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Industrial Gear Oil Market Drivers & Trends
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What Will Drive Gear Technology and Lubrication?

Applications

2y = Growing wind turbine
- m Growing food & beverage

& EB Smart Factory
o Competition gear drive vs

e m Growing robotics magnetic drive
@7 | u Noise, Vibration, Harshness 22) [
J a OSHA regulation @% s ! o Growth of precision gears

and gear motors

m Digitalization

- : E?f;/(\:/ieerni?nﬂty :,i‘ o Gearbox Monitoring

# = Upttime operation - o Reliability and lifetime of
equipment and lubricants
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Materials

m Plastic gears

m Coatings: DLC, WCC
o 30% less friction

m Powder Metal Gears
o High strength
oLong wear resistance
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Industrial Gearbox Trends and Lubricants Challenges

Gear ol is a component of gearbox
Challenging operating conditions
(Increasing power density and
Higher operating temperature)
Smaller sump Sizes

Improved micropitting performance
Clean gear concept

Extended oil drain interval
Reduced energy.consumption

1allENYESHONGEAROIIS

Ot

Global/OEM Industry Trends
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‘ Wide Applications and Challenges — Not All Industrial Gear Oils Are the Same

Gear Motor Roller Mill Industrial Wind
Robot

Turbine

| 1 .
\' L]} T Gearbox  SIUEIKENGEICE REEEEE Y l{eHdiggfmc Planetary
Stecl#¥letal / Powe 'Gcaié ;ﬁ' oo
Cement HEEOilGas T i 'S
A R : Shock, Shock
PGS Tl 10~200L | ~ 50001 20~60L [ 400~ 600L
Mobile/Agricultuxel

- .
)

Others -- Wind turbine, Food, Wood, 15% Mineral Mineral / Synthetic Synthetic
Paper, Conveyor Lubricants Oxidation Synthetic AW/ EP, Balanced

Stability AW/ EP Friction AW/ EP

Source: Technavio Insights
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End-user Insight — Afton’s Proprietary Research "”_ Syt
e Viscosity
£¢ Qualifications Control
O Maintenance personnel and engineers using industrial gear éa
oils in industrial enclosed gearboxes §
O Work full time maintaining heavy industrial machinery and ¢
accountable for fixing problems _§ Seal
O Deeply involved in lubricants and lubricant roles § Compatibility
End-user Interviews
Industry USA & Canada China e et 0D Contamination Control
Mining & Quarry 4 3 "
Steel & Metals 3 2 Seal Compatibility
Cement & Aggregates 3 .’g
Pulp & Paper 3 E
Petrochemicals 5 9
Sugar Processing - S
TOTAL ©
INDUSTRIAL PR Afton
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Insight — End-user Gearbox Issues

Highest of End-user Concerns

Distilling it down:

Oil Contamination
&
. - =
— -
Gear Teeth Wear 2 =L 7% Contamination =
P < Control o
oo Seal Leakage % ~ a
: 25
; , \\\\ Viscosity
Filter Blocking < / ~ Control
Kl
Seal

Compatibility

Lowest of End-user Concerns
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‘ End-user Gearbox Issues and Wants from an Industrial Gear Oil

Gearbox Issues

& & = X 4 &
Contamination Seal Oxidative

Wear Protection Viscosity Control

Extended ODI

Control Compatibility

Stabilit

Bearing Wear

Internal &
External
Contaminants

Gearbox

Vibration Overheating

Oxidation

2l Properties

Gear Teeth Wear
Viscosity in
Differing
Operating
Conditions

S Longer Drain

MERELS

Filter Blocking

Noise

Increasing Importance

Pitting

Material

Viscosity at Compatibility
Different

Temperatures

Colour Stability
EP / Shock Load

Water Separation

Wants from a new industrial gear oil
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Global IGO Demand: 935 KMT in 2018,

Industrial Gear Market Segmentation growing to 988 KT in 2027 (Kline)

A

» WT OEM: Vestas, GE, SGRE, Goldwind
............... » Gear OEM: Winergy, ZF, NGC, Moventas
Wind 3 * Bearing: FAG, SKF, Miba
| o Standard: IEC 61400, GB 33540.3
AGMA/AWEA 6006--A03

Synthetic

Foam retenti(_)n

WEC prevention * Flender Rev. 16
+ SEW

o ZF Industry

* Sumitomo (HIT)
* Eickhoff

* 1ISO 12925-1 L-CKSMP
* 1SO 12925-1 L-CKD
» GB 5903 L-CKD

Synthetic
Mineral

_AQdE'ErE‘E‘E@EtESEEC_h_""S_Q eanGear 7 \ * DIN 51517-3

| - \ « GB 5903 L-CKC
- Wainsiream - * 1S0 12925-1 L-CKC
Mineral / Bearing wear protection, extended EP protection, A | ﬁg¥A229£05 F16 AS

Robust Corrosion, Static seal compatibility

+ GB 5903 L-CKB
+ 1S0 12925-1 L-CKB
+ DIN 51517-1

Basic Performance, Non-EP Circulating Gear
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Increasing temperature, Torque, Reliability and fluid ODI
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Key Fluid Performance Drivers — OEMs Depend on Own Specs & Approvals
SEENDER

Flender Rev.16 published October 2017
o EZG (A/6.3/90)F e Static/Dynamic seal compat
e FAG FE8 Bearing e Inner/Outerpaints compat.
e EVA Micropitting: e Sealant compatibility
' o Flenderfoam

Pay attention to Energy Efficiency and Long
Life / Extended Drain Interval.

ZF Industry SEW
ZFN-W-17-145 Rev.3 released in Oct. 2019 :

Typical “Flender” performance
‘e FAGFE-8Step 1to4 e Wet brakes compatibility 3 PO BT e o
e DGMK 377-01 wear e SKF rollerand EmCor | p< |

| o . | 8o nnnt ol | @ Highifocus on internal dynamic seal compatibility
® ASTM D28_93 OX|dat|9r.1.a.t 121°C | under most severe dynamic conditions
| @ Various paint compatibilities |

| @ Many additional liquid sealing compatibilities
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Gear Oil Standards — The Pace of Change is Quickening

FLENDE TN Y

EB 5903-1995
DIN 51517-12.3

AGMA 9005 E02
ISO o051 |

Key OENIS TocUS own Specification
development on

m Dynamic seal compatibility

m Coating compatibility;

Industry: standards continues to
grew. in freguency. fecusing on key
oIl perfermance iImprevement

m Bearing wear and microepitting
m Static seal compatibility.
m Envirenmentally friendly.

m Filterability
Elender, SEWand ZE Industrial
Set the guality bar;

INDUSTRIAL

19900 1992 1994 1996 1998 2000 2002 2004 2006 2008 20100 2012 2014 2016 2018 2020

120251 |

Wind turbine gearbox OEMs (ZF
Wind, Winergy and NGC) focus
own specification development on
m Bearing wear (WEC prevention)
m Multi-metals compatibility

m Foam retention after filtration

m SKF EmCor salt corrosion
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Gear Oil Specs — Key Performance Requirements

SPEC NAME AIST 224 AGM'.A L0 F.16 DIN 51517-3 CLP  FLENDER Rev.16 ZF Industry
Antiscuff Oil
Rust Prevention v (A& B) v (A) v (A) v (A) v (A) v (A)
Copper Corrosion v v v v v v
Demulsibility v/ ASTM D271 v  ASTM D2711 v v v v
Oxidation Stability v (121°C) v (121°C) v (95°C) v (95°C) v (95°C) v (121°C)
Foam v/ ASTM D892 v’ Flender v'Flender v’ Flender v Flender
Four Ball Wear & EP v v (Optional)
Timken v
FZG A/8.3/90 v v v v v'+ A/16.6/90 v
FAG FE8 Bearing Wear v 4 v v'+SRV (Option) v
FAG Stage 1-4 v
FVA Micropitting v v 4
Seal Compatibility Static Static & Dynamic Static & SEW Dynamic Static & Dynamic
Paint Compatibility v v
FZG slow speed wear v" (Optional) v
Wet brake compatibility 4
SKF Roller / EmCor v
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Next Generation IGO Additive Technology to Address the Challenges

»»/ Next Generation y o, 9 Cl To meet the
. 1GO Additive ot o\ challenges

approval

oval
technology appr

for FAG FES8

Robust / micropitting approval
dynamic seall "\ excellencg Uk |
@ compatibility RO SN
chemistry Multi-metals DIN 51517 Part 3
technology and parts

R® compatibilty 1ISO 12925-1 L-CKD

chemistry
GB 5903-2011 L-CKD
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‘ Wind Turbine Trends and Key Specifications for Gear Oils

Wind turbine size growth

%
il

* GB 33540.3

 ANSI.LAWEA.
AGMA 6006-
AO03

* \/estas
« GE

 Siemens &
Gamesa

 Goldwind

* Winergy
NGC
ZF Wind

Mloventas * ISO/IEC 61400
Eickoff  DIN 51517-3

Flender | . SO 12925-1
CKSMP

Wind Turbine OEMs
WT Gearbox OEMs
Bearing OEMs
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Next Generation Wind Turbine Gear Oil Additive Technology

Deposit
control
High Temp
Stability

Low temp
fluidity
m-PAO &
Ester

Filterability
and foam
retention
after fine
filtration
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Multi-metal
Compatibility
(Zinc/Yellow,
Journal No metals
bearing) leaching
from any

parts and
paints

Durable
bearing and
gear protection
over 10 years
ODI

SKF EmCor
corrosion
with salt
water
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Wind Turbine Gearbox Failure

Others 4%

Gear 26%

Bearing 70%

Source: WEU Onshore Asset Optimization & Reliability Benchmarking Report 2015

TRB HSS
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How the Gear Oil Helps Prevent WEC - Afton’s Research

Based on available information; the lubricant'needs to:
e Lower thinfilmiriction (TEFE) toreduce suriace and subsuriace stress:
e Controlifriction as loadiincreases to reduce surface stress during transients.

e Form a tribofiim thatis richiin'Phosphorus (P) toralbsorb the surface stress.
e Maimtain tribofilm composition as the loadiand sliding INcrease.
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Base & crane

Cage Rolling element
\ |

= Auxiliary bearing
Oil supply
LR/

Torque
measure |

i amp
e — 1
111 “..“J ;

Test head — e
' load =

(spring)

Disk spring

e w Test bearings / Raceways
(b) (€)
FAG FE8 Non-hydrogen charged testing

Control cabinet
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Industrial Robot Gear Lubrication — Market Needs a Standard

China

Japan

United States
Rep. of Korea
Germany
Chinese Taipei
Italy

France

Mexico

Spain

India
Singapore
Canada
Thailand
Czech Republic

Annual installations of industrial robots
15 largest markets 2018
154.0

EEEE——————] 55.2
I 40.4
I 378
I 26.7

— China robotics gear oil

i demand is surging driven

— by the fast-growing

i robotics consumption
O 3..3
H27

'000 of units

Source: World Robotics 2019

Operational Stock in China: Increased by 30%

700

600

500

400

300

'000 of units

200

100

Estimated operational stock of industrial robots
at year-end in China

97 1
Onylm-ﬂﬁiiii

2008

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Source: World Robotics 2019
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Industrial Robot

OEMSs
 ABB

« KUKA

« FANUC

« YASKAWA

Gear Reducer

OEMs

Nabtesco
Sumitomo
Harmonic Drive
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Industrial Robot Reducer
Operating Conditions

Long time fatigue

High operating temperature

Low temperature start

Leakage prevention

High friction

High shock load

Long ODI

Foam stability

Lubricant Performance

Anti

Requirements

-wear / Low friction

Micro-pitting

Extreme pressure

Thermal stability

Oxidative stability

Low temperature performance

Antifoam over time

Elastomer compatibility
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https://precision.nabtesco.com/en/
http://motioncontrolsrobotics.com/robot-product-catalog/
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