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iImk Group of Companies

Guiding Principles

imk automotive

innovations >

methods >

koncepts >
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are our passion.

Creative thinking is embedded in our company culture.
Innovation enables us to generate long-term competitive
advantages for our customers.

are our foundation.

They assure quality and ensure our project deadlines.
We continuously improve our performance by developing
and extending our range of methods.

are our result.

They are created by the interaction of innovation, methods,
and professional experience.

Our success is defined by measurable customer success.

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



iImk Group of Companies

Locations and Customers imkGUTomOﬁve &

almet automotive
Pao'

Automotive industry, mechanical engineering, industrial commodities,
renewable energies, information systems, and aerospace industry.
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iImk Group of Companies

Business Segments

imk automotive x)

Product
Development

Production
Planning

Carsten Otto

Information
Technology

Gerson Heuwieser

Ergonomics

Dr. Lars Fritzsche

Consulting

Consulting

Dr. Jens Trepte

Ingolf Grul3ner

= Mechatronic = Assembly = Software = Ergonomic = Production

Systems - Bodyshop Development Workplace Design Strategy
= Structural = Support and = Qualification = Product and
Components Service and Training Production
Optimization

Strategic Development

Dr. Wolfgang Leidholdt
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m Motivation for Early Ergonomic

Assessment imkouTomoTive

Ergonomic work design is becoming an economic need and a competitive edge.

Good Ergonomics is good Economics! (H. Hendricks, 1996)

>

>
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Increases efficiency trough reduction of unnecessary motion (“waste”)

Increases flexibility by providing more jobs for older and/or restricted employees

Increases motivation of employees and reduces turnover rate (“Top Employer”)

Reduces sickness absenteeism and lowers costs for workers compensation

Reduces quality issues that are due to high forces/loads and awkward postures

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



I Motivation for Early Ergonomic
Assessment

imk automotive x)

Days of Number
4 Sick Leave of Errors
| I
Lowest 25% Highest 25% Lowest 25%

Ergonomic strain in the team (AAWS)
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Highest 25%

Ergonomic strain in the team (AAWS)
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m Motivation for Early Ergonomic

Assessment imkouTomoTive

Digital production planning tools facilitate human-centered work design.

Page 9

Chances for redesign are best in an early stage of development due to
strongly increasing costs after the design phase (“Design Freeze”).

Digital tools enable efficient testing of alternative planning and design

scenarios without physical mock-ups or any risk for operators.

3D visualization helps to create a common understanding and thereby

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

Digital data is readily available by now, e.g. for many products, tools and

other equipment in most companies’ PLM software systems.

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



m Motivation for Early Ergonomic

Assessment imkouTomoTive

F 3

Increase

[20] Chance for Costs for
redesign redesign

Risk Prevention Corrective Measures

Design/ Concept  Development  Production planning Serial production

(adapted from Sanzenbacher, 2007)
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I Methods for Early Ergonomic Assessment imkuutomoﬁve LY)

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

4 ® 66 o <

Development & Production Planning » Production Trials & Ramp-Up

Chance for Costs for
redesign redesign

Concept Design
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I Methods for Early Ergonomic Assessment imkuutomotive 5

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

4 ® 66 o <

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

Lessons Learned from Serial Production
Risk Prevention Corrective Measures

‘Ergonomic Milestone #1:
List of all critical parts and processes based on

standard assessment tools (e.g., EAWS)

Prior to concept decision: concept evaluation
should consider impact on top ergonomic issues

Page 13 Dr. L. Fritzsche, October 2013 www.imk-automotive.com



Methods for Early Ergonomic Assessment imkuutomotive x)

(1) Motion Capturing and Virtual / Mixed Reality Technologies

Optical tracking

ar-tracking. eu

IR flash fram

S
I"'|.
bracking cameras """"l.‘

) .
reﬂentedlklght'f:j

-_-l" ‘ -
calculated 7

~cptical ray*®

Head Mounted Display

Developed in
EU-Project
“CyberManS*

Motion Capturing Suit
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I Methods for Early Ergonomic Assessment imkuutomotive X)

(2) Digital Human Simulation (Traditional tools)
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I Methods for Early Ergonomic Assessment imkuutomotive {Y)

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

4 ® 66 o <

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

Critical Task List
Simulation & Evaluation of Critical Tasks

Risk Prevention Corrective Measures

‘Ergonomic Milestone #2:
Evaluation of all “old” and “new” ergonomic

iIssues based on standard assessment tools;
cost-benefit analyses for improvement measures

At Design Freeze, prior to 1t prototype car
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I Methods for Early Ergonomic Assessment imkuutomotive {Y)

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

4 ® 66 o <

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

Critical Task List
Simulation & Evaluation of Critical Tasks

Assessment / Improvement in Workshops/ Trials

CIP activities

Risk Prevention Corrective Measures

Ergonomic Milestone #3:

‘ All manual processes are evaluated based on
standard assessment tools; development and
implementation of improvement measures

Target: zero “red” ergonomic issues at SOP

Page 17 Dr. L. Fritzsche, October 2013 www.imk-automotive.com



I Methods for Early Ergonomic Assessment imkuutomoﬁve LY)

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

4 ® 66 o <

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

Chance for
redesign

Costs for
redesign

\‘-
LY
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Ergonomic Simulation Today imkouTomoTive

Ergonomic simulations usually need high effort and have restricted validity.

Page 20

Digital human models cannot understand standardized work instructions

(i.e., typical planning language such as MTM).

Each particular movement has to be taught manually for creating

dynamic work simulations.

Thus, simulations of the entire work process are very time consuming.

Currently available simulation models do not include comprehensive
methods and tools for analyzing assembly time and ergonomic risks.

Our objective: make dynamic human simulation of manual work
easier, guicker, and more accurate by using standard operations.

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



What makes emab unique? imkouTomoTive

emad = “Editor for manual work activities”

The production planner is not a
Pixar animator!

emad uses complex operation sequences
instead of teaching each single posture,
for example:

= get and place object
= use manual or automatic hand 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 >
release - hand back

Instead: take part out of box and place into corresponding device (= object reference)
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emad Motion Capturing

imkautomotive (%)
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emad-approach:
algorithms derived

@"@ Verbundprojekt: ,eMAN*
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from multiple
motion capturing
studies calculate
typical workers’
movements,
specifically adapted
for industrial tasks
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- emad Task Library imkouTomoTive

Object handling Body movements Manual activities

Pick object(s) Walk Press / activate

Place object(s) Kneel down / squat / stoop

Bolt down manually

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

Smear on surface

Move object(s) to relative position Single step

Tool handling

Handle tool

Hand over Single full step

Move tool on path

Regrasp (Encompass) Turn

Move hand to tool center point

Move object(s) on path Get into vehicle | mm e

Get off vehicle Head movements

i Body movements (extended)
Create object link i

| Object handling (extended) i

Remove object link Slide to target E E Look at i
T i Sit down i i Check / Read i
T andamvovements || — e
| Grasp i D : i Synchronization i
i Move hand(s) on path E i________________y\_/?i_t _________________ i
SR Dol The task library is continuously growing by adding more
MovehandtodefaU'tPOS'tlon _____ | predefined operations and movements (e.g., Lay down).

Page 23 Dr. L. Fritzsche, October 2013 www.imk-automotive.com



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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I emabd Examples of Application imk(]UfomOﬁVG 5
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emad Results and Evaluation Toolset

imk automotive

Takizeit [s] 60.0 [ME Typ Name | Cauer 6l
* Laufueg [m} 1,550 o pos Kérperhaltungen / -bewegung Wertsch8pfung
Arbeitszeit [s] FLRC) - Bewegungslange Hand [m]: 0,
1 Objekt(e] aufnehmen Strebe aufnehmen 2205 3 Coot i iner ot 100 0
Arbeitszeit (bereinigt) [s] [ 2719 -> Fell des nicht definiert —
egende
- Last in linker Hand [kgl: 1,000
Tektausgleichszeit [5] 3281 -> Laufweg [m]: 6,717 Toktausgleichs-Zeit Legende
2 Objekt(e) aufnehmen Schrauber aufnehmen 8063 -» Bewegungslange Hand [m]; 0419 0 tehen
Wertschapfung [s] 724 -> Last in rechter Hand [kgl: 2,000 # Laufen Taktausgleichs-Zeit
-> Foll des nicht definiert = Sizen wertschpfend
Laufiveg [m] il - Last in linker Hand [kgl: 1,000 HEEE OIre e vy
<> Last in rechter Hand [kgl: 2,000 Knien
Gesamtdauer 1225 3 Objekt(e) platzieren Strebe platzieren 6550 -> Laufweg [m]: 5,002 0 “ Liegen
“Laufen' s -» Bewegungslange Objekt [m]: 0518
Gesamidaver [ 11| - Fall es Platzierens: nicht definiert
“Stehen [5] - Last in rechter Hand [kgl: 2,000
— -> Laufweg [m}; 0.278
a——— e 4| Automatisches Werkzeug benutzen Verschrauben 01 4947  Bonvegngeiange Hand [ 0300 72 Lasten Aktionskrafte
"Hocken' [s] -> Prozesszeit [} 2,000
Gesamtdauer Sitzen'[§] [ g -> Last in rechter Hand [kg]: 2,000 T
- Laufweg [ml: 0,550
— 5| Automatisches Werkzeug benutzen Verschrauben 02 5339 e e 69 < ° .
Gesamtdauer ‘Knien' [5] 0 . e Legend Bl Legendk
Lo > Prozessait [s} 2,000 = o0 e L
Gesamtdauer 'Liegen' [5] o [ O Last-Summe O Kraft-Summe
[l o 10 20 1020
L 1
| Allgemein Last-Fille Summe Gesamtkdrper Punkte: 1§
L LsstFail |Last-Puniae | | ) Anzshl-unkt [Pl | (Last Kb+ )2 Anzahl = Gesamt,
Basis Taktzeit [5] 500 Summe der Haltungspunkte: 2
-,-ﬁi Umsetzen 00 00 on w @+01x0=0 .
Einnaiten pro Schieht [2] 280 L m Kérperhaltungen 2
| Arbeit ansich bewegenden Teilen | Hatten 00 00 00 o0 0+0x0=0 ] L
o
Besintrachtigung [ Mi
Tragen 10 39 20 FERSIPELRY Reichueie ]
|Eusiogichel Summe der Krate-Punkte: 2
Zuganglichkeit | yon auBen | ﬁ [Ziehen / Schieben| 00 00 00 a0 00 ©+0+0)x0=0 || iope m
| Impulse, Ri 2
Anzahl |o Summe der Lasten-Punkte: )
Intensitst | gering Lasten Umsetzen 1] L o
Halten 0
| Gelenkstellungen & -
Dauer e, ) oo fur gy
: Ziehen & Schieben )
Intensitt | peytral
neutr Summe der Extra-Punkte: 0 jcer domeesy
Ser dommante:
| Andere kirperfiche Belastungen I Arbeit an sich bewegenden Teilen 0 —
Anclere Belastungen [keine anderen korperfchen Belas 1| 08— . - : : - - - — -
| 3 H s 7 3 = 1 = Zuganglchieit 0
El Schwingungen, Impulse, ]
——n Rackschlagiraite
. . . 3 1 L) - 0]
1. MTM standard time estimation v
T AR
s | i
! i
. EEE Aktionsktfte
2. Value added work ratio i
e | 1 Lrgrmar
walkways, waiting time, etc ! o
1 7 . 1 1
- : ol ) 0|
1 i Last-Falle
1 1 3 | Daver js}| Last-Fai |Fail des & sl
3. EAWS ' t e
. EA ergonomic assessmen SmE
24 |1
H uzd |1
INncl. postures, torces, manua CFNE
. ) )

load handling, and extra scores)
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Summe Gesamtkrper Punkte: 1§
Summe der Haltungspunkte: 2

Rumpidrehung
Rumpfnegung

Summe der Krafte-Punkte: 2
Fingertratie 0
Aom-/Ganzksrperisshe 2
Summe der Lasten-Punkte: °

Ziehen & Schieben

Summe der Extra-Punicte: °
Abetan sich bewegenden Telen 0
Zugangichiet [

Schwingungen, Impuise, 0
Rickschlaghrshe

Gelerksteliungen 0
Andese kiperiche Belestungen 0
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emad Development Partners imkUUTOmOﬁVG

" emad-V5 plug-in for Catia/Delmia V5 Human by Dassault Systemes:

- emad-V5 available since 2011 275
: _ _ DASSAULT
—> continuously updated for latest Delmia releases (R19 and higher)  SYSTEMES

" emad stand-alone software suitable for SIEMENS data format (.jt) and for
small-/medium sized companies developed with Chemnitz University

> .B
- - - -
available since Q3-2012 FoHT CHEMNITZ UNIVERSITY OF [k ]
TECHNOLOGY serEs SRS e

" Ticon-emad to supplement MTM-Ticon software developed with MTM

- first release planned in Q4-2013
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http://www.tu-chemnitz.de/en/

emad Benefits for our Customers imk(]UTOmOﬁVG (Y)

N N N K
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Easy verification of planning results in 3D environment

Very quick alternation/ 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.)

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



emad in Product Development Process imkuutomoﬂve &)

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

4 ® 66 o <

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

1

Concept Workshops Product Workshops Process Workshops Production Trials Qualification | CIP-
= Planning Premisses = Produktkonzept = Line balancing = Line balancing = Training of \-NF?rrocheZ(;ps
= Standard Structure = Machbarkeit/ = Product = Layout design standard AR

. o optimization
= EHPV targets Baubarkeit optimization work L

; = Productivity
= [nvestment targets = TKU = | ayout design process enhancement
= Aufwand/EHPV = | ogistics

= Zeitspreizung
aus Produkt

@ e @ 4 i@
ema ~ ema ema ema
Investigation of new concepts Verification / Detailing of the Qualification of new Simulation of
and technologies: production process: work procedure improvement
measures :

= Feasibility
= Estimated Time

= Ergonomics assessment

= Layout Design = Training of

standard work * Ergonomics

= Estimated Ergonomics = F-time planning = Layout
. . ; process by ema-
Risk Assessment = Line balancing . R = Walkways
. visualization !
= L ogistics = F-time
= New tools

————————————————————— ) -
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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 I.E. Planung

Werkzeuge im Planungsprozess
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I ema®d Examples of Application: Aerospace imkuutomoﬂve {Y)

Connecting virtual with real world

As ls: "iii" T
*Ergo Analysis (LMM) ==

*Time Analysis (Ticon) )
Both by workplace investigations

As Is:

*Process Planning (DPE,
alphanum.)
*Assembly/Installation
simulation (DPM partly)

Inital idea:
*Easy to use simulation capability

*Based on standard processes (Lean)
*Based on standard procedures (MTM, EM MA)
*Integrated into Airbus ME environment
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ema® Software Customers imkuutomotive &

TECHNISCHE UNIVERSITAT
CHEMNITZ

Volkswagen ) B

Westsachsische Hochschule Zwickau

DAIMLER Py _ University of Applied Sciences
—
' m = Fraunhofer

I a D Technische Universitat Darmstadt

Institut fir Arbeitswissenschaft

PORSCHE

| KIEFEL

, -‘ Hochschule Offenburg
Unternehmensgruppe P University of Applied Sciences
IO GmbH & Co. KG

mMAYER
. L#I#LF hhochschule J
achhochschule Jena
A' R B Us KARIL MAYER University of Applied Sciences Jena
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http://www.fh-offenburg.de/
http://www.auto-motor-und-sport.de/bilder/audi-krise-audi-peilt-2009-deutlichen-gewinn-an-1257039.html
//upload.wikimedia.org/wikipedia/de/8/8d/Karl-Mayer-Logo.svg
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Conclusions imkouTomoTive

Early Ergonomic Assessment during Product Development is now possible.

Page 35

Indeed, good Ergonomics is good Economics!
Prevention excels correction because it is much more cost-effective.
Standard tools and criteria are needed throughout the entire PDP.

Simulation tools that are easy to use and based on ergonomic and time
standards are needed, and now available with ema.

However, in many cases internal processes of IT and work organization
are not ready, yet (e.g., definition of roles and responsibilities).

Dr. L. Fritzsche, October 2013 www.imk-automotive.com



Imk automotive GmbH

Ergonomics Division i m k ( UTO M OTIVG

Experts for designing ergonomic and efficient production processes.

= Ergonomic analysis and consulting
* Preventive production planning:
identification of ergonomic weaknesses in the
design of products, processes, and equipment

» Optimization of series production:

improvement of ergonomic conditions to keep
workers’ health and increase efficiency

= Customized trainings in Ergonomics

= Digital Production Planning / 3D validation

» Lean manufacturing & Industrial engineering

Customized pilot applications of emad
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Ergonomics Division . k . )
Example reference: Volkswagen Group of America Im OUTomOTIVG J

Ergonomic work design for ramp-up of Volkswagen Chattanooga plant (USA).

= Ergonomic evaluation of all manual work T T T e e
in assembly, body, paint, and logistics

402 392 382 372 362 352 342 332 322 312 302 292 282 272

Line1 121 3 41 51 61 71 81 1 10 111 124
33
Drop Auto = ‘Transfer

1-2 22 32 42 52 62 72 82 92 102 112 122

» Status visualization on “Ergonomic Map”

L{Linez 131 141 151 161 171 181 191 201 211 2241 231 241 251 261

Transfer £l 7 Transfer

45
132 142 152 162 | 172|182 192 202 212 222 232 242 252 262

= Development of counter measures for
improving ergonomic conditions (e.g.,

P112 P102 P092 PO82 PO7-2 PO6-2 PO52 P04-2 PO3-2 P02-2 PO1-2

. - ‘
opt|m|zed work process, aux|||ary tools, N s

new parts design) Figure 1: Status visualization on Ergonomic Map

= Follow-up workshops to test and facilitate
implementation of counter measures

» Documentation and continuous status
reporting to plant management

Figure 2: Development and testing of counter measures
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Contact Data:

Dr. Lars Fritzsche
Division Manager Ergonomics

Mobil: +49 (0)162 250 03 47
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