Performance of top-of-rail friction moditiers, a
relatively new technology, can exceed traditional

lubricanon methods,

By Donald T. Eadie and Joe Kalousek, for Railway Age
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techinoloames lke TOW neton modidiens bave gvalved

Enginecred TOR Mction moditiers, whicl have enmerged from

the conceptual stage and movesd o the developmental-seage
over the past two vears, hove been shown to provide several beswe
lits that traditional,
sistently reduce energy consamption, laterl (curving | torces, s
wheel /il wear, which in tum can lead 1o savings in fuel eosts;
rack maintenanee costs |(celated o gavge widening i and
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ation, crack mimanon and growth, olling con
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\s wath any new technalogy, there are questions abour the
pature of TOR: triction modificrs: What do T|‘|i.'j.' do! How do
they wark? How do they compare with tradisional lubricanes?
While the application procedures and delivery systems for TOR
lubricants and friction medificrs are similir—and similarly crin-
cal to the viahility of the pverall system—rhe performance char-
acreristics of the two marerials are fundamentally different.

Lubricants vs. friction modifiers
In the simplest terms, lebricants, which include oils, gredses,

andt synrheric polymers, rednce friction levels bur eannet conoro
theny Froction moditiers, which are composed of cogineered,
dry compaosite solids suspended in-a warer-soluble misture; are
zhle ro reduce, control,and mainmain frietion ar an eprimal
level, Thes distinetion 15 significant, siven that i order 1o
enthance vehicle pedformance withont negatvely impacting orac
tion-and brakmg performance, opamal TOR fricoion: bevels must
bz

lecomuotmves) and g the fastaxle on the o,

mamianed ar the point of apphication | typreallv, belund the

Tovdemomstrate thar ditfening fnctioal charactersnes, tests
of pwo TOR matenals—a senthene, water-hased polymeric
absoacant | Figare 1ope 2) and o water-based, High Posove Foc
ton (HPF nenon modifier (Fuzare 20 9 2 —were conducted
by Belsan Technologies, Inc., and the Mavonal Research Coun
al of Canada. A thin film ef cach was hand applied TOR and
llowed 10 x‘.l':. for at lease 13 pvinutes before friction levels were
mezsuced with a push tribometer, (The measured frction level
is dependent primanly on the marerial applied, but alse, to 2
lesser degree, on the diy rail characteristics, and on the twpes
and quanrities of iron oxides, in partoalar )

The polymeric lubricant exhibited typical lubricant behay
ior—an immediare reducton in the “de™ TOR cocfficient of
triction (COF] from 045 o (014 The HPF mction modifier
showed a reduction from (45 1o an intermediare level of (.30
['he: fricsion levels associated with each material were maln
cined over a wide rapge of film thicknesses, cormesponding to
different application rates.

What do the differng Hicoonal atteibutes of these two mate
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Above: Kelsan Technolonies' Keltrack liquid HPF friction modifier is applied asa fine, atomized spray that
dries guickly, leaving a thin, dry film that controls friction at the top of rail.

HELSAMN TECHNGLOGIES, INC



Figure 1: Lubricant

s &

b

:

Caelficient af Idcthsn

&
o

=

&

T T I T T
: 1y B % 1 % &
Flire Hlekngss, mierian

Figure 2: Friction modifier
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rials mean with regaed to train performvance and wlheel /rail
interacnond The answer les 1n examination of the performance
characrensnes of the materials in tvpical an-board application
apprizaches on trewehe ralroads,

Lubricant-based TOR systems

I o lecomotive -moumted, onboard: PO lubncagon svsiem, a
stecam of labreant s applicd TOR behind the mrailing axle of
the: teailing locomotive. The placement s crucial 1o enhancing
the: performance of the cars within the truon withour atfecring
locomotive adhesion, The graph {lacme page, top) tustrares
the trictional changes that ecur throwsh the astes of sequential
trenght conssses, With application of 2 Jubmeant, friction levels
will vary as subsequent wheels pass over the materiad, but steads-
Iy increase thronghout the length of the train g evaporation or
axidation cecurs. This non-eontrolled focnon level can bave
porenrial conseguences, sach thart:

B Wheels within the first part of the train may experence a
lenyer than oprimum COF, potenmally leading to braking prab-
lems ar skad Hats o these cars,

B Wheels within the later part af the train may experience a
higher than oprimuem COE. leading ro higher lateral [oads.

B Lateral loads will vary over the lengrh of the train, starming
fone and dnereasing as the lubncant s remnoved.

An additonal conseguence of TOR lubrication is thar in
order to ensure adequate adbesion for the locomites of subse:
quent trans; all of the Jubricane must be evaporated or bumed
ol by wheelrall interaction so that focton levels return to 0,35
or greater by the list wheel of the train, This requires a sophisa-
cated venttral svseom that & capuble of adjusting. the appheaiton
rate 1o accommadite varving conditions. [t further requines a
cortral system that is capable of ensuring that enough hubrcant
is apphicd to the rail to accommodate the kst wheel on the tram,
bBut net soomuch that the lubricant remains on the radl atter the
last wheel has passed—a condition that could result in oo low g
friction level tor the next i, Given the wide range of pperat-
g varlables thar may influence the rate of Tubiricant ramoval,
this represents a significant control challenge,

Friction-modifier-based TOR systems
Unlike lubricants, meton mead fiers are able i redoce the COF

of dey rafl wed maimtain the desired jnrermicdiare leviel of fcton
over o givert number of trains or whieel passes. Frigtion madi
fiers formulated for freight applications contain no oils, greases,
or other hgud lubncant components: Thev are compased at
engineered compestie solids thar are mized with water and
depesited on top of the rail m hgutd form. When the warer
gvaporates, the remaning the dey flm maintams an optinsal
intermediare fevel of |riction

Aowarer-based, HPE lquad fricoon modifier i applied TOR
behind rhe last driving wheel of the wailing locomonve. The
water-sotuble marerial s applied as 0 Goe. atomized spray to
ensure rapid drving and production of a thin, wutoem film, The
water i the marerial is quickly evaporated under the acton of
the first tow wheels, and the dry 0,45 COF s reduced to aboot
(35— level that s mainmaned throughoor the lengh of the
trapt Since thisnrermediate level of rction can be mainainesd,
the matertal need not be dissspated or removed by the lase
wheehon the train, Io fuer; the residual HPE |oft on thevail can
actully beneht o subseguent tran by reducing lateral forees and
energy comsumption—eyen f the subsequent tran bas no foe
tion modilier delivery svstem of s own on board. With ne need
oy remone residual material from the rail, compensation for the
range of sach aperating and-environmental conditions as speed,
CUMVATINS, COCCPEe, Temperature, ere, wmuch less oritacal. Asa
resulr, the triction modifier’s application control system is great
Iy simplificd. The charr below illnstrates this frctonal behavior

Options for TOR application systems
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Friction characteristics of a lubricant
and friction modifier under traffic.
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Tesring under controlled condinens has shown an HPE film
delivered from an onbivard locomotve svsoem o beeffective Tor
up 1o theee [00-car temns, or 1,200 axle passes: betore the
meaterial loses s etfecnveness. The implication here is that fewer
[ecemetives sir 4 given svstermt may need o be outfitted with
griboard friction medilier svstems: ta achiove the full benchis:
Furthermaore, aleratve methods may be used o apply a- frics
tion nyodilier 1o the sl inadvance of lecomaorives:

hpplication options
Since the Jow ficten levels associsted witleeomventional luba
caties can pacentially compromise traction. TOR ubricarion
deliviery svstems are generaltly limited o anboard units monnsed
ti thie tranling locomonve: As shown m the accompanying rable,
feton modifiers offer greater Hexbilisy, Unlike lubricants, they
cari be applicd to the ratl m advance o a fraght rain, provided
that ey water has |:'|'.':]'.|{Lr,t't|:d a3 thin, dry film has been
ohrained. A hi-ral velcle—an approach thar provides grearer
flevthilitv—=alse can spoly theomy dnd ar o lower installed cost.
The dewnside of hi-rail apphenion is thar limired rack time
may put greater demand on the rerentiviey of the friction modi-
fier to maintain the benefits berween applications: In some
cases. TOR fmcuon modifiers can alse be applied by waysde
apphicarors. A wayside TOR approach 15 carrently bemg utilized
to cotrol wheel /railsqueal ar several North Amencan and
Japanese rransit syswems. Forexample, the Pore Anthonty of
Albegheny County 1 Przsburgh has reported sigmbicant success
with this approach on s light rail svsgem,

|'hiere arc other operating and track-related benetits assogir
ed with the wse of TOR cdon modifiens: aswell On the oper
ating side. TOR tnction modifiers have been shown under test
condmons to redyce tue] comsumpnon by L3% 10 28%. Un the
track swde, they have been shown to reduce lateral forges in

curves—orces that are derermuned, in Yarge parr, by the COE
on the top of the low rail,

Tests were conducted on the high-ronpage leop ar rhe
Lramsporsaten Technology Center, Inc., to derermine a friction
mendifier’s impacy on laweral forces: Those generated by the lead-
pgcaxles on gl high il of 2 sivdegree curve with a dry top
surface and lubricated gavge face are much higher than those of
a foemon modifier under the same eondinions. These lower lat-
eral torces can be ranglated Into reductions 0 gauge-widening
forces and ral wear

The eseof TOR frenon moditiers also can mingate wheel
and pail sorface damaee coused by rolling contace fatigne, While
lubricants and tfncton modifiers behave similarly in their ability
to ithibir crack mitiation asseciated with rolling conract facigue
(the porential for which s lowest when the COF is (1.3 or less),
triction modifiers provide the added abifity 1o minimize. erack
wrowth. Onee mtiaeed, cracks propagate (unless removed by
ernding or wear), Lubncants; being lquid, tend to pressurize
these cracks, causing them to propagate — even.at fnction levels
of (13 or less — while fiction modifiers, consisting of sulids, do
ot As aoresult, fction modifiers help o minimize cock propa
sation and, thereby, contred fangee-inivared wheel shelling, rail
gauge-corner cracking, and relared surbace damage.

Overall, fhetion modifiers have been shown 1o provide all of
the henefits of labrication | reduetitns in fuel comsumprion and
lateral loads) without the derdmental eftects (skid flars and
stalled traing) cansed by a loss of traction, By providing an engj-
neered sohition to an armay of persistent fFiction-related prob-
lems, TOR friction modifer technology stands o improve the
state-of the-art of fction oanagement on feeight mibva,
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