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OVER THE NEXT YEARS, REDUCTION, AMT AND DHT WILL EXPERIENCE THE MOST IMPORTANT
GROWTH WITH AROUND +16 MILLION TRANSMISSIONS PRODUCED IN THE WORLD

Worldwide Transmission Production Evolution
# of million cars produced, 2013 - 2025

AMT M Reduction 7 DCT M Automatic Equates to approx.

I pHT M cvt I Manual 400 new grinding
machines over 5

years
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ELECTRIC VEHICLE OUTLOOK 2020
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https://about.bnef.com/electric-vehicle-outlook/
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3L PLATFORM DEVELOPMENT

1979 - PROJECT INITIATED
1981 - FIRST MACHINE BUILT
1985 - CARRIAGE DRESSER FOR CBN
1987 - INTRODUCTION OF HYDROSTATIC WHEEL SPINDLE BEARINGS
1989 - INTRODUCTION OF 32 BIT CONTROLLER
1989 - 100 MACHINES SHIPPED
1990 - 125 M/S WHEEL SPEED CAPABILITY
1990 - HEADSTOCK MOUNTED DRESSER (11,000 RPM)
1991 - INTRODUCTION OF CNC TRUFORM DRESSER
1992 - MACHINES SHIPPED
1994 - 300 MACHINES SHIPPED
1996 - MACHINES SHIPPED
1997 - PC BASED 6400 CONTROL INTRODUCED
1997 - LINEAR MOTOR OPTION INTRODUCED
1998 - MACHINES SHIPPED
1998 - 180 M/S WHEEL SPEED CAPABILITY
2000 - 600 MACHINES SHIPPED
2002 - MACHINES SHIPPED
2005 — Infinitely variable position B-axis developed
2010 — Single PC (multi-core) 6400 control introduced
2012 — Linear rails replace traditional vee & flat
2015 - 800 MACHINES SHIPPED
2017 — 3L modernisation program commenced

2018 — Siemens control variant introduced

2019 - 3LVe development completed
2020 — Development focus on new generation

Landis 3LVE transmission and E-drive
Confidential 6
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3L MACHINE PLATFORM ﬁves,G

Breakdown of 3L sales
by geographical area MOre than

800 m aC h | n eS sold worldwide

Over 40 years

of development and
® The Americas eXpeI‘ie nce

B Asija and Oceania

H Europe

B Africa and the Middle East O Of maChineS SU” in
O production today thanks

to Fives’ full life support

Landis 3LVE
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MACHINES WITH B-AXIS ﬁvesG

ey counry over 90 machines

sold with B-Axes
Since 2010

B Germany HIndia H China EBUSA

B Sweden M Poland H Mexico UK

Landis 3LVE
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KEY ATTRIBUTES

¢ High stock removal — fast cycle time (Higher power and mechanical stiffness)
¢ Multiple spindles to allow combined processed (B-axis, up to 3 wheels)

e Plunge or peel processes

e Conventional, vitrified or electroplated CBN wheel options in the same setup
¢ Single-box solution for flexible production demands

e Higher power density (fewer machines, less floorspace)

¢ ID/OD possibility

e Customer specification compliant (major auto OEMSs)

Landis 3LVe
Confidential 10
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KEY DIFFERENTIATORS ﬁvesO

e Up to 3-wheel spindles, each with power >50kW

e Grinding wheel width over 250mm

e Suitable for carbon fiber, high speed grinding wheels

e Infinitely variable B-axis positioning

e Automatic taper compensation

¢ Integral automation options minimizing non-grinding times

e Turnkey solution with automation, part cleaning, coolant system, etc.

e Combined ID grinding (option), e.g. for DCT shafts

¢ Flexible solutions for multiple part types with minimal changeover

Landis 3LVe
Confidential 11
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STIFF & RIGID BY
DESIGN
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MACHINE STIFFNESS

Fundamental machine designed for stiffness, rigidity and thermal stability

Landis 3LVe
Confidential
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X-AXIS ﬁvesa

Increased footprint for superior stiffness and power delivery

e Linear rail, ballscrew and nut
e Option of motors, Siemens, Bosch, Fanuc
e Maximum Axis Velocity 0.50 M/sec

Landis 3LVe
Confidential 14



B-AXIS — INFINITELY VARIABLE POSITION ﬁ\,eg,G

Ultra stiff design with YRT bearing and direct drive motor

Plunge grind wheels
350 Diameter - Up to 250 Wide

Peel grind wheel
350 Diameter

Landis 3LVe X axis feed
Confidential 15



INFINITELY VARIABLE B-AXIS POSITION ﬁvesG

Encoder

Upper bearings

Motor

Lower bearing

3 Clamps

Seal

Landis 3LVe
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MACHINE STIFFENESS

Landis 3LVe vs. Competitor

Landis 3LVe (3-spindle)

Competitor M/C #1

Competitor M/C #2

58.24

7.71

3.99

Setup on competitor machine #2

Landis 3LVe
Confidential
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Foree Transducer measuring

increacse in force after each

Wheelhead
jogged in meovement
10pm steps
—
Baolts to extend
I Wheel Guard transducer
e -
spindle ¢ Headstock
Housing ¢ mounted on table
|
] /
| &
DT to measure deflection
between wheelhead and
workhead giving lcop stiffness
Machine Bed
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RAPID-PROTOTYPE 3D PRINTED COOLANT NOZZLES ﬁvese

— — : rl’x ‘. . 1]

Landis 3LVe
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3 GRINDING WHEELS ﬁvesG

Landis 3LVe
Confidential 20



IN-PROCESS GAUGING ﬁvesG

Landis 3LVe
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Plunge 1

Wheel #1

Red marks indicate the
gauge locations for this
shaft type. Main dia.
Gauges are linked for taper
check & compensation

10 sec

Plunge 2
Wheel #1
Vector grind

17 sec

Note:
The two plunges will blend seamlessly. A final wipe across the diameter (traverse gnnd) following the
double-plunge won'’t be necessary based on the given tolerance requirements.

Plunge 3

Wheel #1 8 sec

Plunge 4

Wheel #2

Peel grinding of the journal
profile

18 sec

Plunge 5
Wheel #2
Peel grind

12 sec

fives



Plunge 1

Wheel #1
The taper gauge will have
Plunge 1 ?'— one head retracted as dia. 10 sec
Wheel #1 @ fs 17 sec is not sufficiently wide to
Vector grind g B L e justify taper check &
i e amaae compensation.
Plunge 2
5 8 sec
Plunge 2 / Wheel #1
Wheel #1 o= bz 74 15 sec
Vector grind l MR e
= e A
Plunge 3
Wheel #2
Peel grinding of the journal ; 18 sec
Plunge 3 i 4{—,’“
Wheel #2 t ‘ - 2, 18 sec
Peel grinding of the journal T bt laal T
profile ' 11 ey | ;
- = =23 [ r—r Plunge 4
Wheel #3 Electroplated 8 sec
wheel for groove
Plunge 4 = | i
Wheel #3 1 Ve A ] e
Electroplated wheel for - ; i .‘L N
groove A . S IA Plunge 5
= H IR od N Wheel #3 Electroplated 10 sec
wheel
Total Grinding Time: 58 sec
Load / Unload: 6 sec Total Grinding Time: 54 sec
Machine movements: 19 sec Load / Unload: 6 sec
Dress delay / shaft: 3 sec Machine movements: 20 sec
¢ Dress delay / shaft: 3sec
Total Floor to Floor Cycle Time: 86 sec =
Total Floor to Floor Cycle Time: 83 sec
Landis 3LVe
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INTEGRATED AUTOMATION ﬁvesG

Landis 3LVe
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LANDIS 3LVE - EV FD PINION SHAFT ﬁ\,esO

Landis 3LVe
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MANUAL TRANSMISSION INPUT SHAFT ﬁvesG
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LANDIS 3LVE = INPUT SHAFT ﬁveg,e
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Landis 3LVe
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HIGH SPEED GRINDING

Floor to floor time achieved: 45 seconds

Faster grind times
e Higher metal removal rates
e Higher spindle power

e Stiffer machine

Faster non-value-add machine time
e Simultaneous machine NVA motions

e Direct drive B-axis for industry-leading
index time

Faster part exchange time
e Integrated automation

Landis 3LVe
Confidential
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Appendix 5 Cycle Breakdown
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Diameter Grinding Method: Plunge

Quote No: Part Number: 6 Speed Input Shaft Date:
Customer: Confidential Machine Type: 3LVe
Operation: Grooves & Diameters
| —
—* . — | -
,,,,, et _[ g
M | . | ‘ LI
— d | i
PLUNGE Al B C D|
1 GERERGANNGENRRGARNNNNNINNNEEN
2
3

Total Cycle Time

Output Details
Working Efficiency (%)
Working Hours Per Day
Working Days per Year

28

85

22.5

250

0.75 Cycle Time (min)

68.0 Work Pieces Per Hour

1530 Work Pieces Per Day
382,500 Work Pieces Per Year
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CONTROL SYSTEM DEVELOPMENT fives
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CONTROL SYSTEM DEVELOPMENT fives

olol L4 L L L L L] el fs] ] iy olol DL L L L L] el (S]] S nlol LU L L L L L] el fs] ] e islel L L L L L L L] el (S]] etk

e ool " e o Pk T e ool - oo aaa B HE 1 e e cilwel t - Pt -y e ol lwl
141425.B312 MU 75.400 | e 414256312 U1 75,4000 i i U1 75,4908 R 141425.B312 U1 75,4800
21 -365.205 | ML 2207 o E— MZ1-365.495 MU 2207 o rE— MU 2207 o rE— 21 -165.405 MU 1207
MA -119.992° R MB -118.992° P T MA -119.992°

;I"."” gﬂ_ D > 3 _‘_ D c ¥

Landis 3LVe
Confidential 31



CONTROL SYSTEM DEVELOPMENT

Landis 3LVe
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CONTROL SYSTEM DEVELOPMENT fives
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CONTROL SYSTEM DEVELOPMENT

Landis 3LVe
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Operation Hanual
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Production
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CONTROL SYSTEM DEVELOPMENT

Landis 3LVe
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Step Type
Whasl

Radues

Whdth

Aignrient
Lopical Whesl LW
LW Radus Adj.
LWV Later b Adj.

Gaugels

A

Process
Adjust.

Machine
Status

GAUGE LOCATE

1 o 1
GAUGE LOCATE

+0.000
+0,000
Head (Left)

+0.000
+0.000

Num Cal. Size
4 +0.000

Taper
Adjust

Machine
Operation

Feature STEP

Diarretes
Widih
Laters ()
Latesal
Lateral (+)
Taper

Keyboard

Wheel
Adjust

Manual

Dimension

+41.010
+21.400
+0.000
+10,700
+21.400
+0.000

Part Prog. Adj

+0.000
+0.000

+0.000

+0.000

Global Adj.

+0.000

Production

Gauge Theimal
Adjust Adjust

Maintenance
Darta

Manual Functions
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Next
Process

Previous
Process

Diagnostics

N xt
Stap

Previous
Step

Clear Ref
Adjust Data

Edit User
Variable

Selection
Down

Documents
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CONTROL SYSTEM DEVELOPMENT

Landis 3LVe
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Mename D305019_ANGLE.IN
Larddig Drawing  D305015
No. of Wheels 1
Manwfachiwer SUPER_ABRASIVES
Sertal Bumber Landis1

1ol

Wheel Rame DJIOS01S ANGLE
Spinile
May Spestt imvs; 126
Tow| Nienbhos 2
Tood Type 400
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3 Manual
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Status _ ! Operation Data Maintenance Diagnostics

Keyboard Manual Functions
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Documents

Load/
Save
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Load
Spindle
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Spindle
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CONTROL SYSTEM DEVELOPMENT

Landis 3LVe
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Power-Up Condition

Power Lp
Condition

Machine
Status

Manual

Poyrer Up Mode

Emergency Stop

Pneumatics

Wheel
Calibration

Machine

Operation Msnual

Keyboard
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Maintenance Diagnostics
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CONTROL SYSTEM DEVELOPMENT fives
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CONTROL SYSTEM NDEVVEI OPMENT
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CONTROL SYSTEM DEVELOPMENT
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CONTROL SYSTEM DEVVEI OPMENT fives
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DE\/FI OPMFENT

} Performance Log Viewer v2,15.0.0
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LANDIS 3LVE

Specifications

Working capacity

Landis 3LVe

Center height
Center distance (min/max)

CBN grinding wheel

220 mm (8.77)

300/500/700 mm
(11.8"/19.7" [ 27 6”)

Wheel diameter
Max. wheel width

Max. surface speed

350/500/600 mm
(13.8"/19.7" / 23.6”)
5/50/150/250 mm
(0.27/2715.97/9.8”)

125 or 200 m/sec
(410 or 656 ft/min)

Wheel spindle & workhead
G.W. spindle motor

Max. G.W. speed

Workhead spindle motor power
Workhead spindle motor torque

Max. workhead speed

Landis 3LVe
Confidential

19/ 22 /25 /50 kW

2,500/ 7,500 /12,000 rpm
5.5/9.5 kW
12/ 125/ 260 Nm
600 /7,500 /2,250 rpm

Landis 3LVe

JAVEES)

Linear guide ways
Grinding spindle

Drive

Dimensions
Dimensions (W x D x H)

Machine weight

Precision linear guideways

Super precision ceramic bearing

High precision ball screw / Linear
motor option

4,030 x 3,050 x 2,338 mm
(13.22 x 10' x 7.7’)

10,000 kg (22,046 Ib)

fives
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