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SPECIFTCATIONS
Contimuous Reading, Fixed Slip Test Trailer.

1.

11

1.2

13

21

2.2

Shall be equipped with either a force transducer io provide direct measurement of the
traking foree, or a torque transducer o measure the torgue on the test wheel or both.
A load force transducer shall be ncluded if the average load force cannot be shown fo
be within 1 % of the static whsel load over the reporting length,

Braking force transducer, if included, shall measure the force with minimal inertial
effects. The effeets of cross-axle loading shall be less than 1 % of the applied load
and shall expesience less than I degree angular rolatos with respect io its
longitudinal meastring plane at the expected maximum loading, It is preferable that
the owiput is directly proportional to force with hysteresis less than 1 % of the applied
Toad up to the maximum applied load.

Torgue transducer, if included, shall provide cutput directly proportional to torque
with hysteresis Jess than 1 % of the applied load and nonlinearity up to the maximuwm
applied load of less than 1 % of the applied load, Torque meesurernenis includs all
wheel/tire effects. These effects shall be compensated for at all test speeds.

1F 2 load foree transdueer is included, it will miest the requizements of section 1.1, If
_not included, the load force will be assumed congtant and the dynarnic wheel load
st be shown to be within £ 2 % of the actual dynamic wheel load.

Shall include 2 mechanism or mechanisms to measure the test speed and distance
traveled.

Distance shall be measured with a resolution of 0.1 % and an accwacy of £ 0.5 % and
shall be continnously recorded.

Speed shall be measured with 2 resolution of 1 mph and an accuracy of = 0.5 mph.
These measurements should be continuously recorded.

Shall include a method for measuring the rate of water flow and preferably recording
the flow rate continuously.

All pecessary water tanks, prmps and conections needed to supply water to the
trailer will b included.

The water flow rate shall be regulated within + 10 %, and the discharge shall be
protected from effects of side winds.

The test tire shall mest the requirements of ASTM E 1344

A computer system with appropriate software and nevessary connections will be
included to allow the operator to view data as It is captared and' allow fisture
processing of information. Windows XP or Vista will be required as the operating
Systeni.
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Measuring the Skid Resistance of Pavements and Other
Trafficked Surfaces Using a Confinuous Reading, Fixed-Slip

Technique'

Thit stimddard i teed under the dxvd desionadon B34k the aumber immediarely following the desimation indicans e veur off
iginal ndopiton on. i the tai of revinion. die year af Tast revision, A ndmbiz 2 pgenibeses Indivaies the year of losy Tepyeinval, A
sapuigeint epsilon fe) Indiouter an sl dangs sinos the lest reviion o reappravol,

1. Scope

1.1 This test method covers the measurement of the skid
registance of & pavement or ofber wafficked surface psing the
continuous reading, fized-ip fechnigue.

1.2 This test method covers braksd wheel measurewents
oblained with leas than 100 % slip. It does not cover side force
Inpasulements.

4.3 This test method provides » reeovd of the skid resistance
a.lqng the whale length of one trark of the tese purfaee and
eniables vernges to be obizined fior specified test segmenis.

1.4 This rest methed iz gsed 1o measare skid resfstance on a
wide variety of surfaces in a wide variety of elcumstanees.
Consequently, thers are meny difleent designs of contingeus
tending, fixed-alip measuring equipraent {CFME) and & many
wﬂ'ilﬁifhﬁib l?.a'fﬁﬂ?a&'iaz?%:mﬂéﬁzﬁ Lo -1 P TR
different equipments and procedurss bot does set out the
essential eotmon principles.

1.6 CPREs functor by creatine wel measwing a fiictonal
fores batwaen 2 lest tirs operating at 2 selected slip and fhe wat
surface, THifereal typey of CFME do not necesearily create the
same fricfional fores between thedr partioulsr test tire and 2
caominon oyl surfacs and do ool necessarily wse the sams
method to mizasuse this [rictional force.

1.7 CFME meaturements are obizined af & selecied stencky
test speed. This speed may vary aesording fo the application.

1.8 The togt surfece may be contamivated or clean and dry.
I it 35 tlean and dry, @ measured amount of water is nocmally
deposited on the surface just in front of the test wheel,

1.9 The messuring apparalns may be bailt iwo a vehicle,
built mmo 2 tratler st is towed by a vehicle. or unlt into 2
deviee thet iz manually pushed.

1.10 The valuer sizted In ST unity ase to be regarded as lhe
standard. The valuss given i parentheses are for information
only.

A This fest mcthad s ander 2 judedictian of ASTHM Ceemilles E17 on Vehick:
= Pavoment Systerms aed i the diveer responsibility of Subtamimines E17.21 on
Fisld ¥athads for Messuring Ties Paveanant Fricdon.

Cuner sdition mpproved Des, 1. 20306, PFubfshed Dacember 208,

1.1} This stencard may ievolve fozardous metarials, operas
tions, und equipmens. Thix siondard docs not purport fo
address ol gf e safery concerns, If any, oysosiated with i3
wre [t iz mhe yesponsibliiity of the wser of dhs stonderd to
extalilish nppropriate sufere and health practiees and deter-
inine the applicability of regulatory limdiations prior to uge.
Safery precantionary mformation i5 contained in Sectien 7.

2. Referenced Docunents

2.1 ASTM Staudards: *

5 172 Practice for Dealing Wﬂh Ou:lvmg Chservations

T A Specificaion Tor Rib Tire for Pavoment 3kid-
Resistance Tesls

E 334 Specification for Smooth Tire for Pavement Skid-
Wadictanre Tt

PO FA S ea = Vs TRaTaddugy b BRI

3 153] Specification for Special Pumnse, Smmth—Tr&ad
Tire, Operated on Fixed Broking Stip Contimuous Friction
Measoring Bouipment

E {844 Specificalion For A Sizc 10 X 4-5 Smeeb-Tread
Friction Test Tire

4t Test Method Tor Tires for Wel Tractjon in Straight-

Ahead Broking, Using o Towed Trailer

¥ 457 Tost Method for Speet and Distance Calibrmtion of
Filth Wheel Equipped Wil Either Analog or Digiwl
Instrumenlation

3. Terminology

1.1 For defimitions of terms used in this test methoed, rafer o
Terininology & RET,

32 Defimitions:

323 bradivg force. n—dynarsic Instanlaneous Iriclional
force aeting on 1be fest wheel.

3.2.2 braking farce coefficient [BFC), n—approprintely [l
terad mgan of 3 pumber of instantaneous ficdon reatings over
o defined distance,

* Pop pafmenced ASTOM smdanils, visit to ASTM webalie, wwwiadm.ong- of
sontiet ASTH Cusomer Servies # servieedarim.arg. For Anuind Book of ASTM
Stemoturds votuma InfoemaBan. refer %o 1he stmdind™s DixuIment SImmary pags an
the ASTM varbaite

" Copyight & ASTH Inismalional, 103 Bar Hocbor Driv, PO Boa G700, Wash Songrhuckan, BA 18420-2050, Wiad Slalss.
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323 braMng slip fricrion, n—tangential force penerated
betwoen the test tire md e test surface.

3.2.4 Braking slip retie, n—uatio of relative braking slip
circurferential speed to identical unbraked wheel circumfar
endal speed, usuelly defined a8 a percepL

3241 Diseussion—An equivelent definition iz the ratio of
the relative braking skip velocity to the borizontal velocity of
the whee! axle.

35 centimois reading, jfixed sifpnensuring equipment
{ CFME), n—apparates that can be moved over the feet surfape
&1 the chosan test spead and includes a test wheel, a system for
braking the test wheel, and instrumentation for measuring the
resulting frictional force between the (oot tivs and test surface.

32,8 flard sl n~=hraking sysiem ihal forces e sl whiat
to voll at 2 constent slip or fxed reduction of iz free rolling
spaed. . - )

3.2.7 frictional force, r—rasistanes generated when oune
sucface moves relatlve to anether with which it is ig contact,

3.2.8 Instanraneous frlotion icading, a~—brhing forge Oi-
vided by load & equivalently divided by torque on the tesi
wheel (generated by braking force) divided by louad times tre
vadivs (moment arm),

XIP fiwecl staewg, Fe-- GRS TR UARTIALL Fiess

deting on the tagt wheel,

3210 npming werer film Hickness, n—hicksess of the
film ¢hat the warer application system is designed to create
abead of the test tire on oo entiraly smooth test surface.

B.211 rete af waderflene, 1 Tate at whish wetsr fa opplicd
1 the ot saufuce i Sustn of (e e 3,

3.2.02 meperting length, n—defined length over whith the
BFC iz caleularsd,
1213 standard nominel water filin thickness, r—aominal

water filin \hickness associzted with CFME measwements of 2
poITianine type of teab applieation sa Facsiilinge comipariceons

belween the yesvits of different meats.
3214 agrdiend seat spusd, —aioaly wsE specd sseusdatod

with CPME messurements of 2 particular typa of lest appfisa-
tivn w faciliiste wornpa isoe: belweon tlis 1osulls o JiTeisut

tasis.

32,15 fest speed, n—spieady tesr speed agsosisted with
CFME mesaremenis.

L2186 water applicarion sysiem, n—ayswi for depasiting 2
given amount of walér fn front of the test tive so that it passes
between the iire contact aven and the test surface.

3.3 Definitians of Terms Specific 1o This Standard:

331 cenifping ealibration, n—verificalion of test equip-
ment. calihratian aqnipanent fospoimts ar inhailts ralikraban
procedurss, and equipment operstiom Tecommended to be
coprfed out gnce @ year; fhe procedure racords both as found
values and adjusted values,

%324 Pk oalibnation, = primary force palibrotion or the
equivalens carried oot befors each test or seckes of ot by &
trained operator using calibration eguipmest upplied by the
marufaciurer; this equipment may be bujlt into the CFME.

3.2.3 friction mip. r—presentation of fricion readings
ohtainerl down the length of a test surfaca (typically an aitport
nmway) over 3 series of selested paths dowm the surface.

TR N R LI Y R

o S ALYITg BT wtrest Poorms 0 MG

-lb-m-#l-'-uﬂﬂu
Wl for Reeche, D1Z23%2008 053008 MET

334 operotionul friction tegting, n—meastrement of the
fricdo of a surface In response to an vperardona] peed and in
whatzver condilions exist at the time of the test, which may
include contamimdon by ice, snow, slush, or water; thase teats
do not include the applivation of water,

3.3.5 rumtine friction testing, r—meastrement of the Kic-
tion of a surface under mandaydized test conditions that
normaally includes a standard tost speed and a rate of waier Mow
which givas a slandard nominal water lm thickness.

3.3.6 7eq! ire, n—etandard tire for pavement [riction testing:
test tiras for reatina friction festing shall have 2 smooth eend.

&4 Summary of Test Method

4.1 Tha tevt gyetermn in moved pyver the lest surface at the
chasan st spead with the eet whes), Rt with o e tire, s8d
foreed o roll at u particular braking slip ratio,

4.2 ¥ vontine friction sesting is whking place, the rae of
water flow iz adjusled io the feat speed so thal the chosen
nolninal water flm by xchisved,

4.3 The breking force or torque is measored {see Terminol-
ogy E ¥67) and the load is measured, tuleulated, or ausumed
be the same as the dead weight Tood,

44 The ingtantancons friction readine i= caloulated.
Tl AlKlaa Shse 0 IOMAAMRCHD el 1oaling 15 e Ao

the BYC feor each filetion kength it calculazed and reconded.
4.6 Test speed txee Test Method F437), e of waier flow,
and other eseential supporting data are scearded.

& Rigmificanes aod Usa

3.1 CUMIES are URea 19 MOAsuIe Skid TURIANCE Of TURWAYS,
rozdy. and vamivus other rafficked surfases, These fssis may
comprise operational testing, parformed o obtuln ap immedi-
aie sssessment of skif resiskince in cument conditions or
rouline lesling in standardized conditicns which include the
anplication of 2 precize mmoomt of walee in front of the teak G,

5.2 Standard iesl speede and nominal water Blm thicknesses
#re acrnrding foopatinnal o tlesatansl agency sandaedrn, Ge
type of CHME, and the st application. Some exumples of

TYMARL APpLeAGSHS 4Ard povan i Appuicdye B,

6, Apparata

6.1 Bavic Measurements,

6.1.] The lest apparatus shaf] be squippad with a force
tramstucer lo provide a direct snsasuremuni of the hraking fores
or a lorgue [ransducer to menstae the forgus an the test whael
generated by this force ot hok,

6.3.2 The desien of the test spparatis shall ensore that

unless the average load force acting on the west wheel remains
rmithdy 1 R of v otabde rlive) il wve sliee lopusthug Iougls,

the apparatus shalf be equipped with a foree transduser to
meeasure the load force.

6.1.5 The test apporates shall nclude a mechapion for
s fup wese vpeed sl distnge Frveled.

6,14 Unless the esl apparatus is to be uzed solely for
operational testing, it shall mclude a mechanizn for meaguring
rate of waer fow.

0.2 Iplerance for Adverse Condifions:

6.2.1 The exposed portions of the system shal nlerare
100 % reladve bumidizy (RH} (rain or spray) znd all other
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adverse conditions, such a5 de-icing chesmicals, dust, shock.
and vibrations that may be encountered in the typs of msting
far whieh the squiprment I8 designed, The suspensign sysem
<hall minimize the infleence of aormal pavement roughness od
tha serurucy wial (bisliiy of the dofn cofleadon.

6.3 Accuracy Resolmtion, and Siebility of Mensuring Sys-
tem:

6.3.] AL outside smbient air temperalures between —40 #od
43°C (—40 and 110°F), overal static sysiem medsurement
weausany chall be =1 § & nf full ssale,

6.3.2 Ceriifytag calibration or other tme stability celtbra-
tion shall net he required more than ance a year nnless the
measutag systemn mstains damage requiting sigmificant repain

£33 TF there ig a force transducer that provides a divect
menswrernent of the braking foree, it shall do so with miniroal
inestial effects. Tt is recommended that thig wansducer provides
output directly proportional 1o force with hysieresis Tess than
1 % of the applied load up to the maximm: expected loeding.
The mountine of the hraking force-measuring trmsdueer shalt
he sueh that the efiets of ereas-axle loading or torgue londing
sholl be less than 1 % of the applied load. The braking force
transdacer shall be mownted in such 2 manner 25 1o crpedence
Jess than 1° angular rotation with feapsct 1o its Tongitudinal
mepsuring plane ar the maximun sxpacted loading.

5,34 Ifthere ig a torgues iransducer that messures the torque
on the test wheel geperated by the braking force, (his shafl
provide outpor directly propertional to torque with bysteresis
lass than } % of the applied load and noslinearity up to the
mazimtiin expected loading ks (ban 1 % of the applied load,
The sensitivity 1o any erors-axis Inading shall bs Jess than | %
of the applied load. Torgue transdacer measwements inghade
solling tirefovhee] inertial effects, which shall be compsnsated
For ot ol) iest speeds,

535 If the Joad fores I3 mgosured, the accmmey of the
mensarement shall conform w the requirements g2t out in
§.3.2, If the Tead foree is assumed constant, it shall be possible
16 show that the assumed dymarsic wheel load is within £2 %
af the actusl dynamic wheel load,

6.3.6 Distance shell be measpred with 4 resolution of 0.1 %
and an aceuracy of =0.5 % and shall be continuously recorded.

6.3.7 Speed shall be measured with 2 vesolution of 2 kmh {1
wph) and an accuracy of =1 kmh (£0.5 mph. It s recom-
smended tha these measucements be continuously recorded,

&2 Braking Siip: )

6.4.1 The 15t apparatus shall ke such weat the chosen fixsd
braking slip can be maintained within £3 % of full scae
throughout the length of the st sucface at the chogen test
speed (for example, If the chasen fixed breking slip is 15%, 2
braking slip between 12 and 13 % shall be maintajned).

6.5 Test Spead—With the test tire operating at the chosen
fixed braking slip, the test apparsius shall be capable of
maintaining Fhe chosen test specd within +3 % for the durarion
of the survey.

6.6 Fesr Tire—The test tire shall conform to the applicable
ADTM, IS0, or RSY epesification or aguivalent. Applicable
ASTM siandards fnclude Specifications £ 301, E524, B 1331
apd 1344,

6.7 Wher Applicazion System.

6.7.] ‘Water sholl be applied to the test surface just shead of
the tost tire S0 a5 10 provide the chosen nominal waier
thickness aeross the Full width of the test e at any (¢st speed.

6.7.2 The water application system shail be protected fror

the effarts of 2ide winds. either by nse of a Bexiblie nozxle very
closs to the tesi stwface or by shielding tie nozzic In suwe way

or by using 2 jet of water with horizonmt speed gqush and
uppesits 1o the wat apeod wnd applied slightiy wida than e
width of the test lirs Read.

8.7.3 Water usod for testing shall be reasounbly clean and
hnis fo cHemdals such a8 werdtys aycos W doargias eddod
anicd <hall ot be above 30°C (36°F).

§.7.4 The nowming) water il Chickness shall be m accor
danca with the manufactueer’s handhook and the test applica-
tion.

§4.5 Rate of water Aow shall be continuonsly measured and
it is racommendad thal it be continuously recorded,

6.7.6 Regulation of rate of water flow shall b within
=10 %.

6.8 Sigaat Corditianing and Raeording Spstame

6.8.) All signal-condidoning and recording equipmenr shall
provide Tiazar outpat and allow dasa reading resclution 10 meet
the requirernents of &.3, All systeans excepe the smovthing filter

. dzseribed in 6.83 shall provide a mivimura bandwidth of at
Jeass § to 20 Hz {fia within £ %)

482 Messurements shal) be rcorded in phiase and ol foree
signals shall be referenced to a comman time bas ard be
passed through the same filter.

653 A low-pass electronic fikter, typically between 4.8
Ha/-3db4 pole and a 10 HzA3div% pole, shall be installed
the sigml-condiioning cirouit

6.8 The static sional-io-noise ratio shall be at least 100 to
1 at foll scale on all recording channels.,

7. Hazards

7.1 The tost apparatus shafl comply with a1l applicable laws
aud regwlations, aud all necessary precautions shall be teken to
ensura marimer safely of operating personnel andl other
traffic, Mo test that {avolvas surface wetiing shall be made
when the pavemeot lemperatire (s befow 2°C (35°F) and there
is 2 consequent dunger thal water may fresze o the pavement.

8. Proparation of Apparatus

£.1 Meld colibration is camvied out accowding to the manu-
fackuret’s handhook, ‘ .

8.2 Test speed and rate of water Bow is chosen according to
e test site and the manufacturer’s handbook,

23 Pacticular agettion shall be paid 1o the condition of the
best tie

£.3.1 A new legt tire shatl not be ueed oniil it bas Deen
conditioned by rannig ai fixed shp at the normal tips inflation
pressure t whisin 2 smocth, usiform zubber tread surface free
of any curing azents. For fires nat conditioned snd tested by the
supplier, conditioning may iypieally he conied oot by e
operator rupeing the tire dry for about 30 m (100 ) followed
by ahows 300 m (1000 ) on a wet sorface. The operator shall
be aware tha these lengths 2re typleal and, on an aggrassive
surlfacs, the tive shall not be run dry for as wwch ax 30 m apd,
on 2 smooth sorface, fonger comditioniog will be requited.
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11.1.7 Incowect test tire infinstian pragere:
1148 Inuppsrwmrings ua-nr"mn [ L ben R
Butldip al windan Brane :u-nqnmm TS fmr:)- anst

[1.1.9 Anonnpious test valucs.
12, Test Data

LR U e XU s e
Boaks. withoul suppoi'ung data- Th.h ﬁ:zpp:rmngdala may ba-mnus_l[y

8.3.4 For 2l test fires, the approprize tire standards (se
Specificaions 1 561, E524, B 1551 and B 184 provide
storaga limitations and guidaace. IF these reguirements have
pot heen observed, the dre shall not be nzed.

- 835 Jost hefore each series of tests, the wst tire shall be
brpnghi o operational readiness by rupning the tesl apparalos
in test made and test conditions assording to the manufacie-
er's handbook. The test tive inflation pressurs shall thea be set
w0 the required valug.

9, Calfbration

9.1 Fleld calibration of the foree transdecers or lorque
srsmeducers or both 38 carred oot before each sst. The
callbration signal shall be st least 50 % of ihe normal vetticad
ipad, and the cafibraiion process shall be such that the effects
of cross-anle loading ar tosque loading shall be [ess (kan E %
of the appied load,

92 Certifying eafibration is ps:Fonn;:d Orice PCT year on 4
regular basis end also after any major yepair 1o the equipment

9.3 Calibration of the distance- and speedumcasunng Sys-
{ems i5 carried o9t W meet e requirements setout in 6.3.4 and

T

10, Procedore

1ol The quus prvius v . [T R N

laersl, it ¢learly established ar the st site,

'e-N ,y P O T Y il bt L EE L RN E RPN L P

chosen test speed and rate of waier flow {in the case af routine
testing) to bg achieved before the start point.
10.3 If thars is tae possibility of a delay between completing

Ly e angaa Flrend das Brdo 7 wwandd srbens tlaapy et baady b snen D Je
abscs Lodys SOcHisn B briag thé 60T e hAok o W sl el

condition.

fongaslinal s

collected by the operator or automatically collocted and written
1o the computer file,

}2.2 Bssenitial supporting data inehudes:

12.2.] Sufficient jocational referencing for the test 1o be
repeated if required sod for ficdon dam cofictted to be
anglyzed in conjunction with other locationsily reforenced
data, Test site. laleral position {such az distance from center

Jiney of the irack tested by the CFME, and jonglindinal position
-of each Fiction length are requited:

12.2.2 CPME typs and setial numhber:

12.2.3 Test epeed, imtanded and actual {it i recommended

hat the aetoal wst speed be recorded for each friction lengih):;

12.2.4 Rate of water flow, inteaded and ecinal (it is récom-
mentded that the seiel mie of water flow be recordest for each
friction fength). If operational testing js bsing carrisd otlf, raie

. of water How will bs zewy; .

12.2.5 Swface condition prior to the mst

1226 Diate of test; and

12.2.7 Tive typa, serisl number, and infladon, pressure,

}2.3 Monessential but recommended supporing deta in-

chde:
17.%3. 1 Rirelace ermpecmure, tegt tre temperatare. and ambi-

enl temparature:
1o d WRAHIE! CURCULIQTS;
ER A Moo ol absee s Lot

1234 Operaior; and

19 1% § Tear anvfare 1vnefe).

12, Report

13.1 The test ceport shall inchyde o1 the items listed in £2.2
and it i5 reconumended that it also melede the items listed fo
14,5,

14, Precigion and Bias

14,3 frspdpiuie Thiw sare—c—araerseds  asda o ahde bes-

1L Damléy Kocte HEHEIL T Ul g1 Olvtboal Nove beivwvies o tool Geow vpaauding
AET Winew flaal e Faediy aloafl b -w--""-:‘ - m"f“r\n L L e R T I e T
areardance with Paclee 2175 Beasons for idendifying o test raner thic 'frmﬂnmd fivee fo vy and. cmm:uuendy measurs-
as fanlty inchede: ments obtained using differant types of CFME, or at different

11.1.1 Incorrect test speed;

11.1.2 Incorect sale of waler fow,

11.1.3 Iacorrect start or finish poing

11.1.4 Incorrest track (menmally defined by distases fom
the center Hoe of (he renway or road);

1L.1.5 Test tire not having been broughi o operatiooal
readinesz bafore the staw of the wst (gee 8.3.3%

11.1.6 Test fire tread agceeds woear Tivnits at end of 1esl oy

test speeds, or with different amounts of water for other
contarninagtion) will not necessarily agrea with each othar

14.2 Bigs—There are no standards or refarences with which
tha reaults of this tast can be campared.

15. Eeywords
15.] braking shp felstion; breking slip ratio: fixed slip
oparationsl friction testings rowting friction testing
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APPENDIX

Monmandniory Iwfermatisn)

X1. TEST PROCEDURES

¥1.1 CEMEs are usad ro measore skid resistance on a wide
vatiety of surfaces in & wids variety of circumstances. Conse-
quently, there are many different test procedures goveming
their we {see Teat Method F4{E).

X112 Airporis

®12.1 Operational testing is carried out 1o determine
whether a winter-contaminates purvay is snbiable for wse (see
Test Methed B 409, I usuelly consdsts of fwo soms. one o0
cither gide of the runway centerfing, the distance [rom the
ecntarline being devesmined by the width of undercartiage of
the Jaxpest aircraf) using the rmway. The slarwlard test speed is
typizally 65 kmh (40 mph).

w122 Routine wsting i eamied out o obiin data for
scheduling remedial work on the runway surface. A single mn
on sither side of the cantexline may be ragarded as sufficient or
2 set of runs covering the whole wiidth of the runwoy may bg

© preferrad. Ar 34 (10-f1) spacing. the friction map that can be

prepaced from 2 set of tuns of this kind provides useful
information on rubber buildup end surface polishiag, Stamdard
test speads are typloally €5 ar 95 kmbh (40 or 60 mplt) and
standard noninal water Slm thickness is typically 1.00 nun
(0.0 in)

X1.2.3 For all tunway festing, & is recommended that the
start point for the test shiall ba as neer the ruinway slrt a8 i5
comgistent with the need @ achieve the chosen test speed.
chose sate of water fiow, snd stable condition of the st tire,
and that the finish point for the teat shall be ae near he ronway
exdd gs is consistent with safe deeeleratlon.

X113 Roads:

X1.3.1 Operational testing, is not often carried qut on voads.

X1.2.2 Routine testing is usually caricd owt on the left
wheel waek of each lane. The length of the tosl may ba as little
a8 100 m (30D ) or a8 Tauch a8 50 km (30 wiles). Siandard teat
speeds 28 low a¢ 20 kmb (12 mph) and as kigh 28 80 kml {30
tnph) have been cseablished for particular types of CIME and
particalar applications, Slandsvd nominal water fitm thick=
nesses ase (ypically 0.25. 0.80. and 1.00 mm {0.01, 0.02, and
0.04 iny according 1 the wps of CFME and the application,

K14 Other:

X141 On fooiways and helidécks where the CFME is
mamally pushed, & standard test speed of 3 kmh (3 pht} bas
besn patabliched, Standard nowvinal warer film thicknesses e
fypieally 1.0 and &5y (0.04 and 002 W),
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STATE OF WEST VIRGINIA
Purchasing Division

PURCHASING AFFIDAVIT

Wast Virginia Code §5A-3-102 states: Ne conradt or renswal of aivy weniract mey bo swarded by tha etata or
any of its poliical subdivisions to any vendor or prospechive verdor when the vendor or prospective vendor or
a related parly fo the vendar or prospective vendor is a debisr and the dabt owsd is an amount greater than

one thousand dollars ln the aggregate

DEFINITIONS:

SDebi® moans any assessmant, pramium, panalty. fine, tax of other amourt of money cwad to the siate or eny
of ite poliical subdivisions besause of a judgment, fine, permit violation, ficense assessment, defaultect
workers' Gompensanon premium, peamily or otihar oaacnaraont prossrdly delinsuieed or dus and reguited o be
poid o the state or any of itz poieal subdhviska:s, including any interost or additional panalties arrmied

theraon.

"Liobior® means any mahdidual, suibuativiy, partnershlp, ascealstion, limitad linkiffy rnmpany ar any athar fom
or butinman nanooistion owing = doit in tha sEte or any of its political gubdivisionz. “Political sabrilvksion”
means any Gourty COMIMISSIon,; FAUMGILLY, vaily Lol ot SRS BIYy bmtruriuesn ity aotanichack By S

county of municipalily; any separate corporation o instrumeritality established by on2 or more sounties or
municipalities, as pammitted Dy law; of any public body charged by law with the performance of a government
funetion or whosa Jurisdiciion is enextensive with ons of more counties or muricipalities. “Related parly® means
 parly, Whethor an inaviaus), cnrpn;j-;i::-xh paea biirahip. I;ﬁ:;:f:ﬁnm fmitad "g;'b EN"P’"SI";" any nther foim
aF buminses uedecintisrn e ndae an temouad, N lany \;enﬁgr oﬁd. mat| y CwWnership or
wuulract through whish the pary has @ relatinnehip of cwnarshin or other ATierest with e vghauar B0 maP g
pany wiil aciuzlly o by oot roochko or wontrol a portion ~F the hannfit, profif or ather conclderatinn Tom

performanca of a vendor cortract with the parly racalving an amount that meets or exceed fiva percent of the
fotal sonirast amount.

EXCEPTION; fhe profbiion of fida seclion doze not apply whoro a vendsr has eonfesfed any tax
adminisiored puraiant to chapter eleven of fhis code, workers' compensation premium, permd fee or
environmental f2e or assessment and the matter has not bacome final or where the vendor hae sntered info a
payment plan or agreemént and the vendor ie not in defanit of any of the provisions of such plan or agreement,

LICENSING: Vendors must ba licensed and in good standing in acoordance with any and all staie and local
[aws and requirements by any state or local agency of West Virginia, including, but net timited fo, the West
Virginia Secrstary of State’s Offica, the West \firginia Tax Department, Weet Virginla insurance Commission,

ar any oiher state agencles or political subdivision. Furthermore, the vendor must provide all necessary
rejoases to obain Infomusiun W enabic the Oroear or spanding unlt to weily dhat e vandor i Hoonnad and in

good standing with the above entiiies.

CONFIDENTIALITY: The vendor agrees that ha or she will not disclose fo anyons, directly or indirectly, any

such persenafly identiftable infarmalint or other confidential information galned from the agency, unless the
IRV LE WRS 1D The subguet wf S inforraiinm aannsnis i she dicelnerrs In wriiing or s disclosime iS5 mate
pursuant o the agency’s policles, procadures and rules. Vendors shoutd visit www.state.wv.usiadminf

purchase/privacy for the Niitive of Agency Confidentiality Policies.

uUnder peneity of law for foloc ewoaring (West Virginia (otiR, $01-0-3) i 15 Ueiely uc Hifcd thal Y yurder
acknowledges the information in this said affidavt and are in compliance with the requiremants as stated.

Neygers Aero cdoRP _

Vendors Name:

Authorized Sighatureies——
Forchasing Afdeult (Revised 057507}
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NEUBERT AERO CORP.

AIRPORT PRODUCTS & SERVICES

Strategic Airport Safety Solutions

April 14, 2008

Mr. Michael Austin

State of West Virginia-Purchasing Division
Building 15

2019 Washington Street East

Charleston, WV 25305-0130

Re. Invitation For Bid # 7780061
Closing Date: 4/16/08
“Friction Tester Trailer Unit”
NAC Dynamic Friction Tester™ (DFT) — Total Bid: $ 42.674.00

Dear Mr. Austin:

It is our pleasure to submit the enclosed bid response for the above referenced subject to the State
of West Virginia for consideration and acceptance. Neubert Aero Corp. (NAC) offers quality
safety products and is located in Clearwater, Florida. NAC is a Service Disabled Veteran Small
Business and is an authorized Dealer/Distributor for NAC Dynamics, LLC of the Dynamic
Friction Tester™ (DFT). The DFT is manufactured and serviced in Clearwater, Florida.

The following exception is stated:
Specification: Item #6 — The test tire shall meet the requirement of ASTM E 1844

Justification: The DFT friction tire is meets the ASTM E 1551. The tire referenced by the
Authority is a product specific tire used on a competing device using the ASTM E 1844. As
referenced in Federal Aviation Administration Advisory Circular No. 150/5320-12C (see
attached copy), the DFT is an FA4 Qualified Continuous Friction Measurement Equipment
(CFME) for use.

If you need any additional information regarding our bid response or product specificaitons,
please call me directly at 727.538.8744 or my cell at 727.643.7681.

Respectfully yours,

) eubert, M

BA, AAE.

President

14141 46th Street North, Suite 1206 » Clearwater, Florida 33762 USA - Phone: 727.538.8744 Fax: 727.538.8765
www.airporinac.com
Certified Service Disabled Veteran - Owned Small Business
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(A Advisory

U.S. Department -
of Transportation C I r c u I a r
Federal Aviation

Administration

Subject: Change 7 to MEASUREMENT, Date: 12/05/2005 AC Ne: 150/5320-12C
CONSTRUCTION, AND MAINTENANCE OF SKID-  Initiated by: AAS-100 Change: 7
RESISTANT AIRPORT PAVEMENT SURFACES

1. PURPOSE. This change updates information regarding FAA qualified Continuous Friction
Measuring Equipment. '

2. PRINCIPAL CHANGES. The following editorial changes have been made:

a. Appendix 4. Changes have been made to reflect updated information for manufacturers.

PAGE CONTROL CHART
Remove Pages ' Dated Insert Pages : Dated
Appendix 4 05/25/05 Appendix 4 12/05/05
pg. 1 {and 2) pg. I (and 2)

Ol 2

DAVID L. BENNETT
Director of Airport Safety
and Standards

P I




12/05/05

AC 150/5320-12C Change 7
Appendix 4

APPENDIX 4. FAA APPROVED CFME

Metaligatan 7
271 39 Ystad, Sweden
SWEDEN

AJRPORT SURFACE FRICTION TESTER INDUSTRIES AB

AIRPORT SURFACE FRICTION TESTER
+46 0 411 651 00

FAX+46 0411 190 12

email: sales(@asft.se

ATRPORT TECHNOLOGY USA

SAFEGATE FRICTION TESTER

NO LONGER AVAHLABLE

DOUGLAS EQUIPMENT LTD MUMETER
Douglas House, Village Road +44 1242 531219
Arle, Cheltenham FAX +44 1242 571667

Gloucestershire email: spdi@douglas-equipment.com

GL51 0AB UK

DYNATEST CONSULTING, INC,, RUNWAY FRICTION TESTER (6810, 6850 and 6875)
(FORMERLY K.J. LAW ENGINEERS, INC.) +(904) 964-3777
13952 US Highway 301 South FAX +(504) 964-3749

Starke, FL. 32091

FINDLAY, IRVINE, LTD. GRIPTESTER FRICTION
'ESTER
42-44 Bog Road, Penicuik +44 1968 672111
Midlothian EH 26 9 BU FAX +44 1968 671237
SCOTLAND
yww.findlayirvine.com
INTERTECH ENGINEERING TATRA FRICTION TESTER
NO LONGER AVAILABLE
¢ | NEUBERT AERO CORP. NAC DYNAMIC FRICTION
'ESTER :
4105 West De Leon Street +(727) 538-8744
Tampa, FL. 33609 FAX +(727) 538-8765
email: info{@airportnac.com
WWW.airportnac.com
NORSEMETER RUNAR RUNWAY ANALYSER AND RECORDER
P.0.Box 125 +4723 20 1270
Bogstadvien FAX +4723 20 1271
03230310
NORWAY
PATRIA VAMMAS AEC Bv-11
SKIDDOMETER
P.0. Box 18 Vammaksentie +358 20 4694041
FIN-38201 Vammala FAX +358 20
4694250 .
FINLAND www.patria.fi
SCANDINAVIAN AIRPORT AND ROAD SYSTEMS AB SARSYS FRICTION TESTER
(SFT)

Box 31, Sjoviksvagen 4 SARSYS TRAILER FRICTION TESTER (STFT)

23121 Trelleborg +46 410 46 110
SWEDEN FAX +46 41046 111

US/Canada Tradewind Scientific Ltd. www.iradewindscientific.com

1 (and 2)
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Neubert Aero Corp

14141 46th Street North
Suite 1206
Clearwater, FL 33762

State of West Virginia

Dept of Administration-Purchasing Div.
2019 Washington Street East

PO Box 50130

Charleston, WV 25305-0130

Phone |  304-558-2402 | Fax |

Az@g}@}z Pa{;dz«h!x

NEUBERT AERC COHF’

Estlmate

Est[mate #"

4/14/2008

43579

“xp Date

6/14/2008

Division of Highways :
Material, Control, Soil, & Testing
190 Dry Branch Drive

s

Destination

_Qty

RFP#7780061
Dynamic Friction Tester - CFME System Trailer Unit
(DFT-60/641863) US Patent No. 7117716B2
1) Fully Integrated Software - Mu Value Reporting
2) Ambient and Pavement Surface Temperature Sensors
3) Samsung Q1 Handheld{1} w/ Vehicle Mount (1)

4) Honda WX10 1.5 HP Water Pump

5) Flow Meter - Digital

6) Tire Pressure Gauge

7) 500 Liter Stainless Water Tank

8) Fitted Standard US 2" Tow Ball Socket
9} Strobe Amber Safety Beacon

10 One (1) Year Warranty

Dynamic Friction Tester Wheel-up 4316 Upgrade Modification
Electric Tow-Hitch Kit

-12 volt.DC 2000 Ibs. Actuator

- DFT Electric Motor Configuration

- Software Upgrade

DFT-60/641863 Two{2) day on-site training & installation
Price includes expenses related to travel, subsistence, and
lodging.

Shipping & Handling

1.00

1.00

1.00
1.00

1.00

36,534.00

2,8%0.00

850.00
550.00

1,850.00

36,534.00

2,890.00

850.00
550.00

1,850.00

Federal Tax ID- 59-3527102 - D & B- 035516934
CAGE- 1W2L5 - Make checks payable to- Neubert Aero Co

Total

If this estimate is acceptable, please sign and fax to 727.538.87635, along with

your purchase order, We sincerely appreciate your business,

Signature Date

wwwa;rportnac com: *: Ph:727.538.8744. * Fax: 72?_538 8765
IR =+ Strategic Alrport Safety Solutfons == "% )
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_  FAA Certified
Meets and Exceeds Ap'pendlx' " ”?‘of FAA AC '150/5'- 2012

NAC Dynamic Friction Testing Device (DFT)™ us patent 7,117,716 82
CONTiNGOUS FRICTION & FLUID DRAG MEASUREMENT DEVICE (CFME)

Neubert Aero Corp (NAC) offers the most technologically advanced and only “Made In the:.
precision tow-behind CFME device. The DFT is a trailer mounted system with an mt
tank designed to accurately measure surface coefficient of friction. 2

ol )
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ration without charging
R & AC recharging

AOICAA cAP 683

DYNAMICS
13F Ambient

21F 19F 23F

Sample Screensho

NAC—t—

NEUBERT AERO CORP.

Airport Producis & Services

: 14141 46th Street N., Suite 1206, Clearwater, FL 33762
oo Phorne: 727,538.8744 « Fax: 727.538.8765
u'portnac com * mfor@airpertnac.com
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Specializing in Friction Measurement Technologies

TECHNICAL SPECIFICATION

it

Continuous Friction Measuring Equipment (CFME)

TSI

Dynamic Friction Tester (DFTY™ (US Patent - 7117716)

NAC Dynamics, LLC

14141 46™ Street North, Suite 1206
Clearwater, Florida, 33762

Tel : +1 727.538.1917

Fax :+1 727.538.8765

Email: info/@airportnac.com

Web: www.airportnac.com

Rev: 1/2/2008




Specializing in Friction Measurement Technologies

CONTENTS
SCOPE ...ttt s e e r s e r e e e st e set e e e et e eneaeaeans 1
SPECIFICATION ..oiicirtinerree e rem e e sses s s e sss s sas et sesaessseesd ansseass e smaenneanes 2
KEY FEATURES ..ottt ittt et ae s e e ve e ssn e e e ennes 3
OPERATTION ..t ee et rseesserreecesses e st e e s et a s st st e e msmeearasnasanes 6
DATA RECORDING AND DISPLAY ..ottt s emen e e s aane 7
Main Menu and Start Up SCreen. ..ot e 7
Open Program SCIEEIM ...ttt sr s e s s s s bassbaneees 7
Configuration SCIBEM.......covuieereee ettt be e s st e sstsssabssbbbassnssnmanseemnne o 8
CapIUFE SCTEETE 1overnrieinririeirisintiistniteis st e st bs st st st e e me et sameamtasn e rrasnnersne st resssesrsanns 8
DET IN OPERATION ..ot ren e seesenssmes s st e et 9
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DYNAMICS

Specializing in Friction Measurement Technologies

SCOPE

The Dynamics Friction Test Vehicle has been specifically designed for winter and summer
operations. It’s robust construction and innovative design lends itself well to the harsh
environments found on modern Airports.

The Dynamics Friction Tester (DFT) measures and records surface friction values in
accordance with Federal Aviation Administration (FAA) and International Civil
Aviation Organization (ICAQO) requirements.

Reference: hitp:/www .faa.gov/arp/publications/acs/150_5320_12c_chg7.pdf

The DFT is also fitted with a number of sensors that makes this device unique. The
DFT is capable of separating the pon and the pi; values.

Wron IS defined as the rolling resistance of the tested surface and Wi is defined as the
skidding resistance of the tested surface. This data can be used to monitor for runway
roughness.

The DFT is a trailer mounted system with an integrated water tank and designed to be
used with a tow vehicle to accurately measure the surface coefficient of friction.

Deterioration of the surface can be from the polishing action of the aircraft tires
rolling and braking on the surface or the introduction of contamination, namely water,
snow, slush, ice or rubber on the surface. The DFT is capable of monitoring for this
loss of friction in all these conditions.

A 132 gallon (500 liter) capacity stainless steel tank is mounted on the DFT and is
sufficient to test more than 27,000 feet (8300m) at I mm water depth without refilling,
The computer system uses USB technology to download the data to a compatible
desktop computer system for archive and analysis. Additional on-board sensors also
record ground temperature, ambient temperature, optional tire pressure and GPS data.

The DFT comes standard with a front wheel-up feature eliminating unnecessary
friction-tire wear when not performing friction tests. This is done remotely via the

witreless connection or serial cable.

The chassis is painted with corrosion resistant paint and the complete stainless steel
trailer is designed for harsh winter operations.

The DFT is clearly visible from a typical tow vehicle and includes a strobe amber
beacon. The DFT can be can be easily reversed for parking.

Rev: 1/2/2008
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DYNAMICS

Specializing in Friction Measurement Technologies

SPECIFICATION

Part Number

Dimensions

Measuring
Method

Tire
Specification

Test Speed

Temperature
Rating

Operating
Voltage

Data

Collecting
Computer

Charging
System

Wheel Up
Svstem

Rev: 1/2/2008

NAC1000-0001

(feet) (mm)
Length 7.2 2200
Width 3.2 1000
Height to Chassis 2.5 750
Height to top of water  4.2° 1300
Tank
Rolling Friction (Mu 12%
Slip)
Rolling (Mu Roll) Free Rotation

E1551-93a(1998) Standard Specification for Special Purpose,
Smooth-Tread Tire.

Minimum 15 mph 24 kph

Maximum 60 mph 96 kph

Cab Mounted 14F to 122F -10C to +50C
Components

DFT Mounted -58F to 140F -50C to +60C
Componernts

On-Board Battery 2X12vbC 100 hours between
Supply Marine Batteries  charges

Any Microsoft Windows XP computer system can be used to
collect and display the data. Contact NAC Dynamics for the latest
model used.

*DFT software is supplied free of charge to the customer.

Solar Panel Operating Voltage 16.5V @ 1.94Amps
External Source 110 to 240V AC
1P 67 Actuator Operating Voltage 12V @ 5Amps

T TRIE Y




Specializing in Friction Measurement Technologies

KEY FEATURES

The general outlay of the Friction Equipment is shown in Figure 1.

The DFT is a trailer device pulled by a suitable tow vehicle — Please specify
your tow hitch configuration upon order.

A Two-Axis Force Transducer is used to measure the rolling resistance of the
pavement surface.

A Two-Axis Force Transducer is used to measure the Coefficient of Friction
(W of the pavement surface.

Ambient and Ground temperature sensors are mounted under the Nose Cone.

A 6-watt solar panel is used to trickle charge the batteries and is mounted on
the Nose Cone.

A distance sensor is mounted near the rear tire.

2 %x 12V DC batteries are charged via an on board 110V AC charger.

A handheld computer is utilized to collect data and located in the tow vehicle
with the operator. Any suitable Windows XP computer can be used. Please

specify your requirements upon order.

Data is transmitted from the DFT to the computer via Wireless or Serial Cable.
Boih systems are supplied as standard. '

Rev: 1/2/2008
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DYNAMICS

Specializing in Friction Measurement Technologies
OPERATION

The DFT is a four-wheeled trailer vehicle. The two rear wheels are 24” diameter,
fitted with standard tires with tread depth of ¥4”. The two front wheels are fitted with
ASTM E1551 friction test tires.

To generate the slip required at the front friction measuring wheel, the drive from the
rear port wheel is taken through a set of pulleys and belts to the front wheel axle. The
specific ratio of pulleys in combination with the different tire diameters (front and
rear) gives a system ratio of 12%. Zero slip is allowed in the pulley system. The belts
have an auiomatic belt tensioning system, reducing maintenance.

The starboard rear wheel is not restrained and is allowed to rotate freely. An
inductive sensor is mounted near the starboard rear wheel which monitors wheel
rotation. This gives distance and speed information to resolution and accuracy of +-
1.5% of the indicated speed.

Each of the four wheels is supported via a swinging arm with coil-over-shock
damping system. This is mounted from a stainless steel chassis that supports the
electronics, stainless steel water tank and associated water delivery system.

A battery pack is sitnated under the chassis. The batteries are marine grade batteries
to ensure durability. The electrical capacity of the batteries gives 100 hours of
operational use between charging. In addition, there is a solar panel mounted to the
nose cone which is used to trickle charge the system batteries.

Located under the nose cone is a four stroke engine with an integrated water pump.
When operated on dry runways, water is pumped through a digital flow meter and
diverted back to the water tank. Manual operation of a valve adjusts the flow to the
required rate and is shown on the computer display for accuracy. When activated, a
solenoid valve is switched via the computer to divert the water to a nozzle in front of
the friction-measuring tire. The water delivery system is capable of applying water at
arate of Imm depth while traveling at 60mph (95kmph) as required by FAA, CAA
and ICAO regulations.

An adjustable tow hitch is mounted on the DFT to suit different tow vehicles. The
tow hitch is pivoted therefore eliminating any fluctuations in tow vehicle ride height
during tests, while maintaining a constant down load force on to the measuring
wheels. A 12 V DC linear actuator lifts the front of the DFT off the ground when not
in use, eliminating tire wear. A jockey wheel is also supplied which enables the DFT
to be moved manually. :

Rev: 1/2/2008
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DYNAMIC

Specializing in Friction Measurement Technologies

DATA RECORDING AND DISPLAY

The DFT onboard computer automatically processes speed, distance, friction,
temperature and flow rate, and sends this data via a wireless 802.11b/g network to the
computer system, located in the tow vehicle. Because of the unique wireless
connection and standard tow hitch arrangement, any vehicle can be used to tow the
DFT.

Resolution of data collected on the computer is one reading every 3.3 feet (1 meter)
and is stored to the computers hard drive. A typical runway test uses approximately
200kb of memory. Contact NAC Dynamics to requests latest computer specification.
Alternatively customers can specify / supply their own computer system.

Below is a selection of screen shots taken from the DFT software. Each screen is
designed for finger touch control and ease of use for the operator:

Main Menu and Start Up Screen

From the main menu the operator can navigate to any area within the software.

Mot connected to OFT.

e wvnn sttt com Dynamic Friction Tester

Versinn IR X]

United States Patent 7117716

Open Program Screen

A simple menu structure shows a cyclic list of the Programs or allows the operator to
create new programs specific to the Airport.

™ st

Alrpart Mame Test Distance (m)

!AT'-T * Designation Offsat
l § Runway Mo, [ wateron

[T} DuarRun ~ Water Flow (lm)

Rev: 1/2/2008
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DYNAMICS

Specializing in Friction Measurement Technologies

Configuration Screen
Simple set-up screen allows the operator to change measuring units and other

parameters.

Configuratio

-DFT

© Wircless & Serial Serial Port (COMA] JCOMA

DFT 1P Address 1159-254-59.3 Flow Meter Calibration Value 324?
DFT TCP Port 11 oBo2 DMi Distance Calibration Value ;ﬂ.‘l 8849
Slip Ratio [%) i‘lZ.l] Atmospheric Pressure [PS[) j'l 4.692

~Readings ———-—

T ;Units
& Mu [Simple] i~ by wst L e fmperial

i !
- ACA © B iop . s % L Metrie
Mo roilfslip ¢ s snow Gond Friction » }ﬁ,ﬁﬁ |
DT M dey | PoorFrictian ¢ |0.28 ;

Capture Screen

Friction, Speed and Distance are clearly displayed during the survey. The Ground
and ambient temperature is also displayed and logged.

Rev: 1/2/2008

Remaining Storage (ME); 24,3
Battery Status: Good
Arnbient Temp: 30660021 C
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Specidalizing in Friction Measurement Technologies

DFT IN OPERATION

Rev: 1/2/2008




