


THE USE OF ENERGY HAS PROPELLED THE WORLD FROIV] EARLIEST CIVILIZATIONS, THROUGH
THE INDUSTRIAL REVOLUTION, TO THE CURRENT TECHNOLOGY ENABLED WORLD. IT ALLOWS US

TO HEAT AND COOL OUR HOI\4ES, TRAVEL TO AND FROM WORK, AND UTILIZE THE MULTITUDE OF

MANUFACTURED GOODS WE RELY ON. GLOBAL ENERGY DEMAND IS PREDICTED TO BE ABOUT
30 PERCENT HIGHER IN 2O4O CON,IPARED TO 2O1O. WTH THE INDUSTRIAL SECTOR CONSUMING
ALI\4OST 48% OF THE DEMAND t2]. SEEFIGUREl,

THE PURPOSE OF THIS ARTICLE IS TO HELP THE INDUSTRIAL SECTOR I\,1ANAGE THE PROJECTED

DEI\4AND THROUGH THE USE OF ENERGY EFFICIENT SYNTHETIC GEAR LUBRICANTS, WHICH WOULD
IIIAXIMIZE THE ENERGY AVAILABLE IO MEET DEMAND.

SUSTAINABILITY
Advanced synthetic lubricants can address help us

address energy demand to achieve sustainab lity-

ExxonMobi Corporation defines sustainability as
balancng economic growth, social deveopment and

environmenta protectior so that flture generatons

are not compromlsed by acuons taken today [3]. see
Figure 2. For exampe, oll that extends lubrcant dra n

intervals maycontribute to heaith and safety by reducing

the amount oi interacton between humans and the
mach nes. The choice of proper lubrlcant can also

help extend equipment lie enhanc ng reliabilty and

equipment avallability leading to increased return on

capital or economic growth. And longer o I life can also

help reduce waste or environmenta impact related to

ENERGY LOSS IN INDUSTRIAL
EOUIPMENT
The causes of efficlency loss n gearboxes genera ly fall
into two categories. those which are speed deoendent

afd those which are oad dependent. The load

dependent losses are of iaterest as they result from

internal fluid iricUon 6nd metalto meta contact. They

may be improved upon by lsing a suitably formulated
lubricant, wth ca.efully selected base oils and additives

to improve efficiency.

Frictional losses can occur under al three lubrcation
regimes: hydrodynarnic, e asto hydrodynamic (EHL) and

most significantly boundary lubrication, where metal

suriaces are ln contact. See Figure 3.
Hydrodynamic lubrication exsts in systems where

the contact occurs over a reatvely arge area and

the pressure in the contact region is not too high. A

s gnificait part ofthe energy losses in the hydrodynamic

scheme are re ated to the viscosity of the o I under

operating conditions. Components operating under this
reglme are found in a arge number of industral and

automotive applications and most often lnc ude journal

and thrust bearings.
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Elastohydrodynamic ubrication is associated with

components where the load is supported over a small
area. ln this system, the load is so high thatthe surface
of the mating components e astlca ly deforms to form
a sma I contact patch. The lubrlcant fim is drawn into

this area and separates the surfaces. Under these high
pressure conditions, the oll is sheared, with the extent

of shear loss determlned by how the oil behave under

high pressure conditons, greaterthar 1Gpa. Examples

incllde all types of rolllng eiement bearings, such as

those found in engines and gears.

Boundary lubrlcation occurs as the bodies come into

closer contact at thelr asperitiesi ihe heat deve oped by

the ocal pressures causes a conditon which is called
stick-s ip and some asperities break off. At the elevated

temperature and pressure condit ons chemica ly reactve
constituents oi the lubricant, commonly referred to
as anti-wear additives and friction modifiers. form a

chemlca fim on the surface and prevent direct metal

to'meta contact. This phenomena may occur in all
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FiSue 3.: HydddyraEic Lubnca!6
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FiguE 3ci Mircd and A@ndary Lubnc&n

components found n engnes and gears and s the most
common oi the lub. cal on reg mes exper enced l4l.

LUBRICANT BENCH AND RIG TESTING
Synlrel c lubr cants may be used to improve energy eff c ency,

however not a syntlrel c lubricanls prov de the same benef ts5.
ln contro ed testing, three synthet c o s were lested and the
results showed that Polyalphaolefin (PAO. AP G/oup lV) on y

based gear oil were superor with showed an average of 6%

efficiency over an AP Group lll / PIB based gear oil.6 F!rtlrer
testing found PIB contarning gear o s showed srgnrficEnt shear
loss versus PAo on y based gear orr. wrth corespond ng hlgher

wear rates which would resuli n sho(er equipment lile,
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FiEUE 3b: Elastohvdrcdynamic lub calion (EHL)
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Figurc 5: EHL lhemal

FiguE 6: EHL hemal

Experiments to measure fifished
lubricant-related energy eificency
benefits are nherently chalienglng-
A [4ini Traction [4achine ([4TM) was

used to measure the tract on forces
transmitted across a lubricant film
under varyi.g amounts of sliding while
controlling load, speed and temperature.
The actual traction coeff cient
measurement over a range oi s ide to
ro ratios shows that synthetics have

much lower traci on coeffi. eni than

typical mineral oil based products, See

Figure 4. This leads to more energy
efficient operatlon, reduced heat
generated, and lower overa I system
oPerating temperatu.es.

Testing was a so carried out us ng

a conventional EHL ball on disc rg
equipped wth temperature mapplng

using infrared imaglng. [7] This
ptovides a map of ubricated coftact
under highly loaded EHL condltions
w th varying amounts of sllding, while
controlling oad, speed and inlet
ternperature. The data generated

showed variaton in temperature as
the disk surface is heated due to
shearing of the fluid in the contact
zone (Figure 5). The temperature rise
ls a functlon oi the heat generatiof per

unit area, which is the procluct oi the
iluid shear stress under the contact
condit ons and s iding speed.
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For a given sliding speed, fluids
with lower shear stress will provide

lower temperature rise across the EHL

contact. Advanced synthetic lubricants

were evaluated against conventional
mine16l oil based lubes and found to
reduced the temperature in the contact

zone by >4'c, leadlng to lower overall

systern operating temperatures.
The next phase of testing was done

in a highly instrumented worm gear box

soecifically developed by ExxonI/lobil

to evaluate lubricant efficiencies.
Worm gears were chosen because the

wofm forms elllptical contact against

the wheel, where sliding motion
predominants, creating a relatively
ineff icient energy transfer environment
(70 - 80%) compared to other types oi

eearing.
A Nlodular Small Worm Gear (N4SWG)

test rig was used in this part of the

testirg. ,t employs two torque meters

to measure torque into and out of the
gearbox. The output torque is divided

by input torque to provide the percent

efficiency. Torque, rather than cullent,
is measured in this test as current/
voltage measurements have much

higher associated error.

Figure 7 shows the efficiency of

advanced synthetic technologY
(reference oil) and a mineral oil based
gear oil. Efficiency is determined fiom
data from the latter palt of the test
run, aiter the gearbox reaches thermal

equilibrium. The gearbo)( is run at full
speed (1800 rpm input), 100% oi rated

load at 20l1 reduction ratio. Each gear

box ls separately calibrated and run-in,

and tests are bracketed by reference oil

runs to take lfto account any consistent
drift in the data.

The reproducibility of this test
has been determined to be +0.25%
(absolute). The results from this highly

controlled testing lndicate an energy

efficiency improvement of 3% when

comparing these two lubricants-
Thermo-graphic images (Figure

8), taken from the lvlswc show that
advanced synthetics run approximately

15'C (27"F) cooler than typical mineral

oil based industrial gear oils. Lower

operatlng temperatures lead to

52 gearso ul ons com

increased equipment life, improved

efflciency and reduced maintenance

LUBRICANT FIELD
TESTING
Field testing of advanced synthetic
technology was carried out ln a Falk

doub e reduction gear box driven by an

1150 HP induction motor at 6 taconite
mine in lVinnesota. The gear box is
coupled io a primary ore conveyor that
is approximately one-quarter mile ln

length. lt is supported bY a series

of guide rollers and standards, with

the rollers postioned in a concave

arrangement that cups the conveyor to

channel the taconite ore to the center

of the conveyor as it being transported.

The Falk gearbox is a double reduction
parallel shaft speed reducer with a ratio

of 39.4:1, driven by a 4160 VAC, four
pole, 3 phase 1150 HP GE induction

motor. The motor is directly coupled to

the high speed input shaft of the gear

box providing 1792 RPtU that is reduced

to 45 RPN4 at the gear box output shaft.
The maximum calculated torque output
fiom the gear box at s 137,189 ft_lbs.

The efflciency study was unde(aken
using an A-B-A-B comparison
methodo ogy. The conventional gearoil
represefting the'a' series studies and

the advanced synthetic representing
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FrsuE 9: P mary orc conveyor and sEaftox.

the 'B' series. The premise was to

determine li one gear oi type was more

efficient, requirlng less motor input power

to generate comparable torque as a

function of loss reduction n the gear

box. During the study. power inp'rt to the

motor was compared relative to the torque

required to transfer the taconite ore over

various time periods. Load curves were

created for each period as function of

input power to the rnotor versus output

torque produced by the gearlrox.

To obtain rneasurements. a Fluke 1760

three phase power analyzer was used

to monitor input power to the motor.

lnput power was captured at the maln

tuCC feeding the motor, where true three

plrase power read ngs were continuousy
recorded a ong w th motor RPlvl at

2OOmsec intervals. The power recordings

were tirne synchronized with the torque

va ues taken on the output shaft of the
gear box. The readings were captured

using a strain gage mounted t0 gear box

output shaft. see Flgure 10.

As the conveyor belt tra.sports batches

oi ore, the power consumption cycles up

and down. Amidstthese cyc es, 10 per ods

of steady state operat on were ldentified.

These steady state periods were tlre basis

of the eff ciency ca culat ons, and these
periods were considered as independent

samples to ca culate confidence intervals

on tire estimates of mean efficlency-

lncluding both high and low oad condit ons,

using 95% confidence intervals, the

advanced synthetic ubricant was found to

be 3.6% (+/. 1.3%) more efficient than the

.onventona mlneral oil based product as

shown below (Figure 11). [8]
Based on measured watt usage and

assuming continuous operation, us ng the

advanced synthetic ube can save from

$8.700 to $17,400 oer vear uslng a range

of $0-05 to $0.10 per kilowatt hour.

CONCLUSION
Based on the results presented, advanced

synthetic products have ihe potentia to

signiflcantly reduce energy consumption n
gearboxes, demonstraung energy savings

FiguE l0: Toque Hdings crptuEd by a sbain 8age.
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of up to 3,6 percent versus conventiona mineral based gear

oils.
Ourteslgear box he d 3309a lons and the costto upgradethe

gear oil from mlneral to advanced synthetic was approxlmately

$6,600. Based on the test results, ihe lncreased o I expense

would be recovered after 5 - 9 mofths oi operation and any

addtitonal runtime achleved on a sing e charge of oil, would be

energy savings realized by the user.

ln sustainability terms, the choice of proper advanced

synthetc lubricant clearly eads to increased return on capita
investment and provides economic growth. Remember, energy

usage s predicted to grow substantially over the next 30 years.

Using an energy efficient lubricant is one way to help meet this
denand. fl
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