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Research and Innovation on components: DESIGN ANALYSIS & SIMULATION
during Program Planning

* Real users observation using the armrest on various missions/fields, to define in objective way what
are primary-secondary controls, sequences-grouping of controls

Mission Scrapping | Ripping Plowing | Listing Disking Mean Std. GMr:;: Std.
Diff-Lock On 1 5 4 2.8 3.4 3.8 4.8
Upshift 13 1" 4 8 7.2 4.7
Downshift & 12 1 2 4.0 4.3 |Frequently| =8
Skip-shift 1 2.0 .0 |Moderately| =3 & <0

== Examples just="

o
ETC Gear Select 1 18 L 5 9 10.4 1

CRPM

—representative-of

WMFH Rear EDE Lower 2.8 3.3
WFH Rear EDC Raise 2 6 2 2.0 2.2
MFH Direction Change Forward 2 r ea I_ ngLS e rl-S 2.3
MFH Direction Change Reverse 1 —IL:' C t A \J — 3.0
MFD Onloff 1 0.2 0.4

EHR1 1 11 16 19.6 | 264

Hydraulic Link Retract 1 0.2 0.4
Rear EDC Draft Control 1 2 0.6 0.8
Rear EDC Position Control 1 0.2 0.4
FsUs 3 0.6 1.2
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BenChmarking DESIGN ANALYSIS & SIMULATION

during Program Planning

» 3d scan of competitors, to have precise dimensions on interiors and ergonomic analysis on competitors
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Benchmarki ng DESIGN ANALYSIS & SIMULATION
during Program Planning

MARCH 2012 needs definition:
Users interview on actual products and competitors

NOVEMBER 2012 check on 1t mock-up:
Second users interview on UTL mock up and competitors

L - W

MARCH 2012 - SEPTEMBER 2014 continuous checks on virtual mock-up
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Benchmarki ng DESIGN ANALYSIS & SIMULATION
during Program Planning

Measure main features:

« [Easy ingress and egress

 Roominess for legs and arms
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Benchmarki ng DESIGN ANALYSIS & SIMULATION
during Program Planning

Measure main features:

. Visibility

» Controls layout

e« Comfort
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Benchmarking: visibility
during Program Planning

DESIGN ANALYSIS & SIMULATION

KUBOTA | SAME UTL UTL
9540 |dorado 76| T4000 Light

a 16,3 12 16,2 18
e _ 10 _ 3
g _ 18 _ 24
A 2150 1950 1950 1950
B 624 _ _ 750
X 3426 2290 3100 3345,0
Y _ 515 _ 205,0
X+Y _ 2805 B 3550,0
Z _ _ _ 5300,0
Tyre 18,4 R30 {420/70 R30| 16,9 R30 | 16,9 R30
Loaded radius 695 635 665 665
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Dynamic visibility of exterior implement DESIGNANALYSIS & SIMULATION

during Develop Concept and Prove Feasibility
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ABITA for Tractors

during Program Planning

DESIGN ANALYSIS & SIMULATION

Analysis in Proprietary Software to find comfortable location of : pedals, seat, floor, steering

and armrest.
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Pedals comfort
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Release Jack manikins for ergonomic postures

during Program Planning, Concept Development

E Structure Manager - Teamcenter 8
File Edit View Graphics

Tools

| £ | ® ==
Structure Manager

Search

Enter Item ID to search -
™ Quick Links Customize
& Home »
& My Worklist »
(&), My Saved Searches »
‘? My Links »

~ OpenItems

"% CAD0AAS37476/001-ERGOMOMIC_TARGET_FOR_SKELET

~ History
% CAN0AAS62271/001-NEW_LARGEWL
% CAQ0AASS3475/001-TL_GV_MEDIUM T4E
% CA0AASI6631/001-GG_830_HOOD

% CADDAASI64! 1-GG_21_TRACTOR_BODY

By 516734/001-GG_CCM_LWB_CVT_TIER4B

P CAQDAAADS544/001-FW_84_CAB_ROOF

< i, | 3
View All »

~ Favorites Organize

[ studie ergonomia

| ¥, EADOAABOD538-921059025001 PIANO SALITA
7 CADOAAAZTI48-696005661

y CADOAAA20184-696005631

(=3 STUDL_COMANDI

+ [Want To... Customize

& Baseline...

AP Getting Started
@ My Teamcenter

E Structure Manager

Ready
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B8 Structure Manager X

CADDAAS3T4T6/001-ERGONOMIC_TARGET_FOR_SKELETON (View) - CNH - DMU Session - Date - "Now™"

CATIAVS CNH Window Help
BT

qamOTEmET

AR

BOM Line

CAD0AAS3TAT6/001-ERGONOMIC_TARGET_FOR_SKELETOM (View)

CAQ0AAB52472/003-84428541 THROTTLE, FOOT, ELECTROMIC (View)
CADOAAABE268/001-84250071 PEDAL, ACCELERATORE MOTORE
CADOAAB55526/004-84478163 LEVER ASSY, MOMENTARY SHUTTLE CIH

CADDAAATS303/006-921788508002 SEAT DE LUXE AIR SUSPENSION WITH SWIVEL, DOPS, BELT AN...

CADDAAATASRT/005-921789328001 FLOOR MAT - GPS_APL-HILO/32X32 (View)
CAO0AAA48802/003-921059355002 _3_ INSTRUMENT DASHBOARD (View)
CADOAAATS329/004-921789508001 FOOT BRAKE CONTROLS (View)
CAQDAAAGGTE2/003-84392817 PIN ASSY, LOCK BRAKE PEDAL (View)
CADOAAATS629/004-84467901 PEDAL, BRAKE LH WITH BEARINGS (View)
CADDAAATS630/003-84467902 PEDAL, BRAKE RH WITH BEARIMGS (View)
CADOAAADGTO3/004-12601474 x 2

CADOAAATTE20/003-84474043 PIN x 2

CAO0AAB12822/001-11064176 CLIP,M10X8X1.05 STL BLO RETAINING x 2

/ EADDAAB02111/005-84280664 REGULATOR x 2

C00000021204,/002-12574211 NUT, PREV TORQUE x 2
CADOAABO1521/001-11088180

< CADDAAAS3576/001-84537406 SPRING, BRAKE PEDAL RETURM x 2

CAODAAAB3266/011-921079528001 _3_ CLUTCH CONTROL (View)
CAO0AAABI272/001.0004-921079528001_FCTNI (View)
CAQ0AAS31899/006-84567134 ARMREST ASSY, EHR (View)

-} CADDAAS34998/001-ARMLEHME-GRAMMER-SCHMAL

CADDAAALB680/006-921789557071 TILTABLE AND TELESCOPIC STEERING (CIH) (View)
CADDAAALEE81/005-921789557072 TILTABLE AND TELESCOPIC STEERING (STEYR) (View)
CADDAAAT3532/001.0001-921789557070_FCTNI {View)
CAO0AAAT3535/001.0001-821788557070_FCTNIL (View)
CADOAAAT3521/001.0001-921789557070_FCTN2 {View)
CAQ0AAS20644,/007-921609606103 MULTICONTROLLER FHPL (View)
CADOAAS21651/003-84565964 LEVER, CONTROL ASSY, MC Wy2-AUX (View] x4
CADDAASAT398,/001.0001-93_MANIKINS_TARGET_FOR_SKELETOMN (View)
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Jack simulation: analysis ingress-egress DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof
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Jack: Easy reach tanks for serviceability DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof
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Jack simulation: Serviceability DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof
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Quantitative Visibility- Homologation DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof

Direct Visibility Homologation

955.8 mm
dx,dy,dz: [526.5 0.0 797.7) mm|
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Jack simulation: interaction with all controls DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof
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Jack simulation: interaction with storage DESIGN ANALYSIS & SIMULATION
during Concept Development and Feasibility Proof
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FUTU R E DEVEL OPM ENTS DESIGN ANALYSIS & SIMULATION

= Virtual homologation

= Force feedback analysis

= Immersive ergonomic evaluation
= Work load cognitive analysis
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DESIGN ANALYSIS & SIMULATION
Future development

Virtual Homologation of Visibility as ISO 5721-1

INNOVATION, DESIGN ANALYSIS

ISO 5721-1 VISIBILITY and VALIDATION METHODS
360° FIELD OF VIEW — SECOND EXAMPLE ON WHEX
+ The mathematical model shall be validated in comparison with the actual test conditions. To that

effect a physical test shall be conducted for the purposes of comparing the results obtained when using
the mathematical model with the results of a physical test. Comparability of the test results shall be

proven. .
Physical Test
Manufacturer
prer——
Vabiaion proces pesmerp——
Physcal prototype Virvsal Prosceypes L 1L
i | [[Compute Conpae INNOVATION, DESIGN ANALYSIS
T || Sebion Son 1SO 5721-1 VISIBILITY and VALIDATION METHODS
R i . . . . ) 360° FIELD OF VIEW — SECOND EXAMPLE ON WHEX
+ Machine and virtual model with same configuration (tools, pipes, ...) ——
g a— + More precise tool was built for light bar support +  The mathematical model shall be validated in comparison with the actual test conditions. To that
effect a physical test shall be conducted for the purposes of comparing the results obtained when using
+Tool barfixed onfloor, not on seat the mathematical model with the results of a physical test. Comparability of the test results shall be
+ SIP position well checked before the test proven.

Physical Test Virtual Simulation
~1720,98 mm N =0
dx,dy,dz: ~[565,82 1625,30 0,00] N
o s N
'
a c

il | | Computer
Teu Sirhcion

Masking

Agreement
Agpris Autwery

1. About 97% for the masking effect;
2. Aboul92% Jor the masking position on.

This tlma«nuilresuﬂs has a good correlation vs the physical ones:

APPARATUS ROTATION -22°|
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Future development DESIGN ANALYSIS & SIMULATION

Force Analysis

[ ] o
DMH Moment Distribution
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Human force computation on controls and openings
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Future development DESIGN ANALYSIS & SIMULATION

Immersive Ergonomic Evaluation

v" Definition of a methodology for integrated product-process design according to the design
specifications

v Development of an interactive virtual environment for the simulation of human-produced
agricultural and human-trial for manual assembly.
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Future development DESIGN ANALYSIS & SIMULATION

Work Load Cognitive Analysis

)
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f}\" ., % »5"“‘, \‘_ 2

Contains confidential proprietary and trade secrets information of CNH Industrial. Any use of this work without express written consent is strictly prohibited. 21
INDUSTRIAL




