build rate (IN718): 40-45 cm*h

Build chamber:  500x280x325 -
800x400x500 mm

18



FAKULTA
STROJNI
CVUT V PRAZE

4. Dopad velikosti stroje (rychlosti vyr.) na naklady

o

W

Naklady v EUR/hod Naklady v EUR cent/g (mat. Inconel 718)
140 70
120 60
100 50
80 40
60 30
40 20
20 10
0 0
Small single-laser Small multi-laser Large machine Small single-laser Small multi-laser Large machine
B Min. H Max. B Min. B Max.

ZDROJ: [9] USTAV RIZENT A EKONOMIKY PODNIKU 19
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4. Dopad velikosti stroje (rychlosti vyr.) na naklady

Hybrid applications

&) U (8@

. SLM Solutions Matsuura Arcam DMG Mori Hermle
High (hybrid) (hybrid) (hybrid)

A
\\
10
Low
i

Build rate [cm*h]

fe

W

\\
20 200

— Printing resolution ——

4
Metal

Direct

energy

application
(MPA)

deposition
(DED)

ZDROVJ: [9] USTAV RIZENi A EKONOMIKY PODNIKU

20



FAKULTA
STROJNI
CVUT V PRAZE

5. Dopad automatizace a integrace na naklady

- Manual unloading

Manual Powder handling
unloading station & sieving station

Typical AM system setup

Build box &
handling system

- Automated unloading

Automation concept study for AM system

Fully automated
unloading station a

ZDRO!: [9]

Integration concept

Exposure

Additive Industries

Controls AM AM

Core 1 Core 2

Heat
Treatment

Storage Exchange

MetalFAB1 Max (11 modules)
MetalFAB1 Productivity

odul
MetalFAB1 Basic (BTHONEE)

(3 modules) m -
{ g‘_’ 23 ¢ »
Waal=|
\&

Modular scalable
design allows for expansion of
capacity, functionality and number of materials

USTAV RIZENi A EKONOMIKY PODNIKU
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5. Dopad automatizace a integrace na naklady

1 Job setup station

Allows a new build job to be set -ICP
up and a finished job unpacked -LECO
Material Microtack
2 Unpacking station Zone MITSUBISHI
Removes powder by turning and +Continuous melting and casting POWER
shaking the build chamber Powder manufacturing equipment

3 Job transfer

Transfers new and built jobs 5 *Mlab
between stations 3 ND +Formup 350
N *Modulo 250

7 N | . -ATOS :
\ : N 3 4 AM machines +3D shape measuring apparatus | :E’r‘gzgs'""e"tc
A Y Qw 1 [ Additive Manufacturing of parts :?E:‘S“ S asiiar
| 1 *Hermle C32U
l Powder handling station
| Centralized and automatic powder Zone}
conveying and sieving

Modularization concept comprising several AM systems and peripherals (Source: EOS)

ZDROJ: [9,29] USTAV RIZENT A EKONOMIKY PODNIKU 22
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6. Udrzitelnost — N. na vyrobek x p

rovoz X likvidaci

Width: 72 mm

ZDROJ: [30,31,32] USTAV RIZENI A EKONOMIKY PODNIKU

Width: 72 mm
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6. Udrzitelnost — N. na vyrobek x provoz x likvidaci

ZDROVJ: [33,34,35] USTAV RIZENI A EKONOMIKY PODNIKU 24
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7. Vliv parametru vyroby — zaplnéni

ZDROJ: [36,37] USTAV RIZENI A EKONOMIKY PODNIKU
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7. Vliv parametru vyroby — zapozicovani (postup)

b

W

(a) (b)
additive manufactunng ‘ | '
direction . 4
() (d)
F .
=
| 4
g_
=
£

Angle: 90°

ZDROJ: [38] USTAV RIZENT A EKONOMIKY PODNIKU 26
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7. Vliv parametru vyroby — kvalita (rychlost)

ZDROJ: [39] USTAV RIZENT A EKONOMIKY PODNIKU 27
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8. Naklady dle mista (dodavatelsky retézec)

$8,000 m Total Rent/part
$7,000 M Total Cost of Heat-Treatment
& HIP/part
$6,000 m Total AM Energy Cost/part
& M Total Labor Cost/part
5$5,000
2 m Total Other AM Consumables
244,000 Cost/part
% M Total AM Material Shipment
Cost/part
$3,000 /p
Total AM Material Cost/part
$2,000 m Total AM Equipment Annual
Services Cost/part
$1,000 M Total Ancillary AM
Equipment Costs/part
s L [e— T— [—" M W Total AM Machine-Related
Mississauga, Dayton, OH, Warton, Tijuana,  Beijing, China Costs/part
ON, Canada us Lancashire, UK  Mexico

ZDRO!J: [40] USTAV RIZENi A EKONOMIKY PODNIKU 28
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9. Vyhodnoceni podnikatelského modelu

e AUl -l* 9 e — - e E - -

Cost Cost
A A
\ Additive Manufacturing Additive Manufacturing /

High Speed Additive High Speed Additive
Manufacturing Manufacturing

Convenw_ : Conventional

Manufacturing Manufacturing

Lot snze Product complexity
v v’
Innovative business models Innovative products

ZDRO!: [41]

USTAV RIZENI A EKONOMIKY PODNIKU 29
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9. Vyhodnoceni podnikatelského modelu

o Lightweight
e Less material

« [l: / roperties
- < - structure prope

e Improved mechanical
e More durable

Traditional process
cost advantage
A
Unit
manufacturing
cost

Additive manufacturing (AM)

R

Traditional process

Part complexity

ZDROJ: [42] USTAV RIZENI A EKONOMIKY PODNIKU
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10. Dopady zrychleni vyvoje

| 100 %

[PRODUCT| PART | TOOL | TOOLMANUFACTURING | ASSEMBLY | FUNCTION | A Premisteéni nakladu
DESIGN [DRAWING| DESIGN |(FOR SERIALPRODUCTION)| AND TEST | TESTING Naklady pri vyuziti digitalizace
[ ' KE
FIXTURES 1
SPECIALTOOLS Kr'ivka- |(|asic|(.é pripravy
DOCUMENT sériové vyroby
BROCHURE Digitaini priprava
Small Size Full sérlové wroby
[ Production [*— Production )|
i - usetrené | naklady N doladavani
PRODUCT TOOL TOOL - — — po zahajeni
| DESIGN DESIGN |[MANUFACTURING | vyroby
navy seni
s+%| FUNCTION nakladd
TESTING |
FIXTURES Time and cost savings by B oy
SPECIAL TOOLS NEW WAYS IN MODEL — viohniho
MANUFACTURING Lasu procesu
‘ >
BROCHURE piipravne etapy zahajeni cas

» Time Cost 18 vyroby

ZDROJ: [43,44] USTAV RIZENI A EKONOMIKY PODNIKU 31
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S, I S RENT, NCVRENT) BN N

[EEY

1970

ZDROJ: [43]

10. Dopady zrychleni vyvoje
Relativni Cas realizace projektu a slozitosti dilu

1975 1980 1985 1990 1995 2000 2005 2010

emmRelativni slozZitost dill a prototypU es=Relativni ¢as realizace projektu

USTAV RIZENi A EKONOMIKY PODNIKU
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10. Dopady zrychleni dodani (servisu)

* Oprava horaku plynovych turbin (misto 32 tydnu, 3 tydny)
e Oprava vojenské techniky primo na bojisti

ZDROJ: [9,45] USTAV RIZENT A EKONOMIKY PODNIKU
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11. Vyhodnoceni investicniho rizika

ZDROJ: [46,47,48] USTAV RIZENI A EKONOMIKY PODNIKU
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Dalsi duvody ...

12. Vyhodnoceni efektivnosti investice do stroje/technologie

13. Porovnani ruznych aditivnich technologii, ruznych stroju

14. Kalkulace orientacni ceny (pri objednavce od dodavatele)

15. Pochopeni zpUsobu propoctu kalkulacnich softwaru pro AT

16. Provedeni citlivostni analyzy (kapacitni vytizeni, tloustka vrstvy)
17. ...

ZDROJ: [-] USTAV RIZENT A EKONOMIKY PODNIKU 35
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16. Citlivostni analyza — naklady/kapacita vyuziti

o

W

Naklady na vyrobu sloupku rizeni v zavislosti na vyuzité kapaciteé
1200

[EEY
-
-
o

(0]
o
o

D
o
o

Naklady na vyrobu [EUR]
(@)
o
o

0

2120 2385 2650 2915 3180 3445 3710 3975 4240 4505 4770 5035 5300
Kapacita pripadajici na planovany objem zakazek [hod]

ZDROJ: [49] USTAV RIZENI A EKONOMIKY PODNIKU 36
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16. Citlivostni analyza — naklady/tloustka vrstvy

fee

W

Naklady a ¢as vyroby sloupku fizeni v zavislosti na tloustce vrstvy

— 1600 40
o
% 1400 35 3
& 1200 30 £
5 1000 25 =
0 Ne
o 800 20 ©
T 600 15 '
c 400 10 &
S 200 5 9
NS>
T 0 0 2
~ O N N D L) H 0 S O O D D P > =
T ORI R e A T I S G CC N >
E FIFIFTTFTFITITEF TS F S P 8

Tloustka vrstvy [mm)]

M Naklady na vyrobu [EUR]  —Celkovy ¢as vyroby [hod]

ZDROJ: [49] USTAV RIZENI A EKONOMIKY PODNIKU 37
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Duvody s neprimym dopadem na ekonomiku

* Moznost odlisit své produkty/nabizené sluzby a nabizet vyssi hodnotu
 Vytvareni silnéjsich vazeb se zakazniky (- customizace)

e Servis (vyroba nahradnich dilt) jako dlouhodoba sluzba zakaznikim

e Zkracovani doby potrebneé k uvedeni vyrobku na trh

e Usnadnéni vstupu na nové trhy

* Snizeni poctu dodavatell a vytvareni silnych a dlouhodobych vazeb

e RozSireni sortimentu (rozsahu) nabizenych vyrobkdu

 Snizeni nakladu, drivéjsi realizace zisku diky nizsSim fixnim nakladium
 Vlyroba slozZitych tvaru, netradicnich struktur

ZDROJ: [mnoZstvi rGznych zdrojd] USTAV RIZENI A EKONOMIKY PODNIKU
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