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Purpose and Objectives

» How do systems perform? How reliable,
durable, maintainable?

» Do systems influence maintenance
practices?

« What are costs and benefits?
— Maintenance costs
— Component life
— Vehicle performance and safety




Fleet Characteristics

Washington Metro Area Transit Authority
— Four Mile Run facility

Orion VII urban transit buses, MY 2005
— 12 test and 12 control vehicles

300 sq mi service area in Arlington, VA
Average travel 129 mi/day
Average travel speed 16 mph

Over 800,000 vehicle miles traveled during 12
months of data collection

Brake Sensors

Commercially-available stroke monitors
using Hall-effect sensors (2 makes)

Strain gauged anchor pins (1 make)

All are retrofittable to in-service vehicles
All provide an in-cab display

Data collected, devices checked weekly
Buses tested monthly on a PBBT
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Results: Brake Deficiencies

* 69 “unsafe brake conditions” identified

— 50 were confirmed faults

— 19 were false-positives (no visual validation)
» Only 1 complete sensor failure

— But other sensor faults due to wiring harness
connections and loose sensors




Results: Brake Troubleshooting

 Both types of Hall-effect sensors identified
a “dragging brake” condition on all buses

Misalignment found between pushrod and
slack adjuster

Bus OEM resolved the situation

Without this data, situation could have gone
undetected for months!

Results: Technician Feedback

Prognostics helped technicians quantify and
reduce driver brake performance complaints

WMATA and study team worked with
suppliers to minimize system false positives
and improve reliability

Improved details on brake performance
allowed WMATA to drop a “hand-on” 3,000-
mile brake PM inspection.
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Role of PBBTS

« What a PBBT can do: Provide a rapid, objective
and consistent measure of vehicle braking
performance, irrespective of brake type, energy
supply, or actuation method.

« What a PBBT cannot do: Replace inspector’s skill
in finding brake defects unrelated to immediate
brake performance, such as air leaks, chafed
hoses, or thin brake pads.




Use of PBBTSs: Roadside
Inspection

 QOut-of-Service Criteria: Failing to develop a
total brake force as a percentage of gross vehicle
or combination weight of 43.5 or more on an
approved PBBT.

* In the United States, an approved PBBT must
meet the FMCSA functional specifications

(65 FR 48799, August 9, 2000)




CMV Field Based Brake Wear and
Performance Test

« Test site: Greene County, TN CMV inspection
facility
» Vehicles selected from traffic stream

— Inspector-selected subset of vehicles directed to cross the
permanent scale

— Level | brake-related inspection results and companion
PBBT inspections

» February — November 2008: 647 trucks (5,642
wheel ends) tested

Comparison: PBBT Results and Brake
System Violations

- Pass PBBT  |Fail PBBT
Pass

Fail

NAS Level | 20.9 %




Status

» Field data collection continues

» Long-term fleet vehicle data collection
underway

« PBBT informational brochure and training
video updated

In-service Assessment of CMV
Braking Capability
* Q: Do CMVs still meet the 20 mph
stopping distance test that 49 CFR 393.52
requires?

* A: We need to do some testing ... the last
field tests were done in 1983.




Results from first 38 vehicles ...

Normalized Stopping Distance
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More results from first 38 vehicles ...

Overall PBBT Data
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Smart Infrared Inspection System

» Sponsored by FMCSA
 Period of performance: September 2006 - October 2009

 Current activity:

— Ongoing update and testing of algorithms for automatic
isolation of regions of interest

— Preliminary definition of possible “rules” to include in SIRIS
software

— Hardware modifications (faster setup, improved detectors,
higher-res color camera, etc.)

— Deployed 3 systems in field
— Defined statistical parameters for analysis

Some “rules” being considered

Non/low functioning brakes
— Every wheel should have brake heat
Grabbing or dragging brakes
— Brakes should not be “super hot”
Overloaded, broken suspension, underinflated tire
— Tire sidewall should be “cool”
Tire rubbing
— Tire tread should be “cool”
Tire tread separation
— Tire tread temperature should be uniform
Ungreased axle bearing or missing bearing cap
— Axle bearing cap should not be “super hot”
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Roadside Inspections: Brake Adjustment
OOS Violations

0.0

—=a— Brake, Out of Adjustment OOS/Vehicle OOS Percent — &— Brake, Out of Adjustment OOS/Total Brake OOS Percent

Current Practices related to SABAS

» E-mail survey to CVSA Associate Members and
TMC members

— Current practice on air brake maintenance
— Awareness of proper procedures/warnings

» Key results:

« Many respondents are routinely adjusting SABAs (as if
they are manual brake adjusters)

» More than half did not believe adjusting SABAs was a
dangerous practice

» More than 60 percent were not aware of any warnings
against manually re-adjusting SABAs
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CVSA-sponsored study: What happens when
SABAs are manually adjusted?

« Typical SABA adjustment procedure:

— Rotate adjusting nut clockwise until brake pads come in
contact with drums

— Back adjusting nut off, counter-clockwise (CCW) % turn

When rotating the adjusting nut CCW, internal
mechanisms are subject to high forces

— Wear and potential damage can occur

— One type can be irreparably damaged with a single adjustment,
if the manufacturer’s warning and adjustment procedures are
not followed

What happens to SABAs when manually adjusted?

Method: 5 popular OEM SABAs were purchased
off-the-shelf
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Experiment

« SABAs were randomly selected and designated
“A” through “E”. *

— Purpose was not to say Brand “X” is better than
Brand “Y”

— Purpose was to quantify what happens to an ABA
when manually adjusted, and

— How much adjustment can a typical SABA tolerate
before it ceases to function properly?

* - Please don’t ask, because | don’t know which is which

Bench-Top Setup

Digital Torque
Wrench
B S _\A
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Procedure

— Rotate adjustment nut CCW, periodically measure torque

— Compare measured torque to manufacturer’s
recommended minimum for proper operation

— Test duration: Assume “lifetime” of a vehicle is 10 years
* Vehicle is driven 300 days per year

 Adjustment made every time it is driven (150 CCW
cycles per year)

» Total of 1500 CCW revolutions in vehicle lifetime

Nearly all SABAs lose torque after some amount of
manual adjustment

CCW Torque - Adjuster A ) CCW Torque - Adjuster C

,\.\7 (each point is Average of 11 measurements) ] (each point is Average of 11 measurements)
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CCW Torque - Adjuster B [ CCW Torque - Adjuster D
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easurements) (each point is Average of 11 measurements)

Torque (ft-Ibs)

No. Revolutions No. Revolutions

Note: “E” was not tested because single rotation without releasing pawl causes immediate destruction.

Releasing pawl causes no decrease in torque.
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What does this mean?
Tests are preliminary

Planning similar testing on aftermarket and
“knockoff” SABAs

Also planning to test using a complete
wheel end assembly to more accurately
assess interplay of all components
(pending availability of resources).

What I'll talk about ...

Brake Sensors Mini-FOT

Other Field Studies:
— PBBTSs at roadside

— In-service assessment of CMV braking capability

— Smart Infrared Inspection System
Bench Testing of SABAS

Brake Adjuster Education/Outreach

17



DRIVERS:

Do Your Brakes Measure Up? How to Check Adjustment of S-cam Air Brakes with Clamp-Type Chambers

SH FADJUSTING BRAKE ADUUSTERS SHOULD NOT REQUIRE IN-SERVICE READUUSTMENT. SEE BACK OF CARD FOR ADDITRONAL INFORMATION.
ONLY USE THIS CHECKLIST IF YOU ARE TRAINED AND AUTHORIZED TO CHECK BRAKE ADJUSTMENT!

SET-UP PROCEDURES

1. Park vahicls on leval ground. Pul wheal shocks In piace.
'¥Walt undl brakes ars codal 1o Me tauch. Determing he
chamber fypes.

2. Start englne to buld ak resenolr pressure.

3 Ralsase spring-type parking brakes and all senvice brakes.

APPLIED STROKE METHOD

?.G Maks & full mhes‘fnpllnaﬂan Wil &lr resenaoir pressue

galges 350100 pal |
||a| K an aesistant io completaty '%S‘HEDH[E paoa, or
(b} Lis= 3 prop ba hoid the brake pedal fully appled, or

\&} Actvata 3 dash-mounied brake vave am.amr

A Wit i1 brabe Ul 3ppled, t3p e o of e brake drum
ITITar.

wEn a amall hami ‘¥ou shouwld hear 3 duil "ol ound.
ur{)m hegr a h%sﬂl.m ihe braie i) ;5 N ﬁrme
. ECTEd iImmenialely 0y 8 ke

.‘emm‘c!ar: mpeul at nar:n whael and.

34 U= a ruler to measure the appiled stroke, which Is the
dziance from the chak mark mt‘iinmnw where It ems e
brake chamber o the u=ed In St2p 5
Repast at aach wheal end.

104, |5 tha measured pushrod stroke st or greater than the
maximum SU]UE[I“BI’\[ 1imit for tha chamber [Yps (522 slge 2
of cardy? OF, do you 8ea a rad o orangs colorsd band on
e Fanrcu.:EmessluE srowe Inclcabar) wnen the brake suln
Hawa tha braks IM
TE rake tachniclan 1o detering If repalre.
are needed

4. Tum off enging when bolh 3ir resanoir pressLre qauges reash
30-100 pal (£20-530 KPa). Place ransmision In low gear

5. Push agalnst the pushrod with your hand o enswre that it is fully
rafractsd Inko the brake chamber. Rapeat &% each whasl and.

&, 17 your brakes have moveable siroke Indicators, set ihem (some
lide. olhars need a spacial ool). [T nol, mark ihe pushrod with cnalk or
ather marking davics wherz It s e brake chamier. If the chambar

i not accoseibie, mark the pushrod whers It aligne with the chamber
maounting braciket referance surace). Repeat at sach wheal and.

You can check brake adjustment of S-cam brakes using the applied stroke method or free stroke method. The appiied sooke merhod is more refiable.

FREE STROKE METHOD

& r frew

7B. Aftacha

bar am:[.u.ll hard on ine brake adJuster am.
Repeat at & haai and.

&8 viln e :2; o pating on tne oraks agjuster tap the side of tha

braks d should haar 3 dul “clunsing”
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3B. Use a ruler to measure iha free stroks, which |s the dstance from
e chalk mark on Ihe pusinga 1o where If s ine l:mkecnarrner[cnre
refarance surace Ir Step £). Repeat at sach whaal &

10B. |5 e fres slroke more Man 57E Inchr [18mm*) for 5 self

adjust: nrsks adjuster or more than 172 Inch* ismm‘;mra manual
ks Have tha braks Insp
ny a@l’lﬂ&j brake 1echnician o detammine It

‘21 {0 your vehicle mwmars marual for speciic (m

I a Irs ars

MAXIMUM ADJUSTMENT LIMITS FOR S-CAM AIR BRAKES WITH CLAMP-TYPE CHAMBERS
Using the applied stroke method, 90-100 psi (620-690 kPa) reservoir pressure

CHAMBER TYPE (Size)

You can demmulr}:ﬂuetype (or size) of brake chamber 3 ways:

1.

2 Lnukformem “TYPE" followed by a number (e.g., 9, 12, 18, 20, 24, 30, 35)
on the clamp or body of the brake chamber, or

3. Ask a certified brake technician.

WOTE: Althowgh clamp-type s tha moat common brake chambar, thers ara others.
Chack with 3 certified brake techniclan If you are uncertain about the style, typs and
maximum applied stroke of braks chambers installad on youwr vehicls.

STANDARD Stroke Brake Chambers

Standard stroke brake chambers
generally have:
- ROUND ports,
- NO SPECIAL TAG or service
instructions embossed on flange
case.

‘Brake Adjustment Limit
TVPE & 50-180 psi

3 1-208 Inchees (35 mm)
12 1308 Inches (35 mm)
15 304 Inches [45 mm)
z Inches (45 mm)

1-364 Inchees (45 mm)
) 2

Sl:lal Tool Mumeric Markings

LONG Stroke Brake Chambers

Look for one of the following three features. They
penerally distinguish a long stroke brake chamber from
a standard stroke brake chamber (SAE 1817

1. Ralsad SQUARE port on spring brake chambar
{NOTE: usad on Typs 24° and Typa 3L chambare ONLY] or
Ralsad SGUARE embosament [sarvice brake chambar)
TRAPEZOID-

INSTRUCTIONS EMBOSSED on flange case

(Exampis: “Use only 3 Inch long stroke diaphragm’)

N

Brake Adjustmant Limi

TYFE 0 80-100 psi
121 -3 inches (45 mm)
16L 2.0 inches (51 mm}
0L 2.0 Inches (51
28L 2.0 nches (51

D
For 37 maxmum siroke
Type 18 chambars
30L

3-172Inches (62 mm).

2-172 Inches (68 mm)

OHLY USE THIS CHECKLIST IF YOU ARE TRAINED AND AUTHORIZED TO CHECK BRAKE ADJUSTMENTI
‘Sair-adjusting breke adjus{srs ehoutd only nead manual read)ustments whan they are firet instslisd and When DEKE8 76 ralnad.
v

Brake adjusiment probiems could be caused by the adjusier; the chamber; the foundation brake; or ofhar parts of the brake system.

Manuaily re adjlmliq 8 ull'—:d]naﬂng m-ﬂ]mmml!:(hyeﬂam will not kesp he braks in sdjustment; can condribule to sbnormal wear of the
Internal adjusting machanism: and could cawse the braks fo fall.

U5, Department of Transportation




Thank you very much!

 For further information, contact
— Luke Loy, luke.loy@dot.gov

— Debbie Freund, deborah.freund@dot.gov

 Thanks for the photos:
— Battelle Memorial Institute
— Booz Allen Hamilton
— Oak Ridge National Labs
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