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Selection of the right gear oll

IMasarmum cperations! reliabiity throughowt & gearbox’s service
iife can only beenawred i lubrcants are not only considersd
necassary operating matenats but are taken into account Qunng
sl g=sign pheses as integral structursl elements. Ideslly, the
lubncant shoukd be selected in the design pheseof the gear

Thiz brochure describes In:a few steps how 1o saetect the nght
gear cil. For special applcatons, however, 2., where very
leng senice intervals are to be expected, or whers operating
congiicns arevery spacial, vou should consult with the experts
from Klober Lubncation. They will halp yvou utilize ail of yvour
sprdcetion’s potential by using the ides! lubricant.

we gstemins which lubneant & the-.oplimum choice n your case:

For selecting the right oil for vour gesrs, peremeters like perior
mance, spesds, emnvircnmental Infiuences and speciEl opensting
condiicns have o be taken into consideration. Based on such
informabon, itis possible 1o sslect the

— ol tvpe
— wear protection
—and theviscosity

which enables the gear oil to perform s t82ks 1o the optimem,
which include:

—absons forces
— regucs fnction
— MINMISE. WSar
— gissipets heal
—dabsors wesr and cortamination

Properties of gear oils

Gear all properties are determined by the base od and the
addives. The esseniial requirements on gesr cils are descibed
by leading gear manuiacturers m international standards and
specticaetons. They inciude:

— Dperaiing temperature rangs

—Viscosity

— AgEIng behaviour

— Low-tempersiure behaviour

— Corrosion protecton on stesl / nonferrous metsl
— Foaming behaviour

— Elgstomer compatibility

— Crompatibiity with nterior coslings

— VWear protection — fretting; micropetting

X

Operating temperaturs

The il temperature in indusinal gesrs = between 20 and

150 G, gepending on the type of gear-andg the appication
Heating of & gear system, in-paritcular of the gesr whesls,
beanngs and the lubrcant, is one of the mcst important crisna
1o -evaluate the gear's periormance. The exsting temperatures
are Indicative of the power losses:

Fpart from design-related imfluences, all iemperatures miainky
depend on the operaling condifions. Qil iemperatures nse wih
an mcreasing ambient temperature and when the ol is exposec
1o thermal racgalicn. They co not become quiie as high when the
gesris operated under partsl load condiicns or iIntesmitienty,

It iz enportant to ensure that the permissible tempersture limits
are not excesded Inindividus! gesar componants, the lubncart
and the acoessories fitters, pumps elc.), For viscosity-selection,
the cil sump tempersturs or temperature.of the injected o Is 8n
important factor.

Operating temperstures sbove average or temperature pesks
onen indicats malfuncions or incipiert damage.

oo m>e

Mass temperalure of the gear
Temperatures in the mesh
Bearing temperature

Ol sump temperature




Selection of the right gear ol

Viscosity

“Viscosity 15 of prmany importancs when sefecting gear oits, as it
signincanily determines the formabton of a lubrhcant film

Increasing viscosity of the lubncaing oil results In thicker lubncant
iz, thus iImproving the anfiwear anc damping properies as weil
55 scUATing koad capacity

Viscosity decresses with Increasing temperature and nses with
ncreasng load. I the viscosity 1s too high, ncreased churning
snd sgueseFing kosses can resull N excesene hest, especiglty at
elevaies penpheral speeds. I the viscosity 5 too low, mxec
fnction conditions prevall ang will result in iIncressed wear,

Viscosity iz highly miusnced by temperaturs. The change in
viscosiy with temperature is usually asterrmined by mieans
of the viscosity Index (V). The higher the VI of a gear.od, the
less viscosity changes with temperature, 1. e the figiter the
VT (viscosity-termparsiune) curve.

The degres o which viscosity changes with temperaturs depends
on ihe base oll tvps; such &s minaral .ol polyslphesieding estsr,
polglycol; sz well as on the V] mprover sodifives contained in

the lubncant.

Vizcosity-temperature behaviour of oils

1 Mineral ol
2 Polyalphaclefin
3 Polyglycol

Viscosity [Iglg] —»

Temperature [ig] —

Comparison of viscosity indexes:

Iineral-od Wi approx. 85 1o 100
FPohmaiphaolsfin V1 approx. 13010160
Paohyghvool Wi approx. 15010260

Hint: 4 high viscasty index facilitates start-up at low outsics
formaticn of & load-camymg:lubncant fim aso &t hgh temperatures.

Ageing behaviour

An of’s chemacal structure confinuoushy changes when itis
subjeciad to high temperatures, mixed with sir or in contact with
metal catalysts like copper, ron end others, causing i to.age:
Thespesd of the ageing process primarily depends on the od's
structure and the amount and duration of heat o which the cil is
subjeciad. Also, contaminants e water, rust or cust coninbute
1o oil s0eing. By adding special additives the lJubncant manuiac-
turer can retard the ageng process effiecively,

Qi ageing = indicated by a change N viscosity, fommation of acids
enhsncing comosion and resdues. Residues caused by ageing
ocour in the formn of lecguer; siudge.or-gurmn, which may .clog ail
ines, iImecticn nozzies and fiters,

Ageing has a negaiive efect on the oif's demulsiiving capacity, its
foaming behawour, its enticorroscn and wear protection, and, to
& ceralin extent, itz ar shedding capectty;

The ageing behawour of gilz i3 determined eccording 1o
AT D 25833

Low-temperature behaviour

Depending on the base oil type, lubncating-oils solidify at low
temperatures 83 ther viscosity increases, of dus to wax
crysialisstion of the containsed parsiins

Anal's pour point s indicative of s oold flow behavour, which is
detzrmmined according to 150 3016, Tha pour point iz the lowes:
tempersiure at which the oil still lows when it is cooled down
ursder specified fest condiicn=. In order toensure rapid and
=umcient lubncent supphy dunnig a ool start, the lowest
temperature ocoumng in & gear {starling femperaturs; shouid
always be several cegress above the pour-point.

Synihstic gear cils show & much better-cold fiow behaviour than
mirzral oils. Due o thair Mgh viscosity ndex VT, synihetlic oz are
less viscous at lower lemperatures than mineral ofs with the same
nominal viscosity: Thair pour-point s much fowes. sometimes sven
below 50 °C.

than miners! oils under comparable operaling conditions; which
=wihy they echeeve lonosr ol changs misnves:

Hint: Due o ther good coid start behaviour, synthetic-gsar oils:

Comparison of the low-temperature behaviour of mineral and synthetic gear oils

Product Oil type 150 V& Viscosity index 1802009  Pour paint IS0 3016 ['C]
FEibercd GEM 1-220 1 limeral il Z2 =430 =10
Filbersynith GEM 4-220 N Polyalfeclsiin 220 =150 = -4
Fiabersynih GH 6-220 Pobyghool 220 =220 = =25

FHiDersymih- UiHT 6-220




Selection of the right gear oll

Anti-corrosion properties

Anti-cormosicn properiies of gesr ois are assessed indnacuakly

]

— cormoson protection on stesl
— cormosson protection on copper
[compatitility with nonferrows meteis)

Corrosion protection on steel

It thare iz water m the system, due to either leakege or condensea-

tion, it will combine-with embient cxygen and lesd o nust Torming

on inagdegustely protected stesd surfaces.

Corrosion on components or rust pardicies contained in ths od ars

returned to the mesh zone and the beannas, whers they have an
sbrazve efect and promots wesr. Bust also EﬁiCLE ageing
stability and demuisificationof gear oils, and mey result In the
Tormation of sludge:

To-enhance their rusi-prevention properties, gear oils contan
potar rust inhibitors forming & compact and protective,
watsr-repelling laver The gear of's stes corrosion protection

roperties ars determined acconsing 1o 150 7120

o
3

Corrosion protection on copper
(compatibility with nonferrous metals)

.-

For gear oils contaming EF (Extrerme Pressurs) additives, itis

vital they do not heve a comosive effect on nonfemous metals,
especially on copper or copper alioys like bronze and bress. The

coirosion behaviour of gear oils.is tested acconding to 180 2160
using & copper sinp

Hint: V/hen using & osar oil for componsnis made of of con-
{sining copper, ke brass or brofze: i showlo pass the cooper
carrasion test-aocording to 150 2763 with the rating Ta.or 1B

Al gear oils from wldber Lubncation whech comiply with the
requirem=nts of DIN 51577

COMoShE G COpPEr Bnd prevent Comosicn on sies

oy GLP lubricating oks-are not

Compatibility with inferior coatings

Gear housings made of grey cast ron o stesl are ususlly coated
to protect them aganst corosion dunng storsge, frensport or
eadended perods of standshll

The prnmers cormmonty used for intenor oogating ars resistant 1

o

rmineral gear oils up o160 °C. However, they ars nat alweys

resistant st highsroll temperatures (> 100 °C) or tosynthelic.gear

offe, ezpecially those bas=d on polyalycol The costings may gt
dizzohye or form blisters end chip-off, ceusing gear mafunc-

fions or damags by clogang oil lines, filters and dessration holes

yvo-component costings based on epoxy Esns nommakty ars

re=tstant to at ;. even at high opergiing tamperatures. Ve

recommend to have the pamt manufacturss carry out compatibility

te=tz pnor to senes application

Foaming behaviour

Giearoils should be ablz to ssparste dispersead air rapedty and
preaent the formation of stabis surface foam. Foam i genersted
y-air bubbles nsing to the surface. The bubtbles should burst a3

guickly 83 possible to kesp foam 1o & minimum

f.:.

Partizutarty in case of splesh-lubricated gesrs operating at
e tc= migh penpheral spesgs, the oil has a proncunces

foaming t=ndency due io the air constantty imtroduced: Contamu-

nants such 88 wWaLer Dust, cormosion partckes and egeing residuss

misy even increase the foaming tendency. Foaming has & strong
negsiive impact on the lubncant's properties, such as oxdation
stability, heat dissipebon, sto. Bxcessive foaming may ceuse the
foam to be forced cut of the breather vent; In case of force-feed
ubncation there is the danger.of fosm baing drawn into the ol
DU CAUSING TOSE Oof camage:

The oil menuiacturer cen reduce the foaming tendency by &dding

arti-fcam additives, However, too high & concentration msy affect
the air shedding capacity. The foaming tencznoy of & lubricaiing
ol Is determined acconding o050 6247 or ASTH D 832

A mors practice-onented epproach is the Flender foam test

according to 150 12152, which is incressingty Gaining 0 empor-
tance. In this tesi. the geear pair runs n the cl, s entreinng air
intc the-oil, Then the ol i5 chacked Tor ar abeorpion, formation

of ol-gir dispersion, surfsce foam and the degres to which thesse

Gear oils mads by Kiiber Lubrication mest the stringent
requirements of the Flender foaming test




Elastomer compatibility

The metends us=d for redisl 2hail seals [F55; or stetic seals, e.g.
OHring sesls, must not become brittle or sofier when expossed o
gear oi, 83 othermize their sealing capecity woukd be sfiected. The
sealz would suifer premature wear, leading o leakage. Cleaning
snd possibly expenave gear repairs would become necessarny.

Especially when higher torgues lead 1o higher-operaing tempera-
tures, or when a gearboxis changed from mineral to synthetic ol
ubncsiion, compatbdty with the sesis should be considersa.

Thetests used for veriying the statc and oynamic compatiility of
gear oz with elssiomers are based on IS0 1817 end DIM 3753,

respectively

Through the LubesSeal program gointhy run by ¥0ber Lubncation
and Freudenberg Sealing and Vibration Controd Technoiogy, gsar
cila made by Wiber are now cesigned to metch redigl shat seals
rrade by Freucenberg. So.now gear oils from Fidber can be
selected to ensurs trouble-fres operaion, I the matenals 1o be
used are selecied carsfully, run-times of mare than: 20,000 howrs
can beattained.

General overview of the compatibility of gear oils with sealing materials

Abbreviation R ACM VaM FKI PTFE
Tvpe Acrylonitrie Acrylate Sliconerubber. Fuornated Pobtetrafluons-—
butsdiens rubber rubber rzbber; -sthyien
=.0: Viton-
Thermal up to T00°C up fo upto125°C  upto upioc
resistance 125°C 150°C 150G
Flobenil GEM 1 M IMineral oil . L O | | | |
tlabersynih GEM 2 N Paolyslpha-
. . . m| . .
oisfin
Klibersynth GH B Falyghyool . 1-: 0 - s

Kldbersynth LIH1 &

* compsiibie. W oompatible under certsin coanditons. B Mineral ode are orly compatible with sasle up 10 125 °C
[OdCormpatinle with & gesr ofa, but eF ahedding mey be impared  x not compatible

0

Wear protection

The chellenging requiremenis N gear manuiaciurs today includs
protection. against seizure and micropitiing, the reguction of wear
under high s&ding koads and the protectcn of roling beanngs
against wear and fatigus.

Protection of gear teeth

Heavily loaded gesrs ars potemislly subject to sezure-and pitting,
as the Fagh foads generate high pressures and lemperaiures,
wihich ine furn can lead 1o tooth gamage resulting in premeture
gesriailure. The risk i3 particularty high with less than perfect
tooth contowrs and surisces, impact loads, vibration, a figh
degres of sicing Tiction ang high suriacs prassure.

Scuffing: The F2G =cuffing test according to 150 14635-1 I8
generally undertsken o test the capability of gear ails to protect
against souffing damege. Load stage KS 12 of the FZG scuffing
test 15 the minimum reguirement for CLP ois acconging o.M
51517-3 and EF oils according to AGKMA S005E02.

Hlober Lubrcation s gear oils withy KliberComp Lubs Technclogy
surpass this level, offening supenor protection with significanthy
higher scufing loeg stages and speeds sven under extreme
shock losa conditions.

FZG scuffing test (results)
AfB.3/B0. AF16.5/90
zi4

ﬂ_“ =
o =12 & =12
_g-‘l:.? . E

=
20 =
=2 o
e =
s Stendsrd  Khiber Stenderd  Kiiber

GLP il gesar oile GLP ol gearols”

= in Kimertemn Lims Tazmrmngy

Micropitting: The mecropiting test sccording o FyA 5477 has
become the indusiry standars for assessing a gear oil's micropfiiing
load-camang capacity 85 low, medurm or high.

Hluber Lubncation’s gear oils with KiaberSomp Lubs Technotogy
are ciassfned &2 heving Mgh micropdiing resistance,

e oad stage-= KS 10,

F&G micropitting test (results)
GF-CrRA/ GF-C/B.390
=10 =10
= [F
2 T =
g g -E e E
= = =
gt =i
= = =
o k =
E =
HE Standsrd  Khiber Stsnderd  Kiiber
GLP qil gear olls” GLP il gasr olle”
iR bEberTomg Libs Tadhroogy

Protection of mll.ing bearings

Apart from the gesr testh, also the roding tesnngs heve to be
pratecied agamnst high wear-and premeturs fatigues, which are.
oiten the reason for gearbox falures. The infiuence of high-
perfoMmancs gear-ails on the wear behaviowr of roling beanngs is
examined in the FAG FES wear test aceording to DIMN 51813-3.
Fidber L ubncation’s gear oils 2urpass this test's minimum
requlrements for CLP iz, while also attaining twice the cailculsted
bearing iifein the FEE lifstim= 125t Consequantly, thess roling
bearings can atian the semvice life projecied by the beanng
design.enginssr.

FES rolling bearing test (resulis)

Wiear D 7.5/80-80. ‘Bervice life D 75/80-80
49 2000 600
=
E =30
= = — 2
= = =
= —E =
E 10 ﬁ i
o 1D —& i B
2 = E
- == o
CLP ol oesr oz ClPol  gesroi”
‘.w!'lilﬁ:n{h:':nuﬂ-'ﬁl:irmw
Conclusion:

The perfomnance ratings stpulsted by gear ol standaras such

as DI 5151 7-2 or the similer-AGNMA 2505 are-often mot sufficient
o ensure refisble operation. High-perfommence Gear ois meds

by FiUber Lubrication surpass these siendands ang thus reisbly
protect gearboxes egainst tooth and bearing damage alsc in
critical applicetion situations.
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Mineral or synthetic gear oils

Todsy, many enciosed industnal gesrboxes are still lubncatea with
rmuneral cils: Vnere these Gils come up agamst ther emitstions,
&g In temms of operabing temperatures, the use of syniheic gear
oz should b2 considered. Gear lubncants Hassd on the following
synthetic cils have proven most shective:

- relphiaoclefin (PAO)
— polyglycd (FG)
—-ester (E)

Polyslphaolefins (PAO)

Folyalphaolsiins nave a chemical structurs simiar to mineral ofs:
They are-thersfors gensrally known under the desgnaticn
synthetic hydrocaroons (GHC), Thair compatbility with sesl mate-
nals anc pants iscomparable io that of mineral ciz: They should
tedisposed of of reprocessed Inthe seme way a3 maneral oils
&nd &re miscible with mineral il residuss. Selected PAD base-oils
snNd comespondng addilives may aiso.oe used for the manufac-
ture of physiciogicsily: safe-gesr lubncants (H1 oile™) for use in the
Tood-processing anc phamacaeutical Indusines. Gear ods based
on PAD show good: oxaaston resistance, snebiing much longer:oil
change intervals. They also show especialy good low-tempera-
ture behaviour

Polyalycols (PG)

WWith poivglvedd cils, very low friction results can be stisinead,
which is why they are preferably used far the lubneation of gears
with & high proportion of sliding Mction, =.g. worm and hypoid
gears. VWhen combined with corresponding additives, they show
exceilent sntiwear cehaviour, especially in stesbbronze wanm
gears.

Just fike gear oils bases on PAD, als besed on specific
potvahscols and additives may be used for the menuiacture of
phy=icicaically safe gear lubncants H1 o#s™) for use in the
focd-processing and pharmacsutizal industnes.

Paohyglveols are miscibie with mineral oils to.a limited extant only,
s mixing should be avoded, Because of thair high resisiance
io-oddation, polvglycols are ofien used at extremely high gear
femperaiures.

| Thessa iubncents are NSF H7 egistersd ang thersfone comphy with

FDA 21 CFR & 172.35700 The fubricants wers devaloped for incidentsl contact
with produsts end peckagng metenals n the food-proosssing, cosmeabics,
pharmaceubical or animal fesd industres. The use of thess lubnzants can
connbuis 1o noresse reliskilty o your production orocesess, We neverinelzes
recommend conducting an eddifional sk ansiysiz, 2 g. HACCP

Comparison of the upper service temperature of a mineral oil with synthetic gear oils

Product il type IEG "iﬁ. Viscosity index Upper service temperature
Hlabemoll GBI T M Iineral il 220 =80 00
Flibersynih GEM 2 1M Polwslphecieiin 220 = 160 140 %
tlabersynih GH & Pobygheool 29 <090 180

Hldbersynth LIHT &

12

Esters (E)

Synthelic ester ails sre compounds of acids and alcohicks.
Innumersbie different ester structures ere thersfore possible, each
with gitersnt chemical and physical charactensics angd giving
nze to different lubncant properties. Depenaing on the inchaduat
tvpe, ester oils may show particularhy good thermsl resistence or
& particulsrly good low-temperaturs baheviour:

The ester cils used inindustnal gears are normmaly of the rapidly
bicdegradable type. Their periormancs & generally comparabis:
with that of potyeiphaclelin.or pobyghyool ois.

Esters ars miscibie with mineral ollz and potyvalphecisins, Mwang
with potyglvecis iz possitle 0.8 imiteg exdent only.

Benefits of synthetic gear oils

In addition to the wide senice tempergiurse ranges-synihetlic gear
ails-offer many advamniages compared o mineral oiks:

—a to 5 fimes longer o change indervals under the same
thermal condiions

— Higher wear protection

— Betler cola start with the same nomingl viscosity (150 WG]

— il coolers may not be reguired due 1o reduced operating
temperatures under Tull load

— Lower geanng loeses due to reguced fnction Eads 1o
lowear energy oosts

0il life time

The proionged serice e of symihetic lubncanis and the conse-
guent longer il changs Intervals can reduce Souipment downimes
aNd ssve resourceER. In some cases; brication for-life 15 possibie:

Typical oil change intervals

180 . o r —
150

140
130 N Polygiycal
120 N

140 . PAD Jaster—
100 ‘\""- \\\:‘:"(/

Ciil lempe o |G

00 500 1000
Oil change intesvsls [0}
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Selection of the right gear oill

Improved efficiency by reducing gear friction losses Friction coefficients of various gear oils determined Eyen in spur and bevel gesrs that already oosn ith high or the total numcaer of gearboxss ussd. The vanous degress of
on the twin-disk machine emciency, & changeover o synthetic gesr oils may kead toa gfciency improvemert thet can be atteinea by synihatic gear :||I5.

mithetic gear cils basen on pofvaliphaciedin, ester orpobyahsood further efficiency increass of _i|:- 101 Ta: VWhis this.might not

= WV

l’..l_l

show & consideratly lower gear fnction coefficient than minersl = nEn sound like much at first; | v lead to substantial snergy cost high, are shown in the following table.
ofis-dus to thair particular moleculsr structurs . savings depending on the power rating of a gesrbox

BB ————
Thefricion generated im gears with aynihetic ois can be mors Q04D —— ——

than 30 % lower than that of an industnal EF mineral gear. oil o

B 1B e —_—
Due to the lower chon cosfcients of synthetic gear clls, they

o) :
nelp reduce geanng lossss consderally and hence noressng Gear type b Worm gesars, Spur or bevel gears,
near ey e hypoid gears axes not offset

it o p— Effect =

Especally in gesrbosss with & high share of sliding fricton, &g Wimamalo P aster Faygi=s

wiorm of ypoid gears, a changeover from minersl 1o synthetic - Reduction of 1ctal loss 30% or more 20% or mors
=ar oils can lead to moreases in efckency of more than 20 5o Efficiency ;m,.-.r:,‘e,—u—,f - 0% ar more up to 1%
Reduchon of operating temp 20 "C.ormore 5 7L of moie

|steroy-state iemperaturel

Patentsl e i of pesing loe

i
i
i
n

LRI

B e synthehic gear ois mads by Kldber L ubncation offer signfficantly higher efficiency than & stendard gear oil based on muneral oil,

resuitng in e wer all temperaiure 85 shown inthe thermnal plictures

Stendard gear oil Kiubersynth GEM 4-220 N
(Mineral oil, 150 VG 220) Kliberoil 4 UH1-220 N

Klibarmyrn-GH & Kiibermymik GEM 4 N Minaral o
Test gear: Test canditions
Sender TUWED tpuT SpERd 250 1/ mn
fad 220 3 =EXmm Ot torgus A0 Ky
1&MIRCrEE B0 WE 280
5C - Cabnta

Even in spur gears, an of izmperature reduction from-85 *C with minsral oif 1o 20 °C with Klibers syn
can be achieved. Thisresults in a reduction of energy consumption, longsr ifefme of the gearbox end lezs maintenance.
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. L 106 °C

Fliberoll GEM 1 N BN 46,7000

i+t ++ + + FHF FEF FEF CLP, EP oii
Kilibersynth GEL 4 1- Fa0 32._BED 4t = 34 _51°C 140 °C 4= it ++ ++5 CLF =5 ail ++
Flibersynth GH &7 PG 22 1800 <+ +++ — =557 160 TE: ++ +=++ ++5 55 CER ER ol et
Klibsrsynth UH1 8% PG 1001000 -+ - —— =35 7C IEG o —_— —= e ——— CLF EP oil —_—
Kliberoll 4 UHT H FAo 32...1500 +* + 4+ =35°6 120° G +5 +4 +++ ++ CLR, BP oil +F
Klibersynth GBJ 2 Estar 228,320 - -+ - =33°C 130 °C - + e = - -
Klibsrsynth G 4 FAD 8. 220 ++ F 5 —40*C 146 " + + + = - -
Kliibersynih EG 4 PaD 150...1000 <+ ++ - -35°C 146 °C ++ + + - EF il =
Klitersynth GHE © PG 10a, 480 - -+ - =35°C 160 °C -t += += <% G, B oil -+t
Wiibersynth GE4 7R W 80 PAD i +¥ +++ + =0 1567 T+ +— = - - +
Klibsrtio CA 2 Ester 1040, 460 ++ F - =305 116 7S S * = —: CLP, EP oil =
Kiibernio EG 2 Ester 150 23 = = -25°C 100 °G 4= g ++ 2] CLF =5 ail ++
Standard CLP-0 - - - - - Mo ho - IWEnimum tinimom Minimum CLP, EP oil Mo
requirsment requirsment requirement requirsment requirement requirement

+++ Oglimum perfonmance ‘benstt ++ Inoressed periormance ( benefit + Stendan

= WllbarComp LLhETathdngy = H1 cerbified = SAE viscosity cless 75 W A0
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Viscosity selection

Therequered gear-oll iscosity depends.on the gear geomeiry
and loeds. it can be determined on the basis of DI 515051
by calculating the foroe-spesd Tactor K=/v Toreach gear stage.
In addition io the gesr dimensions, this Tactor elso tekes nto
account other parameters influsncing the viscosity ke the gear
speads and loads. For the celculaiion of the force-spesd jactor,
one has to distinguish betwesn the following tvpes of gears:

Determination of application factor K,

Operating characteristics of Operating characteristics of driven machine

driving manimre uniform moderate shocks medium shocks heavy shocks
uniifonm 1 125 15 175

light shocks E1 1.36 16 185
mogdersis shooks 125 15 1.75 2

heswy shocks 5 175 2 225 or highsr

The values spoly to the nomins! forgue of the driven machine, sfemstvely to tre nominal torque of the diving motor, 7 it comesponds to the tomgue demand
of the driven maching The vaiues ststed are only vahd for machines not operating in the resonancs range and only 7 they have = unfom poawer reguere-
mant. bn.epoficelions with ecoeptsbie losds, motors with nigh sterbng torgue, mtermittent operstion, esdreme snd recuming shock loeds, the gesms should be
checiad for stebc and fatigue strength. For 2xamples. ses DI 3880, pat 8, peoe B

Examples of driving machines with different operating characteristics

Spur gears, bevel gears Worm gears
3
ks =[bF1 .“”.zi.zg.xﬂ he L
v -d, u ' / v a’-n,
v Periphersl speed [rfs] 5 Cuitput Toraus
&= Periphers! force m & Shaft centrs distancs
b Tooth width [mim] ng Yiorm spse0
d, F=sfarancs digmsisr [raim] K Application factor
u Gearrafic (=2 17 52 -
ke Application factor =
~L Disfribution factor =
Z Contact ralic =

- Characteristic Driving machine
LG Bleciric motor (e.g. DC motor), steamygas turbing In stesdy operation ™)
{lowr starting torgues at long nderdais} ™)
light shocks Steam-turbine, gas turbine, hvdraulic/slectric motor (higher starting forgues st short intenvals) =)
micderais shocks FAuB-cylinder internal combustion engins
heswy shocks Single-oylinder internal combustion engins

= Az determinad in wioraton t=ate or empiricely with similar eysiems
= mee sanvice e curves ZNT, YT of the matenal in DIN 3580 part 2 end part 3. Considerston of shot-term overlosed omgues

Examples of operating characteristics of the driven machine

Cf leriste Driven machine

Additional formulae:

F,=2000: T, /d,
finput torqus T, I [Nm],
reference dameter d. n mem])

v =T+ - I £ B0ED

[reference diameter d. n [mmil,

torguen; m [l

Approximation; Z7-Z5=3
MNote: Gurde values for i,

are listed mn DN 3850-6.
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LG Power generaiors; continucushy 7ed belt and epron conveyors; feed screws; light elevetors; packaging
machines, machine ool feed drives; Tans; ight centrifuges; rotary pumps; agitators and mixers for kight
flulds or substances of even density; shears; presses; punches™; rotary units; travel gears®

miodersis shocks Intermittently fod belf-and apron comveyors; maching tool main drives; heavy slevators! rofary units of
cranes, indusinal and mining fans; heswy centrifuges; rotany pumps: agitators and mixers for viscous
fiukds or substences of varving density; miulti-cvinder piston purmps; fesging pumps; exineders in gen-
eral; calendars; rotany kins: rolling mills¥ {continuous zinc band, aluméniurm beft mills, wirs and rod mils)

medium shocks Rubher extrudars; intermitisntly operating misders for rubber ang synithetic matenas; ight-weight
ball milks; woodworking machines (gete saws, tuming lathes): blooming mills 2 ¥ hoisting units;
single-cyiindar piston pumps

heswy shocks Excavaiors, buckst whesi chain drives; sofesn dives, showvel dreggers; heswy badl millls; rubber kkneaders;
stons and ore orushers, mining machineny: heavy Teed pumpe; rotany delling installations! brick pressas;
debardng drums; pesing machines: coid bealt millz® ®; briguetting prassss; pen gringsrs

1) Momire! iogue = megmum cutbing, pressing, punching torgue. 2] Mormms! tomue = meaomum sterbng forque . 33 Mominal torgue = maamum roling torgue
A PR

4 Tomgue basad on powsr imid 51K up to 2.0 dus to freguent bet breakacs

18



Mineral cils

After having determined the oriical force-spsed factor kv, the
requEred noeminal viscosity for mineral oils can be piolted scc. 1o

DM 51509-1. Distinction 1= made betweean the different gear fypes.

Viscosity selection for spur gears, bevel gears
e =1
= i
iy '___.-:"
E-m _pr""#
,;‘!E:i 1l
i =
£ i T
= 40
-g 0
= 20
1t

it aeE i o FAE flod 2 5435 w 2
Leoadizpeed factor k, /v [MPa -=/m]

MNote:

The curves of mineral oil viscosity shown apply toan embient
temperature of 20 °C and an opemationsl ol temperature of 70 °C.

I the ambient temparsturs s pemmanenthty above 25 75, the
viscosity hasto be incressea by approx. 10 o forevery 10 °C
termperature nss versus the amoient iempsrsturs of 20 0.

I the ambient tempersturs s pemmanentty below 10 °C, the
viscosity hes 1o be decrsased by approel. 10 56 for svery 3 °C
temperature drop versus the ambisnt tempersture of 20 "0

Viscosity selection for worm gears

1208,

1000

Wi aril ol

¥, [ramiis]
B

;
%\

Mewrimul \'hgndh'
B
B S— -

B

-==.J|-l-"""

3

0% 2asF H 3 o245 WP 2 Z4E W 2 Z4&E AF

For the foads of two-stags gaars, the gear stege with the higher
force-speed factor kv is the one to beconsidered. For three-
stage gesrs; one has o interpciats between the two micst crtical
gear slages.

Synthetic gear oils

The recuired nominal viscosity for Kliber synihetic gesr oils can
bie determined by means of the Kllber Viscosity Index KWVE and
the expected opersting temperature of the oil. For this purpose
the force-speed fanior /v i caloulated for 2ach gear siags and
us=d for determining the Kidber viscosity incex KVZ-

Aosain, disbnction is made betwesn the different gear tvpes.

= .02

> 0020008

= 3081003

=031t 08

»>08i01.8

>1.81to35

= 3.5t 7.0

d:-qmmh-mmu'g

=70

wma
=60 L
=&0 =
= 400 to T80 i
=-1800 to BOCO B
e BOGHE 9

After having determined the Kluber viscosity index FVZ. the
required rominal viscosity for Kilber: synithetic gesr cils, which
are-svaisble in many 150 VG gredss, can be selected from the
diagrams starting -on page 22 isking inio. accouni the expected
ocperating temperature of the od.

Note: The cperational oil temperaturs iz the all sump temperaturs
or the temperature of the iInjected il

Example 1

BExample 2



Viscosity selection

Viscosity selection (150 VG) for Klubersynth GEM 4 N

Vizcosity selection for Kiuberoil 4 UH1 N

4 Spur e,
el geats TevE gaaTs
E\\\\\\\\\\_-_ 1 worm s IO gEars
1N NN NN NN P
g < S
i, e é :j:i
: a0 g o
g 2 g 8 i —ay .
o T T — ko =]
i eg “-g3 S0f '“i\ a2 B g . g
i 3% 40 B 8h Th BN 98 0 0 wEn iR a4 = TR
M an 80 & 500 S0 A BED G0 WOyt 1
Oil ooerating temperatune ["C] 0il operating fempearatuse [*C]
Viscosity selection for Klubersynth GH & Viscosity selection for KlGbersynth UH1 6
Sgurgears, @ Bpur geats
R R ! ’ NP ;. P ’ 4 = e
=P NN\ —
g =toon E 5
i ¥ s 50
i 880 z
d:? 5 = \_ —4E0
E : ;z é s IJ" \ "\.\\ — —gan
i ; g i ¢ l \‘\\. e g
= e 1 T 00 Az g
= (7] 5 ! &
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03l operating tempeature [*C]

300 40 B0 B VO S0 @D B0 WY 123 130 14050 18R

0il operating temperature [*C]

1

Singie-stage spur gear for driving & fam
i the beverage Indusiny

Dirve; Blectnic maotor
Momenal tangential load: F,=3000N
Toath wedth; b= 25 mm
Reference diameter; d; = 230 mm
Giear rato; u=25
LT LR
Application factos: W, =1
Circumisrential-spesd: V=4 mis

Sinbeckian contact pressurs:

Force-speed Tacior

Hlober viscosity number
from iable on po 21 KWL

Ol sump temperature to be sxpeciad: w50 T

b, =2 2WMPe

Example 2:

VWonm gear stage.of & gear motor-driving &
circuiar conveyor in the beverage indusiry

Dirrve: Blectnc mctor

Output tomque: T. =300 Nm

VWoanm spesq: e =a50 mir "

Shaft centre distance; a=0063m

Applizaton Tactor: K. =1

Force-spesd facton kv= 3428 N-min
m*

Filuber viscosity numiber

from table on po 2 PNE =8

il =urnp temperaturs 1o be expected: =80T

%&lﬂ nﬂ Eﬁmmﬂi‘
Mmmﬂﬂmwm

mmﬂawmmﬁmmmm

w wmmm resistEnce. !msﬁim
it isimportant mmhhﬂmﬁﬁwmmm,@
mmmmh the gearbox, 1.2, roling bearings,
plan baarings. couglings, oil pumps, m




Qil level, immersion depth and oil quantities

Most enclosea indusinal gears are lubnosted oy ail. The smpiest
way-of supphiang lubncant 1o the componentsis by Immersion
Thiz method combines the benefits of baing econormical and
simipis with reliable, continuous fubrcation and & cooling afect
that 1z sufficient for many applicalicns. Splashing ol mey also wet
gears end roling beanngs that are not themselves mmerssd in
the oil bath

Thiz splashing effect can be enhanceg by fitting ecoiional spiash-
INg disks on the gear shaits. immersicn ol lubnoetion works well
withiout specficslly adusted gesr design up 1o penpharsl speeds
of approx. 20 mds. [ plates-ang pockets ars fiited o guide the of
maovement, higher penpheral spesds are also possible

With splash lubncaton it s important thet & ceran il levsl =
mainiaimed at &l times in order 1o ensure damage-ree opere-
tion. if the cil levsl 15 too ow, it mey result in-starved lubncabon,
nadegquate heat dissipation and increased wear, i the-oll lewst
iz too high, churning losses may norease, resuiting in higher.oi
temperatures end gear inction losses. Inorder 1o keep churning
Iosses tow, the depth of immersion 1s reduced with moreasing
penpheral speed

29

Recommended immersion depth

Typeofgears __ Opersting conditions

Te———"

Spur gesrs Peapheral spesd upto 5 m's

Penpheral spesd > 5., .20 mv's

3 1o b imes the module zize

1 1o 3 Emes the module size

Bevef gasrs - Testh mmersad-acroes the whole whess width
Vo gearz \Worm ower whesd YWheel immerssd o appros. 1/3 of its diameter

VWhised over worm

Vihael immersad approx. haihwey the mesh

Lateral worm

VWhesl immersed at least halfway the wonm height

Further oil lobrcaton methods are mmersion circulslicn ubnca-
tion ang force-feed lubrication. In appdicaticns where penpheral
spesds ars too high for immersion lubncation,

and for mast gears running i plain besnngs, forces fead
lubnceton injecting of dirsctly tothe mesh is used.

Recommended lubrication methods

oo Derchtrel soeed

Lubrication methods

Spur and bevsl gears -t 20 mis
rom 20 to 250 m's

tmmersicn Mbrication
il ingection lubrication

Viloern gears up-te 12 mis frnrmersion lubncation
fwoam Irnmersicn) from 12 mis Ol imecton lubncation
Vo gears up to & mis tmmersion ubrication
fwhesl mmersion) from 28 m's il ingection lubrication

Force-feed lubncation = suitabls for even the highsst penpheral
spesds encountered in gear svsisms. Ol s brought.onto the
tooth flanks wvia slotied or perfiorated nozzles. Theinjecion
guentity depends on the amount of heat to be Gissipaied.

A= arnule of thumb we recommend:

0.5 1o01.0 Vmin per cm of tooth width

Hint: The reqired off circulation guantity is mads up of the
lubrizant auantity recuirsd far ihie gesr whesls plus the quantity
requirsd for the bearings.




Normal oil change without changeover

Oil-lubncated gears reguire an ol changs from time to time
since the oil changes its charactenstics bevond limits dus to
the workng and ambient conditions, e.9. ageing, abresion end
contamination. The ohisctive of the o changs is to ensurs
continued relisbis lubrcation. This s also the objective when
repiacing & gear oil that is basically still fit for use, but not under
the prevailing opersting conditions.

VWhen an oil change of this type is performed, some residusl oil
will hways remain in the gearbon In many cazss, thess resdues
cannot be tolersted end must be removed. The simpiest methog
1= flushing the gears. i possible; the old gsar ol is drsined whils
still warm, 12 immediststy sfisr the gears ere stopped. Draining
1= followed by flushing to remove residues. The ofl container and
inside walls of the gearbox can also be clean=sd by non-fraying
‘cloth — do not uss cleaning woal — andfor & rubber biads.

A bgoer problem is mars profound contamination in the form of
deposits caussd by strongty aged ol Insuch cases it iz insvital-
le that the gears be cleaned by means of cleaning oil and manual
clesming, a3 far a5 acceszibie. A sultable of for cleaning gsars =
kMiberSummit VMarnasobhy, which guickly dissolves residuss whnen
Bcded to mineral oil or PAD at & concentration of 10 3, ie. by
drairing approx. 10 3 of the gear oll, and then topping up with
KHibersummit Varnasohy, After- 24 to 42 hours of operation,

th= oil can be drained. Any remaining res:duss o&n os removed

0il change checklist - Gear inspection

* if requirsd




Oil change: How it’s done

Changeover from mineral to synthetic gear oil

Whnich synthetic gear oll is Dest suiteg for & changeover shouka
not be-decided by the end ussr alons, but always be agreed
together with the gear end/cr eguipment mariactirer

Every changeover from minaral to synthetic ol should be
periommed with grest cars. £ may not be enough to simply dram
the ussg mineral all and fill in the nesw synithetic ol Oider gesars,
I particular, can be gssumed 1o conmiain of residuss in the casing
the ol lines et which might-be dissclved by svnihelic cds.
such resigues arenot removed, they mey causs problems gurning
operation. Oil ines ana filters may be clogged, s=als, pumps and
testh damaged. By replacing sppros. 10 %% of the sxisting mineral
ol Tl with Kiober Summit Varnasoly, od residuss can be dissoive
to make cleaning of he gear-easier. To prevent damage, the gear
or lubricant circutstion systermn should be fushed with the new
synthetic oil efter the old oil has besn arainaed, deslly at opereting
temperature.

Flushing should be repesied once of twice when changing over
toH1-registersd or bio-lubncants ke KlGber ol 4 UHT N or
kFiiberbio cils 1o ensure that alt minersl oil residues are removed
snd imporient festures like food safety or rapid biodegresability
&re not Impatred.

The synihetic gear cil that was used for fiushing must not be useg
Tor lubrication afterwards, however, it can be kept for further
fiushang operaficns. Pricr to filling the resh syntheatic oil, oil Titers
or filker elamenis should be replaced,

Changeover from mineral oil for polyalphaolefin (PAD)

— Klibersynth GBI 4 M

— Klierot 4 WHT I

— Klibersynith GE 4 75V 80
— Klibersynih G 4

Folyalphaoisfins nave a chemical structurs simidar to that of
rmuneral cils. Tharsiore; they can be mieed wath resedual minsral
ol which.cannot be removed by nommis! ol graining. However,
norcer o mantan the oll's full pedormance, resicual mireral
ol content in the gearbox, circulation: system and ol contamsrs
should not exceed 5 %0
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Syrtheic oils with a bass odl ofher than FAC must not be mieed
wheress gear oils based on PAD from different manufaciurers as
miscibie, however their content should be kept as kow sz possible

n order not to affect the properties of the onginal gear oil.

At operationa! il temperatures. over 80 °C, i/ iz recommended to
use only seals mede from fluonnated rublber or pohvetrafiucno-
AT .

etiwlene (FTRE). At tiemperatures below B G, seals mads from
MBR are sizo resistant o PAOC oils

For the inside coaling of gearhoxes We ecomimend using epoxy
and pohurea pamis

Changeover from mineral oil to polyglycol (PG)

—rdubersymth GH &
—yiubersymith UH1 6
—yuberssmth GHE G

Pobyghveois are: miscible neither with minaral olis nor cther
synithedic gear pis. Polyghycols from different. manuiachirers arse
miscibie, however their content should be kept as kow sz possible
in erder not 1o affect the properties of the ongnal gear oll.

Vihan using pobyghyool ods, make sure you know the materials of
your s=als, paints end inspechion glasses 1o rule cut undesirable
imterschon with the lubnicant. At operalional o temperatures over
80 °C, it i= recommendsd 1o uss seals mads from flucnnated
rubber or pohdetrafiuoroetnyiens (FTRE) onty. Betow 60 °C, seals
mads of MBR are alzo resistant io PG oils

Fpoxy end polyurea peints are recommenced for intemal costing
ot housings: Polvglycols are neutral towaras ferrous and nesrhy all
nich-ferrous metats, VWhere one or both ncticn bodies consist of
an slummnium-alkoy, howsver, e.g. roling beanng cages or womm
whzels-contaning alurminium, a combinaticn of dynamic koads,
high siding spesds and high loads may lead to increasad wesr,
hiowever oty occasicnaly, Compatbility tests are therefore
recommended for applications where this is the case:

For funcion testing, runnmg-in and long-time storage of
gesrs niended for futurs lubrcation with poévalvcol cils,
Hlobersynth GEZ 6-220 may be used.

Changeover from minersl oil to ester (E)

— Klbbersynth GEM 2
— KluCermic EG 2
— Klbbernic GA 2

VWhen changing over to ester gear oils, make sure you Know the
migtenals your seals panis and mspeciion glasses are made of o
rule ocut ungesirable interaction with the ubricant

Estars are miscible with mineral oiz and polyaiphaolefins. Mxing
with palyghycols is possible to g limited exdent onty. Mixing with
esters from. other manufsciurers is permissibis s long as they
ars o the same ssier type. The content of ofher alis should be
kept as low as possible in-order not fo-affect the properiies of he
crgnal gear ol
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