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Oveéreni montaze — proveditelnost a ergonomie manualnich operaci

DIGITAL MANUFACTURING
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SIEMENS

Pro € pro-aktivni ergonomie?
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Pro € pro-aktivni ergonomie?

= Diky digitalni simulaci vSichni kdo
spolupracuji na vyvoji produktu a
vyrobniho procesu si mohou
vizualizovat pusobeni budoucich
pracovniku, vyhodnotit proveditelnost
operaci a ergonomii pracoviste.
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SIEMENS

Pro € pro-aktivni ergonomie?

= Simulace umozni porovnat razné
varianty a najit nejlepsi reseni.

= Klicova navrhova rozhodnuti mohou
byt provedena a schvéalena v€as a na

zakladé sSirsiho porozumeéni a omezi se
tak fada zbyte¢nych kroku, které by se
objevily az pozdéji ve vyvaoii.

Aggion: Posture scoeptable f not maininined or repested for loag periods. |

update satyss|

usge | pwmes |
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SIEMENS

Pro-aktivni p Fistup k ergonomii — simulace lidského faktoru

Problem um se snazim é predejit, misto abychom fesili
jejich nasledky.

= [nterakce Clovéka a stroje vyhodnotime
pomoci simulace v 3D CAD modelu.

= FunkEni a ergonomické chyby objevime v
samem pocatku vyvoje.

= Zmeény v digitalnim prostfedi CADu jsou
mnohem mené nakladne a ¢asové narocné
nez zmeény na hotovem produktu.
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SIEMENS

Co je Tecnomatix Jack?
Virtualni lidé, Virtualni prostfedi, Reélné reSeni

= Jack/Jill je biomechanicky presny digitalni
model ¢lovéka s realnym fyziologickym
rozsahem pohybu kloubu a antropometrii.

= Jack umozriuje rychlé vytvarfeni simulace
pohybd. B
Video Clip
= Pomoci databaze populaénich prazkumu
definujeme velikost a tvar modelu pracovnika.

7 V4 - 7 7 o
= Podrobné nastroje pro analyzu vykonu, LmLcmﬂ 3|
46kg '

zatizeni a porovnani s ergonomickymi
standardy. B —




SIEMENS

Jack v praci

» Digitalni model prost redi

= V Jackovi, knihovna zakladnich objektu.
= [mport z CAD.

= Teamcenter, Process Designer, FCAD,...

» Model €loveéka, antropometrie
» Vlozime model ¢lovéka, uréime jeho
velikost - cilovy rozsah populace.

» Simulace pracovniho ukonu:

= Staticky AA

= Animace operaci
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SIEMENS

Analyza proveditelnosti a ergonomie manualnich operaci

Technologie

Bezpe énostni
rizika?

Je pracovni operace takto
proveditelna?

Cas, stihne se to v taktu?
T =0

= 3D layout = MTM analyza
= Dosahy

= Prostor

= Viditelnost Pramyslové
inzenyrstvi

» Je pracovni poloha ergonomicky prijatelna?
= Sily a zatizeni?

= Manipulace s bremeny?

= Zatizeni rukou pfi opakovanych ukonech
= Je pracovisté v souladu s legislativou a
podnikovymi ergo. standardy?

(NV 361/2007 Sb., EAWS, OWAS, RULA,
Low Back, EU 89/391/EEC, 98/37/EC,

CSN EN 1005, Force Solver, ...)

Simulace
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Je poloha pracovnika ergonomicky p  Fijatelna?

» Prizpusobeni pracovisté pro
rozsah velikosti osob v populaci
(montazni vysky).
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SIEMENS

Je v dispozici dostatek prostoru?

-

» Prostor (pro ruce, nastroje, télo), kolize. Video Cip
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SIEMENS

Kam pracovnici dosahnou?
» Obalky dosahu pro rtzné velké pracovniky.

» Optimalizace rozlozeni pracovisteé.
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SIEMENS

Co ruzni lidé uvidi/neuvidi?

» Bezpecnost

» Polohy
» Produktivita
>

Kvalita

Siemens PLM Software



SIEMENS

TAT - ergonomickeé analyzy, standardy a legislativa

» Je pracovisté v souladu s ergonomickymi
standardy a legislativou (361/2007sb.,EAWS,.. )?
= | ow Back Analysis

= NIOSH lifting (CSN EN 1005-2)

= Static Strength Prediction. fi'lp,,,.m e =
= Fatique Analysis F== mlu(g ﬁftﬂ |£§
= Manual Material Handling Limit (Liberty Mutual) =~ =5 =i m‘g;}%
» Metabolic Energy Expenditure B EJ;; E
- OWAS T EE

= RULA

—Strength Capability Summar
Percent Capable Summary
n - x N E:
M TM 1 TashEniry | Beports | gnotyses Summesy |
Elbew —
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SIEMENS

Podrobné ergonomické analyzy, TAT (Task Analysis Toolkit)

» Low Back Analysis

—] posterioR  ANTERIOR |~

| b Intervertebral

3400N (Low Back Compresion Action Design
limit).
6400N (NIOSH Back Compression Maximum
Limit)

1000N (L4/L5 Disc Shear, A/P Shear, Lateral
Shear)
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lovr back spinal forces (L4/L5)}

~low back spinal forces (L4/L5)

L4/L5 Forces

Compression - | ]
AP Shear I
Lateral shear i
T T T T T T T
a 2000 4000 6000

Spinal forces (1)
The low back compression force of 3747 is above the NIOSH Back Compression Action Limit of
3400 M, representing an increased risk of low back injury for some workers. It is recommended
that this job be modified to reduce low back compression forces.

L4/L5 Forces

Compression |
AP Shear =
Lateral shear :

T

i}

T : T : T
2000 4000 6000
Spinal forces (M)

The low back compression force of 3405 is above the NIOSH Back Compression Action Limit of
3400 N, representing an increased risk of low back injury for some workers. It is recommended|
that this job be modified to reduce low back compression forces.

—lows back spinal forces (L4/LS)

L4/L5 Forces

Compression || — : | 5 5
AP Shear [ | ] : i i i i
Lateral shear
T ¥ T ¥ T X T
(i} 2000 4000 6000

Spinal forces (N}

The lovs back compression force of 2112 is below the NIOSH Back Compression Action Limit of
3400 N, representing a nominal risk of low back injury for most healthy workers.
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Podrobné ergonomické analyzy, TAT

» RULA, OWAS

Statni zdravotni ustav

Centrum pracovniho lekafsivi

Metodicky marerfil

Nirodnilio referenénilio pracovitté pro fiziologii a pyrehefiziologii price

Ergonomické checklisty
a nové metody price

pii hodnoceni ergonomickych rizik

4.1 Metoda RULA (Rapid Upper Limb Assessment)

RULA = metodda wiena pfevidnd pro hodnocend nzika pofkozend homich koofetin. Taio
‘actodlen visk aliiape bodoocesl polob e 1 homich konletis (padd, pediokt] 5 iptetl),
ale také ke, trupu a cobon
[J]ad.md.wyrhfxnnfh]epep(xum akladni polah (flexe, extemar) ke casavenl tov
cikludobo skive, dile pou wvodeny popisy poloh pro ziskdsd dedaioimich bodi,
tzv. peonstaného skice 3 mumilnl modnd skér, Kierdho je molnd u jedootlivich i
dordlinoul. V hedkind jé rovetd sabito slive wlow — chiiove sohbedgici s 5 THit
wynaldidancn ph prici. popl. Easoné hlediskn phi peies se sobrazovac jednothon, 3 dkiee
s viiv i polaly pii pr
Vysledné hodnocend spotivh v odettn hodnoty celkovebo skée, ve kterém jsou zahmmty
veiket paianctry uspoladed do 3 abuld - A Ba €.
Skoer palohy komi kanéetmy (rapésts, .uh— .innnu} tabulka A
Slkoer postaveni ki, upe 3 nohon — tabalies
Sleter C = whier nbully A « Ikbﬂ'lm-‘-lh!lﬂ“ Fantbave
Slkoee [ = ghéne tabulley B+ skiee svalove + dedre silove — zandove
Cellenwt sleter = dodre C + dhoéee [ — tabulles

Hodnocen rizika podkozeni hornich kanfetin _
Pracovnk Datumas Preved!

i E}l.’. ‘ @’ ﬁ:\ "Wﬁ foegy
| e N = -

MUDy. Jana Hlavkova

Agr. Alena Valedkova
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© Rapid Upger Limb Assessment (RULA)
Tosk eeery | Beports Anaysis Summary |

JbTee: |
Locatiun; ]
commants: |
Body Groua A Posture Rating
;2

: Hormal, no extrems wse

Muscia Usa:  Harmal, no s:trems use

Forcelloads < 2 by intermithent kied

: <24
Mk suppertad
Legs and Peet Ratng

Seated, Luge and fred vl sepportad, Weight sven.

© Rapid Upgeer Limb Assessment (RULAJ E

Tosk eeery | Beports Analyss Summary |

Muscle Uisa:  Hormal, no extreme se

Foreafload: <2 kg

fedy Group R Fosture Rating
[ |
Trunk: 3
Total: 4

Muscia Usa:  Harmal, no s:trems use

Forcelloads < 2 by intermithent kied

e Mot supperted
Legs ond Feet Ratmg

Seated, Luge and bred vl supported. Wight sven.

Grand Score; 4

Action: Further investigation nesded. Changes may be required.
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Podrobné ergonomické analyzy, TAT

» NIOSH ||ft|ng Task Desriptions
Task# Description Avg. Load Max. Load O.H. O.V. DH. | D.V. | Dist O.A. D.A. F Dur. coupling
1 kotouc 20 20 52.167|37.5052.772|141.142|103.642| 0 | 0 .2| 1 fair

RWL=LCLCHM CVM LDM CAM LFM LCM

L Summary
SR e e
CLI: RWL: 7.54

Dl e CSN EN 1005_2 .-\rn'nn:Thrrhu_ﬂwt,isg:nwrﬂnntkrRco‘mvn‘rndrd]imi(for(hi:clack.Snmhra]ﬂnyworkrmwnuldﬁndlhi.-sjnbphytinlly9nr5$fu].'ﬂubllnwih.gmd'tﬁratiomaresugges(rd:
(Bezpecnost strojnich zarizeni 2002): B e e R
LI <0.85 Riziko Ize povazovat za pfijatelné.
0.85<LI<1 Existuje vyznamné riziko.
LI>1 Je nutné prepracovani stroje/operace.
Dle NIOSH:

LI>1 Znamena zvyseneé riziko poskozeni muskuloskeletarniho
systému a vzniku bolesti zad u jisté ¢asti pracovni populace. Je nutna
modifikace pracoviste.
LI >3 Témér vSichni pracovnici z populace budou vystaveny riziku
poskozeni.
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SIEMENS

Podrobné ergonomické analyzy, TAT

» Force Solver

ForceSolver

Human: [humanl i Ergonomic Analysis
[ Forces Sorthy: Joint —d Angle convention:  Jack  —d
¥ Lefthand

'Streng  Streng

% | tdome  hMuscl
Site: palmpalmcenter —1 | &, 55_Ui-jN |Jnintféxis |Capa  Use| nt o ﬁe‘g; Mtehan ﬂ&)gtﬂ

- ble (Mm) | Effect T
_ e . .

% vedy[ andz wd & i - _ 1105
| Skt - = RElbow [@EEMN~ 327 [FLN 838 [3186 |53
|LEbow [EERN 176 EXTN 5558 (1178 381
RShabad 7580 @ 3477 ABD G171 |42E1 1120

: . = # —
sils) [poln paiEenisy ﬁj 55.0 SN Lsnabad GHEENS @ 1365 ASD WBD”” 301 8.9

# nugf vl uglz[ oo RShFwdk [960 |~ 572 FwD 7738 4649 (1581

LshFwBk [GEBT |~ 363 BKw (EDO0 2317 (734

Clear all figure loads RShHmd {00800 & 084 - 4236|2538 B6Z

v Bight hand

LShHrr [9983 ¥ 265 [LAT | 5000 1636 |4.27
[ TrunkFbn (8318 v 3938 FLXN 080 (14760 (4325
Force distribution strategy:  twafest ik Eend@{ v 081 = 199 a541 1942
Trurik Turst ¥ onis - 018 5122 1552
Supporting Hand: none  —d el %E@ \‘
R Hip G818 v 1004 EXTM 160 10374 3921
External Support none \LHip G814 ¥ |-1029 EXTN 160 |10374 (39.21
Fiknee 876 ¥ -B07  FLWM 1008 8401 2697
|- Frequency and Duration LKnes 620 FL<M 1018 (8401 (2697
™ Use frequency/duration compensation P Ankle 2180 EXTN 1247 (9438 [258B

2203 ([EXTN 1247 (9436 [25.86

hj 3 ’7:| \LAnkle

rLimits

Fercent capahlethreshu\d'[ 75 D::*J

L4/L5 Compression limit (N):I[ 3400.0 i‘i

Sokver

L4/L5 AP shearlimit (0] 10000 3| | g0 Staring Load (N[100° 2] Mesimum Load (N) 3000 2]

L4/LE Lateral shearlimit (N):I[ 1000.0 i‘i

Usage ‘ Feset | Distriss I
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SIEMENS

Simulace pracovni operace

{ 3D model }

{ Statick& analyza, poloha, dosah, }

prostor, kolize, viditelnost, zati  Zeni

Jsou poti‘eba podrobn  &Si
analyzy a simulace pohybu?

Simulace
pohybu

4

Jack + Motion Capture
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MoCap - podpora nastroj a virtualni reality

-

Video Clip
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SIEMENS

Novinky Jack 7.0

Antropometrie:
= Novy model ¢lovéka s obleéenim a obuvi.

= VylepSeny nastroj pro zménu velikosti modelu.

= Pfidané databaze populace German
(DIN 33402) a Indicka populace.

ForceSoler
Human: [num J Ergenamic Analysis
Forces Sortby: | Joinl —i | Angle convention: | Jack —t
A I g ’l t'v 1 it L [ o s Strenglh Stencth
- % Momer =
na yza SI a Za |Zen|. Sita: | paim paimcenter 4 | L] [1san gy || dontmes o, Use o (tagy | Mean sutey
B T m i o | T
ﬂ :I ﬂ _I L Wrist Fhe -2.0 RN a0 L5} 29
2 Right hand R Wrist Dev 75 F fes [rap B0 Lo (35
L Wrist Dev 02 - By -
Vs 7 Vs Va4 7 Ve v Ve Shte: | polm, poimoenter 4 | 151 1o R Wr SuPr ‘e 121 A
» Pridana analyza zatizeni zapésti. - = s a2 o
ILEtbew |00 = 0.0 — —
b RO e RShabAd 87 00 (1158 363
ILshanad g00° oo [1oEs M35
nmpct kshFwsk 00 W 94 73

W 0o 31 @A
0 |- =
wa - =

Farce distribution girateqy: | two fest i L shEwit
R.Sh im0

Supparting Hand: = ILshumd  [TOOSSSF o0 - -

il B [Trunk Fie WBORSSSS 3.0 00 2226 (704
Dxtemal Support: | none 4 Trunk Gend JOORRRH - - Rl -

Trunk Twst 100 X r

Frequency and Duration R Hip &3 (191 7.7
T Dt Thpbencyl Aot cotmaasetin L Hip W &3 %61 77

piariel i ltaameina 7 Knee 18 1217 426
Froquency 1.0 3] Cyele tne (sac)finn 2] L Knoe N s e 426

RAnkde (100 W7D Mer e L
Freq/min:|1.0 Uisration: | 1402 30 —d CAnke 00 F - 70 w1 493
Limits-

Percent copable threshold:|  75.08] =
L4/L5 Comgpression kmit (N 3400.0 8] S
{ W) 10.0 Mamum N):(300.0 S
LA/LS AP shear kit {N):| 1000.0-5f —-m"—l FRda e 1) | Lond (! El

LA/LS Lateral shear bmit ():| 1000.0 2 vssge | Resst | owmes |




SIEMENS

Novinky Jack 7.0

TSB:

= QOptimalizace algoritmu chuze a chidze po
schodech.

= Predikce polohy na zakladé pusobici sily.

» Podpora soubéznych operaci pro pravou a
levou ruku.

75% Max
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SIEMENS

Novinky Jack 7.0

Ostatni:

= Export 3D layoutu pracovisté do jt formatu —
moznost prohlizet, méfit, ... v jt2go .

= Podpora 64 bit

= VylepSeny export reportu

= Moznost pfipojeni vystroje (napr. batoh,

helma) pfimo na body na kuzi.

Joint Torque(Nm)
fi83shditions8ss,
N

= ? RozSifeni komptability o dalSi nastroje
Motion Capture napf. na zakladé Wii
technologie pro trekovani ¢asti téla a inverzni
kinematiku.

0 —
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Shrnuti — cile simulace ergonomie v Digitalni tovarn &

= Zahrnout lidsky faktor do planovani vyroby dostate¢né v€as a
dukladné.

= QOptimalizovat pracovisté z hlediska funkénosti a ergonomie.
= ZvysSit produktivitu.
= ZKkratit Cas testovani realného prototypu a ¢as zabéhu vyroby.

= Minimalizovat pfidavné naklady souvisejici s nevhodnou
ergonomii.
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