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iImk Group of Companies

Business Segments

imk automotive x)

Consulting

Product Production Information Ergonomics Technical
Development Planning Technology Consulting
Ronny Gopfert Carsten Otto Dr. Jens Trepte Dr. Lars Fritzsche Ingolf Grul3ner

= Mechatronic = Assembly = Software = Ergonomic Work ||= Production
Systems - Bodyshop Development Design Strategies
= Structural . Loqistics = Support and = Qualification = Product and
Components g Service and Training Production
Optimization

Strategic Development

Dr. Wolfgang Leidholdt
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L Motivation for Virtual Planning imkouTomoTive

Digital production planning tools facilitate human-centered work design.

Costs
= Chances for redesign are best in an early stage of development due to
strongly increasing costs after product design freeze.

Efficiency
= Diqgital tools enable efficient testing of alternative planning and design

scenarios without physical mock-ups and any risks for operators.

Understanding
» 3D visualization helps to create a common understanding and thereby

supports collaboration between design, planning, production, safety, etc.

Availability
= Today, digital data is readily available in most companies’ PLM systems.
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I Motivation for Virtual Planning imkuu’romoﬂve &

Project Start Concept Decision Design Freeze & 1st Prototype Production Trials Start of Production

4 ® 66 o <

Concept Design Production Trials & Ramp-Up

“‘Lessons Learned” What parts and processes are critical in Productivity and Ergonomics?

Iy
Chance for Costs for
Increase . )
[%] redesign redesign

Virtual Planning Corrective Measures

v
& /
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I Reminder: Ergonomics = Productivity imkuu’romoﬁve x)

Days of Number
Sick Leave of Errors

| T
Lowest 25% Highest 25% Lowest 25% Highest 25%

Ergonomic strain in the team (AAWS) Ergonomic strain in the team (AAWS)
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I Humans in the “Digital Factory* imkuutomotive x)

Requirements for human simulations
were NOT fulfilled:

Realistic movements in 3D

= Human-machine interactions

Reasonable effort for gernerating simulations

Analysis of production time and ergonomics
based on industry standards
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I Tools for Human Work Simulation imkaufomoﬁve x)

Motion Capturing in Virtual / Mixed Reality

Optical tracking

ar-tracking. eu

IR flash fram

S
I"'|.
bracking cameras """"l.‘

) .
reﬂentedlklght'f:j

-_-l" ‘ -
calculated 7

~cptical ray*®

Head Mounted Display

Real and augmented objects

Results from
EU-Project
“CyberManS*

Motion Capturing Suit
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I Human Simulations based on Standards imkuutomotive X)

Page 12

Specific controller

A

3D-Simulation

3D simulation of robots
Feasibilty and reachability
Estimated tact time

\_/

Specific controller
(MTM & EAWS)

X

\ 4

Offline programming

Verified 3D robot simulation
Reachability analysis
Exact tact time

3D-Simulation

3D simulation of human work
Ergonomic risk estimation
Estimated tact time

\_/
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3D verification

Verified 3D human simulation
EAWS ergonomic analysis
MTM time analysis
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i Introducing the “Skilled Virtual Worker* imk automotive x)

emad uses a standard process language

and a library of predefined operations:

= get and place object
= use automatic tool
» ingress / egress car

= efc.

Not: step(s) forward - stand upright - bend - hand to object = pick = object to body = step(s)
sideward = turn - step(s) forward - bend - object to target -2 release - hand back

Instead: take part from box and place into device (= object reference)
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- emad Task Library imkouTomoTive

Object handling Body movements Manual activities

Pick object(s) Walk

Press / activate

Place object(s) Kneel / squat / stoop

Bolt down manually

Move object(s) to target Single step in default direction

Wipe on surface

Move object(s) to position Single step to target

Tool handling

Use hand tool

Hand over object(s) Full step

Move tool on path
Regrasp on object(s) Turn
Move hand to tool center point

Move object(s) on path Get into vehicle I e e e

Create link to object(s) Get off vehicle Head movements

Remove link to object (s)

i Body movements (extended)
i Slide to target

| Object handling (extended) i

Check / read

i Look at object
| Sit down i

Hand-Arm-Movements i i Stand up

Grasp

Move hand(s) to target The task library is continuously growing integrating

i Move hand(s) on path
| more predefined operations and movements.

Move hand to default position
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I ema Interface for Process Definition imkou’romoﬂve &

‘} emaV5 - editor of manual activities -8 %
| File Options Help

(4 imkuummmwsg)

| ub]e:cts] tadu"] Ergonomics ] results '\'|

. Creation of workflow . _ _
(Task ||brary \ \ﬁl\@@l e - muItipIe workers il |dear behaviors place object(s)6
v task library stand upd walkto targett | pick object(s)2  walk to target3 handle automatic tochandle automatic tohandle automatic toc I'I user defined name | place object(s)s |
¥ head maovement activities
¥ body movement activities lalk to ﬁrgetﬂ pick object(s)13 WEﬂ”eggﬂg 00 |
stand up
taeel donn ﬂz.s E bs o jzs 5 75 \o s s s o s it ofobcsto |, $
. place
sit down . .
e Drag & drop of Automatic calculation I ———
s /operation sequences of MTM standard time el (T
single step in directi to set-up entire placenent arget |, |
tum in direction work process
tum ko object object "”““e"t”:;f |straight movement .|
wialk on path
N\walk to target ) bady "“0"3";:;: |an|y pelvis movement allowed « |
» hand | arm movement activities
v object handling activites Parameter specification
encompass an object -
hand ohiect quer ‘

» Process definition by drag-and-drop using predefined operation sequences,
supplemented by the specification of task parameters (target location, etc.)
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I emad Interface for Ergonomic Evaluation imkuuTomoTive )

NETE
| Fil= Options Help
(mﬁ imk automotive LY)
objects | tasks ] E£rgonomics ."| results .\'|
Workert = | |cac. ergonomics| |axport ergonomics Posture analysis (type, duration) e o =)| (Total risk score )
ﬁmon | # | posture type | duration sum [s] | percentage [%e] | posturs score | twist score | bend score | reach score B overall score summation: I
) 1 ) 31.316 52,19 1 0 0 0 3
base cycle time [s] | 60.0 ‘ 1 posture score summation: 2
cycles per shift [£] | 480 ‘ 2 1 0.000 0.00 0 0 0 0 Ll 2
= twist score 0
influences by working on moving parts
_ _ ‘ 3 i 1.235 2,06 1 0 0 0 bend score m
working on oM |nn run while operating / just 1-2 ste «
objects . reach score 0f
‘ 4 1 0.000 0.00 0 i 0 0 \ ,
accessibility =
accessibility | from outside - ‘ 5 1 0.000 0.00 i 0 . . . .
_ Detailed analysis (e.g., spine flexion,
ibratio ntum, fol F fg
vibrations, momentum, forces E 1 0.000 000 0 0 body part height positions)
count o - 15004
ntensy [ight = ‘ 7 A 0.000 0.00 0 0 oot o o g P SIS, petas
joint postures ‘ ] ﬂ 0.000 0.00 0 0 ]
duration |0% - ::
‘ 9 }1 0.000 0.00 0 0 1100}
Additional workload = : ]
' . 10 H 0.000 0.00 0 0 osor
° (forces, extra strains) oo
N
special load | ng additional physical workloads A | 1 \“i\ 0.0 000 5 n
vl i =TS 2

= Semi-automatic ergonomic evaluation based on standardized EAWS tool
(Ergonomic Assessment Worksheet V1.3.3 © IAD and AMI 2012)
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emad Interface for Productivity Evaluation ImkGUTOfﬂOﬁVG

Workerd2 o | | [ H e | 50th percentilz, male, German, 0.0kg, ags: 35
cycle time |—55| 5 =l |# tvpe duration [s] | time relevant informations added value [%]
Ll 1 wait 1.557 4 a
working time [s] 14.45 || 2 walk 0.628 [~] -= gverall walkpath [m]: 0.775 o]
|Q ck chieci(s) [w] = :1a|1dd_ mu:_u\rﬁ d;stagc[n?gg[l:ll'n]: 0.551
working time (dean) [s] . 3|pick object(s 1.030 - load in right han : 2.000 a
| ] - type of picking: not defined
cycle balance time [s] ] - overall walkpath [m]: 4.127
| 4055 L 4 wak 3595 -> load in right hand [ka]: 2.000 0
duration of valus adding tasks | 7.3 -> load in right hand [ka]: 2.000
’ == hand move distance [m]: 0.656
[=] : i Lo
5| handle tool 3.602 -= gbject move distance [m]: 0.040 100
overall walkpath [m] | 4.9 -> type of tool movement: automatic
-=oycles [#]: 1
walking duration [s] 4.49 - load in right hand [kg]: 2.000
|Q - ha|_1d move distance [m]: 0.964
duration of standing postures —H 6| handle tool 3.631 -= object move distance [m]: D.D4D_ 100
[=] ' -= type of tool movement: automatic
-= oycles [£]: 1
duration of sguatting postures ‘ 3.6
[=] added value
duration of sitting postures [s] | 0
duration of kneeling postures ‘ 0
[=]
duration of by ostures [s
lying p [l | 0 legend
cycle balance time
value-adding
& non value-adding

= Analysis of value-added time, waiting, walk ways, workload balance, etc.
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I emabd Examples of Application imkGUTOmOﬁVG &
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ema® Examples of Application imkﬂUTOmOTiVG 0

Sichtbarkeit im Bericht (|

Farbe im Bericht || ~

Radius fir Positions- 250
Zusammenfassung
[mm]

[ imkfohzeug  [l] Meterialbersitsteliung
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emad in Product Development Process imkuutomotive &)

Project Start Concept Decision Design Freeze & 1st Prototype Production Trials Start of Production

4 ® 66 & <

Concept Design Development & Production Planning » Production Trials & Ramp-Up

s | € \ 4 ©

Concept Workshops Product Workshops Process Workshops Production Trials Qualification | CIP-Workshop

1 1
; i
= Planning premises = Product concept E = Product optimization = Line balancing = Training of i = Process
= Standard structure = Feasibility/Buildability | = Line balancing = | ayout design standard i optimization
= eHPV targets = eHPV analysis i = | ayout design = | ogistics process I = Productivity
= [nvestment targets = Time spread ! = | ogistics |
i E
1 1
i i
1 1
) (" """""""" _'i ) ) : 3
@ =g ¢ |d
1 1
1 1
Investigation of new concepts i Verification / Detailing of the Qualification of new i Simulation of
and technologies: I production process: work procedure i CIP-measures
1 1
= Feasibility i = F-time planning = Training of E = Layout
= Estimated production time I = Line balancing standard work i = Walkways
= Estimated ergonomics risks i = Layout design process using i = F-time
i = Ergonomics assessment ema-simulation ! = Ergonomics
1 1
! '
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emad in Product Development Process imkauTomo’rive

Durchgéngiger Ergonomie-Prozess N -53
- die richtigen Werkzeuge in jeder Prozess-Phase =

PM PP ) PF

Produktdefinition Produktentstehung

Komponentenentwicklung Serienentwicklung / Serienvorbereitung

3P-Konzept 3P-Produkt 3P-Prozess 3P-Anlauf

Konzeptbeeinflussung Bauteilbeeinflussung Arbeitsplatzbeeinflussung

Ergonomiecheck

@ s | Konzept
H Simulation mit ema

Ergonomischer Produktindex (EPI)

7@ Leitlinien ergonomische
ml Arbeitsplatzgestaltung

r Arbeits-Platz-Struktur-
1 Analyse (APSA)

E Ergonomie-Koffer

Quelle: AUDI AG, Dr. Markus Becker, Leiter |.E. Planung

Werkzeuge im Planungsprozess
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ema® Benefits for Customers imkuutomoﬁve (Y)

N N N K

=

Page 22

Easy verification of planning results in 3D environment

Quick alternation and testing of scenario options

Uses MTM standards for time estimation

Uses EAWS for ergonomic risk assessment
(and possibly any other standard method like OWAS, etc.)

Compatible with all common data formats (.cgr, .jt, .dae)
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I ema® Software Customers imkuutomotive {Y)
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- Conclusions imkouTomoTive

Designing efficient assembly systems by using virtual production planning.

= Virtual production planning saves costs for redesign and late correction.
= The complex human workforce needs to be considered proactively.

= emad enables easy simulation that leads to objective results.

- However, in many companies a change of culture is needed to respect
and understand the requirements of (manual) assembly systems early
in product development — digital human simulations may be the key!
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Ergonomics Division

Assessment, Consulting and Training imk(]UTomOTlve &

» Ergonomic risk assessment:
using standard methods (EAWS, LMM, etc.)

= Proactive ergonomics:
ergonomic analysis and improvement of the
design of products, processes, and equipment

= Ergonomic optimization:
ergonomic analysis and improvement of work
conditions in series production

» Trainings in ergonomics:
customized trainings in basic knowledge,
standard methods, and ergonomic behavior

= Pilot applications of emab
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Ergonomics Division

Customers and Partners imkGUTomOTive &

@ Volkswagen Sachsen GmbH

Volkswagen Nutzfahrzeuge Chattanooga
' a frauenthal
DAIMLER = automotive
= E : E : HE smart parts for trucks
TECHNISCHE
smemm-. I a DT e UNIVERSITAT
TECHNISCHE UNIVERSITAT Honiinment iyl DRESDEN

CHEMNITZ
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