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ABSTRACT

Brake system performance is determined by stopping distance which is the

OTOMOBILLERDE FREN (DURMA) MESAFESININ DENEYSEL OLARAK

1. GIRIiS

function of vehicle velocity at the start of braking and deceleration. Brake
performance parameters are investigated by applying various braking tests. These
tests are carried out either for the purpose of certification at the production stage or
the purpose of braking fault detection. In this experimental study, various braking
test techniques have been investigated. A new method has been developed to
determine the braking distance by means of the experiments conducted at road
condition brake test techniques. It is determined that, stopping distance tendencies
are the same, when it is compared with a different study. Correctness of the
obtained values indicates practicability of the method.

Key Words: Brake Performance Test, Brake Test Methods, Stopping Distance

BELIiRLENMESI

OZET

Fren sisteminin etkinligi ve performansi, frenleme baglangicindaki tasit hizinin
ve yavaglama ivmesinin fonksiyonu olan durma mesafesine gore belirlenir. Fren
performans parametreleri, ¢esitli fren testleri ile arastirtlmaktadir. Bu fren testleri,
iretim asamasinda sertifika amagl yapildig1 gibi, frenleme hatalarinin tespiti
amagli da yapilmaktadir. Bu calismada, ¢esitli amaglarla yapilan fren test
yontemleri arastirtlmistir. Yolda yapilan fren test yontemleri ile ilgili deneyler
yapilarak, frenleme mesafesinin tespit edilebilmesi igin yeni bir ydntem
gelistirilmistir. Farkli bir yontemle yapilan calisma ile karsilastirildiginda durma
mesafesi egilimlerinin ayni oldugu tespit edilmistir. Uygulana yontemin sonucunda
elde edilen degerlerin dogrulugu yontemin uygulanabilirliginin gostergesidir.

Anahtar Kelimeler: Fren Performans Testi, Fren Test Yontemleri, Frenleme
Mesafesi

1. INTRODUCTION

Fren sisteminin performans durumunu ortaya koymak
icin fren testleri yapilmaktadir. Bu testler yapildiklari
iilkenin kanun, yonetmelik ve yapilis amaglarina goére
farkli simiflandirmalara tabii tutulmaktadirlar. Performans
testleri ilizerinde yapilan caligmalar, bu smiflandirmaya
gore farklilik gostermektedir. Kanunlar tarafindan zorunlu
kilinan testlerde aracin sinifina goére saglamasi gereken
sinir degerleri bulunmaktadir. Tagit fren sistemi bu sinir
degerleri icerisinde olmasi gereken performansi gosterirse
yeterlilik  belgesi  almaktadir.  Amerika  Birlesik
Devletleri’'nde “U.S. Army Aberdeen Test Center” de
yapilan testler bu tip testlere 6rnek olarak gosterilebilir(1).

Brake tests are applied to determine the performance of
the brake system. These tests are separated different
classes in terms of the aim of application and the rules
regulation and the country where the test is applied.
Studies on the tests of performance show differency with
respect to this classification. The vehicles have to
necessary limit values with respect to its class at the tests
obligated by the rules. Vehicle brake systems take
adequate certificate if it shows necessary performance in
these limit values. Test applied in “US Army Aberdeen
Test Center” in USA can be shown as an example to these
types of test. Moreover, an automobile producer who
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Ayrica kalite sistemlerine bagl olarak iiretim yapmakta
olan otomobil ireticileri diinyanin farkli bélgelerinde
kalite belgeleri veya sertifika belgeleri veren firmalara
testler yaptirmaktadirlar. Almanya’da BPW Bergische
Achsen Kommanditgesellscaft Wieht Germany firmasi
tarafindan yapilan sertifikasyon testleri ise bu smf
testlerdendir(2). Otomobil iireticilerinin kendi imal
ettikleri araglarin tasarim esaslarmma uygun olarak imal
edilip edilmedigini kontrol etmeleri bakimindan kendileri
veya baska firmalar tarafindan yapilan testlerde bu
calismalarin farkli bir smifin1 olusturmaktadir. National
Organization for Automotive Safety and Victims’aid
(OSA) tarafindan Honda firmasina yapilan testler bu sinif
icin Ornek olmaktadir (3). Kanunlar ve sertifikasyon
testleri haricinde ozellikle SAE (Society of Automotive
Engineers, Otomotiv Miihendisleri Odas: ) tarafindan
degisik marka ve modeller {iizerinde de tasit fren
performans testleri yapilarak sonuglari
karsilastirilmistir(4).  Yapilan biitiin - caligmalarda her
kurum ve firmanin kendi yontem ve ekipmanlari
bulunmakla  birlikte degerlendirme  kriterleri  de
birbirlerinden farklidir. Fren sistemi testleri 2 ana bagslikta
toplanir.

a. Fren sistemi elemanlarinin testleri ve bunlarin
performansa etkileri.

b. Tasit hareket halinde iken fren performansin
belirlemek i¢in yapilan testler (Yol testleri).

Fren performansinin belirlenmesine yonelik olarak
yapilan yol deneyleri farkli yontem ve ekipmanlarla
yapilmaktadir. Cihaz {izerinde yol sartlarinin saglanmasi
ile elde edilen performans degerlendirmesi ve gergek yol
sartlarinda elde edilen performans degerlendirmesidir. Yol
sartlarinda kullanilan ekipmanlar ve yontemler igerisinde
en uygun olarak kullanilan 5. Tekerlek yontemidir.

Testleri yapan ekip tarafindan test 6zelliklerine gore
geligtirilen ekipmanlar ise ¢ok ¢esitlidir. Pedal kuvveti
6leme cihazi, tekerlek devri 6lgme sensorii, tekerlek torku
6lgme cihazi gibi birkag ekipman 6rnek olarak
belirtilebilir.

2. FREN SISTEMI DENEYLERI
2.1. Fren Sisteminin Performansim Olgme Deneyleri

Yapilis sekilleri bakimindan fren performans testleri
yol ve cihaz testleri olarak 2 ana grupta toplanir. Ulusal
nitelikli TSE ve uluslararas1 ISO standartlar1 baz alinarak
test yontemleri incelendigi zaman standartlarin yol
testlerine gore tespit edildigi, cihaz testleri i¢in ise belirli
bir standardin olusturulmadig goriilmektedir.

2.1.1. Yol Testleri

Yol testleri yapilislar1 bakimindan biitiin standart ve
yonetmeliklerde benzer sartlarda ve sekillerde yapilir. TSE
standartlarinda yol testlerinin ¢esidi oldukc¢a fazladir
(Cizelge 1). Buna ragmen iilkemizde uygulanmas: gereken
Araglarin Imal ve Montaji hakkindaki yonetmelikte bu
testlerin bazilart sart kosulmustur. Yonetmeliklere gore
yol testleri ii¢ ana baglikta toplanir. Bunlar;

makes production as depend on quality systems have the
firms which give quality document or certificate in the
different places of the world make tests. The certificate
tests made by Bergische Achsen Kommanditgesellscaft
Wieht Germany (BPW) in Germany are in this class. The
tests made by automobile producers themselves or another
firms to control whether the vehicles are produced as
suitable to design principles constitutes a different class of
these studies. Tests made by National Organization for
Automotive Safety and Victims (OSA) for Honda firm are
example in this class. Expect for the rules and certificate
tests, especially by SAE (Society of Automotive
Engineers) vehicle brake performance tests are applied on
various trademarks and models and the results are
compared. Each association and firm has different
evaluation criterions in all studies its own method
equipment as well. Brake system tests are separated to two
main groups.

a. Test of brake system elements and the effect of
these to the performance
b. Tests applied as the vehicle move to determine
the performance of brake
Road experiments made to determine the performance
of brake are made by different methods and equipments.
These are the evaluation of performance obtained by
providing of road conditions on the system and the
evaluation of performance obtained on real road
conditions. The most suitable method is 5. Wheel one
among used equipments end methods on road conditions.

Developed equipments with respect to test features by
the team who make tests have very kinds. Some
equipment such as the measurement sensor of wheel
turning, measurement transducers of wheel torque can be
given as example.

2. BRAKE SYSTEM EXPERIMENTAL

2.1 Performance Measurement Experimental of Brake
System

Brake performance tests are separated to two main
groups in terms of applying ways as road and system tests.
It has been seen that standards are determined according to
road tests but no definite standard is formed for system
tests when test methods are investigated with respect to
national TSE and international ISO standards.

2.1.1. Road Tests

As far as application is considered road tests are made
at the same conditions and shapes in all standards and
regulations. In TSE standards road tests have very kinds.
Despite of this some of these tests have become an
obligation in Vehicle Production and Assembly regulation
which need to apply in our country. According to
regulations road test are collected at three main topics.
These;
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. Tip O (Soguk frenle olagan test)
. TipI (Etkinlik kaybr testi)
. Tip II (Yokus asagi inis testii)

- Tip I a (M3 sinifi araglar i¢in)

Tip I (Yokus asagi inig testi) Avrupa Toplulugu
Yonetmeligi (EC) ve Birlesmis Milletler Avrupa Ekonomi
Komisyonu Yonetmeliklerinde (ECE R13) zorunlu hale
getirilmistir. Fakat {ilkemizdeki Araclarin Imal ve Montaji
hakkinda Yonetmelikte (AITM) ise zorunlu degildir (7,8).

Testlerde yol yiizeyi diizgiin, kuru ve tutucu olmali. %
1'e kadar egimli kisa yokus ve iniglere miisade edilebilir,
atmosferik basinct 0,991 ile 1,017 bar arasinda, hava
sicakligt 0 °C ile 34 °C arasinda olmalidir. Deney
sirasinda sonuglart etkileyecek bir riizgar veya deneyi
etkileyecek hava sartlar1 bulunmamalidir. Riizgar hizi
ortalama 5 m/sn’ yi gegmemelidir. Test baslangicinda
lastikler soguk olmali ve tasimakta oldugu statik yiike
uygun basingta sisirilmelidir. Testler, ara¢ tiiriine gore
belirtilen yiik durumunda ve hizda yapilir. Eger aracin
maksimum hiz1 yapisal nedenlerle test hizinin altindaysa;
test, aracin ulastig1 maksimum hizda yapilir.

Frenlerin saglamalart gereken kantitatif kosullar,
yonetmeliklerde ayrintili tanimlart yapilmis olan testler ve
sinir degerleri ile kontrol edilir. Testlerde performans,
baglangic hizina bagli olarak durma mesafeleri ve
yavaglama ivmeleri ile dlgiiliir.

2.1.2. Cihaz Uzerinde Yapilan Testler

Cihaz iizerinde yapilan testler, kullanilan cihazlarin
ozelliklerine gore, kendi aralarinda iki smifta toplanir.
Bunlar;

- Tamburlu tip fren test cihazi
- Platformlu tip (Diiz Yiizeyli ) fren test cihazi

e Type O (test possible with cold brake)
e Type I (test of affectivity test)
e Type II (test of downward slope )

- Type II a (for M3 class vehicles)

Type II compulsory in the regulations of Europe
Community and Europe Economy Committee and United
Nations. But in the regulation related to Production and
Assembly of vehicle in our country that is not compulsory.

In tests, the surface of the road must be smooth, dry
and conservative. By slop of %1 small upward and
downward slope are allowed. At atmosphere pressure
must be between 0,991-1,017 bar and air temperature must
be between 0-34 C. if must be absent negative air
conditions or winds that with affect the results during
experimental, wind speed mustn’t exceed mean 5 m/s.

At his start of the test, the wheels must be cold and
blow up at the pressure appropriate to static load that the
wheels carry. Tests are applied at load state and velocity
clarified with respect to the kind of the vehicle if the max.
Vehicle velocity has a lower value of test velocity. Test is
applied at the max. Velocity that the vehicle reaches.

Quantitative conditions that brakes need to provide are
controlled by tests and limit values which is defined at the
regulations. The performance at tests is measured by
stopping distance and deceleration as dependent on
starting velocity

2.1.2. Tests Made on System

Test made on system according to the features of
system used, are collected at two classes among
themselves. These;

- Brake tests system with roller
- Brake tests system with platform (flat -plate)
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Table 1. Determined brake tests in T.S.5880 (9)
Cizelge 1. T.S.5880 de belirtilen fren testleri (9)

Test number/ | Tests name/

Test no Testin ad1

1. Effective test of primary system cold brake / Servis freni soguk etkinlik testi

2. Unloaded breaking tests groups/ Yiiksiiz frenleme test grubu
Preparation tests/ Hazirhk testleri

3. Preparation test for measurement of reaction time/ Reaksiyon zamani 6l¢tim i¢in hazirlik
testi

4. Preparation test for ineffective experiment / Zayiflama deneyi i¢in hazirlik testi
Secondary brake system defect tests/ ikincil fren kismi ariza testleri

5. Circuit defect test group/ Devre ariza test grubu
Energy defect tests/ Enerji ariza testleri

6. Power reinforcement defect test/ Gii¢ takviye ariza testi

7. Engine stop defect test/ Motor durma ariza testi
Independent secondary brake system tests/ Miistakil ikinci frenleme sistemi testleri

8. Unloaded breaking tests groups/ Yiiksiiz frenleme test grubu

9. Loaded breaking tests groups / Yiiklii frenleme test grubu
Primary brake system local defect test group/ Servis fren sistemi kismi ariza test
grubu

10. Circuit_defect test / Devre ariza testi

11. Power reinforcement defect test/ Giig takviye arizasi testi

12. Engine stop defect test, primary system ineffective test/ Motor durma arizast testi, servis
fren zayiflama testi

13. Hot brake effective test/ Sicak fren verim testi

14. Alternative test process/ Alternatif test iglemi
Static holding on slope and dynamic effective test with hold brake / El freni statik
yoKkusta tutma ve dinamik etkinlik testi

15. Test of static holding on slope/ Statik yokusta tutma testi

16. Dynamic effective test/ Dinamik etkinlik testi

17. The measurement of reaction time of primary brake/ Servis fren tepki zamani 6l¢lim testi

2.1.2.1. Tamburlu Tip Fren Test Cihazi

Tamburlu tip fren test cihazinda birbirine bagl olarak
hareket eden iki adet silindir seklinde caplari esit tambur
bulunur. Aracin tekerlegi iki tambur arasina ¢ikartilarak
frenleme islemi gergeklestirilir. Tamburlara hareket veren
bir elektrik motoru ve motor iizerine bagh bir kol
bulunmaktadir. Tamburlara hareket verildikten sonra arag
igerisindeki deneyi yapan kisi frenleme yapar. Bu esnada
tamburlarin donme istikametinin ters yoniinde bir kuvvet
olusur. Bir kol vasitasi ile bu kuvvet 6lgme iinitesine
iletilir  (Sekil 1). Tamburun ylizey plriizliligi
degistirilebildigi  gibi  tamburlarin  devirleri  de
degistirilebilir. Bu sartlar, farkli zemin ve hiz sartlarinda
test yapilmasini saglar.

2.1.2.1. Brake Tests System of Roller

Brake tests system of roller is consist of two cylindrical
rollers with same diameter and they move as dependent on
each other. Braking process is realized by raising the
vehicle wheel to between two rollers. An electric engine
and a lever linked with the engine exist to give action to
the roller. After the rollers are given action, test maker in
vehicle makes braking. At this moment, a torque is formed
at opposite direction to rotating direction of the roller.
This force is transformed to measurement unit by means
of a lever. (Figure 1) Both surface roughness of the roller
and turns of the rollers can be changed. This condition
enables to make test at different floor and velocity
conditions.
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Sekil 1. Hidrolik 6l¢iim yapan Tamburlu fren test cihazi ve
pargalari (10)

. Fren Momenti

. Déndiirme Moment

. Tambur Cifti,

. Devri degistirilebilirElektrik Motoru

. Moment Kolu,

. Hidrolik Kuvvet Olgiim Kutusu

. Hidrolik Borusu,

. Fren Kuvveti Gosterge Cihazi

o N e R N N S

Agir vasttalar icin kullanilacak bir tamburlu fren test
cihazi, ¢ap1 en az 190 mm olan tamburlara ve en az 2 km/h
test hizina sahip olmalidir. Test yapilacak aks tamburlar
iizerine geldiginde otomatik olarak c¢alismali, tekerlek
kilitlendiginde otomatik olarak durmali ve ayarlanabilir bir
gecikmeyi miiteakip tekrar ¢alismalidir. Cihaz, en az 10
tonluk bir aks yiikiine gore boyutlandirilmis olmali ve
tercihen gercek aks yiikiinii meydana getirmek {izere bir
aguirlik tertibatt icermelidir. Hava basinct da dahil test
siralamasinin kayd1 yapilabilmeli ve ¢iktisi alinabilmelidir.
Test cihazinda tercihen otomasyonlu analiz ve sonug
degerlendirmesi yapabilecek donanimlar bulunmalidir.

Hafif vasitalar i¢in kullanilacak bir tamburlu fren test
cihazi, agir vasitalar igin belirtilenlerden ¢ok az farklilik
gostermekte ve tambur devri en az 5 km/h test hizina sahip
olmalidir. Cihaz, en az 5 tonluk bir aks ylikiine gore
boyutlandirilmis olmali ve tercihen gergek aks yiikiinii
meydana  getirmek iizere bir agulik  tertibati
icermelidir(11).

2.1.2.2. Platformlu Tip (Diiz Yiizeyli) Fren Test Cihaz1

Diiz zeminli fren test cihazi dort adet tutunma katsayist
yiksek diiz  platformlardan  meydana  gelmistir.
Platformlarin ug¢ noktalardan sabitlendigi yerlerden belirli
bir miktar bosluk birakilarak hareket etmesi saglanmistir.
Tasit ortalama 10-15 km/h hizla platformlar iizerine
cikarilarak frenleme gergeklestirilmektedir. Bu esnada
hareket edebilen platformlarin u¢ noktalarina yerlestirilmis
olan elektronik yiik algilayicilart (Load Cell) bilgisayar
iinitesine, bu ¢arpma hizini sinyal olarak gondermekte ve
bilgisayar ekranindan kuvvet olarak okunmaktadir(12).

Tamburlu cihaza gore kullanimi daha basit ve
fonksiyonlart kisith olan bu cihazlarda fabrika ve
servislerde kullanilmaktadir. Cihazin sematik goériiniisii ve

Figure 1. Brake Tests System of Roller (10)
1. Brake Moment
2. Rotating Moment
3. Roller
4. Electrical engine
5. Moment liner
6. Force measurement box
7. Hydraulic pipe
8. Braking force display

So brake tests system of roller that will be used for
heavy vehicle must have at least2 km/h test velocity and
roller at least with 190 mm diameter. It must work
automatically when axle that will be tested come to the top
of the roller, and it must stop automatically when the
wheels are locked and it must rework after on adjustable
lateness. The system must be designed for at least 10 tone
axle loads and must contain a weight setup for producing
the real axle load by preference. Apart from the air
pressure, the arrangement of test must be able to be
recorded and printed out.

At test system by preference equipments making
analysis and result evaluation with automation must exist.
Brake tests system of roller using for light vehicles, show
very small difference from heavy vehicles. The turn of
roller must have at least 5 km/h test velocity. The system
must be designed for at least 5 tone axle loads and must
contain a weight setup for producing the real axle load by
preference.

2.1.2.2. Brake Tests System of Platform (Flat -Plate)

Brake tests system of platform (flat -plate) is consist of
four flat platforms which have high holding off
coefficient. The platforms are enabled to move by being
stayed an amount of gab from the places where they are
fixed to end points. Braking is realized by being raised the
vehicle on the platforms with mean 10-15 km/h velocity.
At this moment electronic load sensors (load cell) placed
to the end points of the platforms that can move the hitting
velocity send as signal the computer unit and the force can
be read from computer screen.

These systems that are more easy to use have limited
functions compared to the system of roller are used in
factories and services. Schematic appearance of the
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tiniteleri Sekil 2” de goriilmektedir.

Bu cihazlarin, farkli hizlarda test yapilmasi imkaninin
kisitli olmasi, Tamburlu cihaza gore Diiz zeminli cihazin
en biiylik dezavantajidir. Ayrica cihazin kapladigi alan ve
bunun yani sira tagitin 10-15 km/h hiza ulasana kadar
alacagi yolun uzunlugu gibi faktérler tamburlu cihazin
uistiinliiklerini ortaya ¢ikarmaktadir.

3. YAPILAN YOL TESTLERi VE TEST
SONUCLARI

Ozellikle tamburlu tip cihazlarda, yol testi yapmadan
tagitin yaklagik frenleme mesafesini tespit edebilmek,
frenleme mesafesinin  farkli  pedal kuvvetlerindeki
etkilerini tespit etmek icin bu testler yapilmistir.
Otomobiller iizerinde yapilan yol testlerinde oldukca
komplike ve maliyetli cihazlar kullanilmaktadir. Yol
testleri T.S 5880 ve ISO 6597 standartlarindaki soguk fren
etkinlik testi prosediiriine gore yapilmistir. Test yapilirken
kullanilan diger yontemlerde  birbirine muadil olan
araglarin fren performanslari karsulastirilmigtir.

Fakat kullanilan yeni yontemde ayni tasitin farkli
frenleme pedal kuvvetlerindeki degisime gore aym
sistemin performansi degerlendirilmisitr. Gelisitrilen yeni
test yontemi ile 6zellikle fenni muayene amagli yapilacak
testlere zemin hazirlanmigtir. Testlerde farkli arag
hizlarinda kademeli fren pedal kuvveti ile elde edilen
frenleme mesafeleri ve frenleme siireleri tespit edilmistir.
Yeni yontemin Ozelligi olan kademeli pedal kuvveti
uygulamasi ayni aracin farkli durumlardaki fren

performansini ortaya koymaktadir. Testlerde kullanilan
test yonteminin giivenilirligi, farkli yontemlerle yapilmis
sonuglarinin

olan test sonuglar1 ile bu deney
karsilastirilmasi sonucu ortaya ¢ikmaktadir.

Driving / Siirfis
Line istikameti

system and its units has been seen in Figure 2.

The most important disadvantage of flat plate system
compared to roller type is that the possibility of making
test at different velocities with these systems is limited.
Furthermore factors such as the containing area of the
system and driven road length as long as the vehicle
reaches to 10-15 km/h velocity have carried out the
advantages of roller type.

3. ROAD TESTS APPLIED AND TEST
RESULTS.

Especially at roller type system, these tests were
applied to determine the approximate braking distance and
the effects of the braking distance on different pedal
forces, quite complex and expensive systems have been
used at the road tests which made on the vehicles. Road
tests were applied with respect to cold brake effectiveness
test in TS 5880 and ISO 6597 standards brake
performance of the equal event vehicles to each other were
compared in the other used methods during the test.

But in this new method the performance of the same
system was evaluated with respect to different braking
pedal forces of the same vehicle. Developed new test
method has laid the groundwork for tests especially with
the aim of technical repairing. Braking distance and
braking time are determined by graded brake pedal force
at different vehicle velocity in tests. The graded brake
pedal force application which is the feature new method
has offered the brake performance of the vehicle at
different states. The reliability of test method used in test,
is determined by test results made with different methods
and comparing these results.

Sekil 2. Platform (Diiz zemin) fren test cihazi(13)
1. Platformlar

2. Agirlik gostergeleri

3. Piiriizsiiz platform

4.Platformbaglantilar

5. Dayanma rampast

6. Baglant1 kablolar

7. Bilgisayar ekrani.

Figure 2. Brake Tests System of Platform (Flat -Plate) (13)
1. Flat plates

2. Weight display

3. Smooth flat-plate

4.Platform connectors

5. Slope

6. Connecting circuits

7. Computer screen
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3.1. Materyal ve Metot

Yol testlerinde; standartlara uygun olarak maksimum
hizin % 30, 55, 80’i ve saatte 80 kilometre hizlarda testler
gerceklestirilmistir. Yiizde oranlar test aracimiz igin 50,
80, 90 ve 120 km/h hizlara karsilik gelmektedir. Her hiz
i¢in 60, 120, 180, 240, 300 ve 350 N pedal kuvvetlerinde
olmak iizere, deneyler yapilarak her frenleme i¢in durma
mesafesi ve durma zamani Olglilmiistiir. Standartlarda
belirtilen deneyler esnasinda maksimum pedal kuvvetinin
S00N’u agmamast gereckmektedir. Testlerde tasitin
maksimum pedal kuvveti 350N’a kadar cikmaktadir.
Uygulanan pedal kuvvetinde ara deger kullanilan aparatin
yapilis Ozlliginden dolayr 60 N aralik olarak tercih
edilmistir. 60 N’luk bir deger aralig1 alinmasinin 6zellikle
bir sebebi bulunmamakla birlikte, farkli aralik degerleride
tercih edilebilir. Karayollarindan alman asfalt yolun
Ozelliklerinde, testin gerceklestirildigi yolun tutunma
katsayis1 (f') ~ 0.60-0.70 oldugu belirtilmistir.

Test esnasinda arag¢ yiiksiiz durumda, fren sistemi
sicakligl 20 °C, yol sicakligi 15 °C ve soguk frenlerle
frenleme iglemi gerceklestirilmistir. Fren test cihazi
tizerinde pedalin pozisyonuna gore uygulanan kuvvet
tespit edilmistir. Her deneme esnasinda fren test cihazinda
elde edilen frenleme kuvvet olusumu pedalin ayn
pozisyonunda meydana gelmistir. Buna gore Sekil 3’ de
goriilen aparat yapilarak pedalin herhangi bir pozisyonuna
karsilik gelen pedal kuvveti degerleri bulunarak iizerinde
isaretlenmistir. Frenleme esnasinda 60 N ile 350 N arasi
pedal kuvveti aparatta kademelendirilerek testler 6
kademede gerceklestirilmistir. Kademelerin hepsinde
panik frenleme seklinde frenleme gergeklestirilerek, bu
esnada gecen siire de frenleme siiresi olarak tespit
edilmistir.

Test igin Ankara Ili Gélbasi Ilgesi simirlarinda bulunan
Karayollart Genel Miidiirliigii Cevre Yolu kullanilmistir.
Hava sartlar1 test igin uygun olup testler kuru zemin
sartlarinda gergeklestirilmistir. Testlerde 1993 Model
Sahin marka bir otomobil kullanilmistir. Testler siiriicii ile
birlikte iki kisi ara¢ icinde bulunmus ve aracin deposu
(351t) yakat ile dolu iken yapilmistir.

Brake
Pedal
[ ]
Fren
120 +0 pedalina
180 L O takilan
240 1 O kisim
300 O
350 10 ] 3@
O E 4
— D

A

Figure 3. Apparatus which is developed for experimental
Sekil 3. Deneyler i¢in gelistirilen aparat.

3.1 Material and Method

At road test, as fit to the standards, tests are velocity
realized at 30, 55, 80 percent of max velocity and 80 km
velocity per hour. Percentages is equal event of 50,80,90
and 120 km/h velocities for our test vehicle for all
velocities at the pedal forces 60,120,180,240,300,360 N,
stopping distance and stopping time are measured by
making experiments for each breaking. During the
experiments which is defined at standards max. Pedal
force must not exceed 500N. Max. pedal force of the
vehicle has raised up to 350N. Break value at applied
pedal force is preferred 60 N distances because of the
construction feature of the apparatus. There is no a special
reason for taking the value distance as 60 N. Another
distance value can be taken as well. Adhesion factor of the
road that the test is applied has been defined as ( f) 0,60-
0,70 in the features of paved road of highways.

Braking process is realized with cold brakes at 20 C
brakes system temporary, 15 C road temporary and load-
free state of the vehicle during the test. Applied force
determined by the position of the pedal on brake test
system. Braking force formation which is obtained on
brake test system form at same position of the pedal
during each application. The pedal force values equal
event to any position of the pedal are marked by making
the apparatus which is seen in Figure 3. Pedal force
distance between 60 N and 350 N was realized at 6-grade
by being graded at the apparatus. Braking is realized at the
form of panic braking in all grades and time lasted is
determined as braking time at this moment.

Road of Highways Institute in Golbasi, Ankara was
used for test. Whether conditions are suitable for test and
tests are made in dry floor conditions. 1993 model Sahin
automobile was used in tests. There were two persons
drivers included in the vehicle and oil tank of the vehicle
was 35 It. of fuel.

| Steering

Direksiyon kovanina
takilan kisimg
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3.2. Yol Testlerinde Kullanilan Ekipmanlar

Test esnasinda, frenlemenin basladigi noktadan aracin
durdugu yere kadar olan mesafeyi 6l¢mede kullanilan serit
metre, Frenlemenin bagladigi andan itibaren gegen
frenleme siiresini tespit etmek i¢in kullanilan kronometre,
uygulanan pedal kuvvetini tespit etmek i¢in gelistirilen
aparat (Sekil 3) kullanilmistir. Tasitin hiz1 arag {izerindeki
hiz gostergesi (kilometre saati) ile belirlenmistir. Frenleme
baglamadan 6nce ve frenlemeden sonra fren
donanimlarinin sicakligini tespit etmek icin kullanilan bir
termometre.

Frenleme esnasinda frenlemenin basladigt noktay1
tespit etmek i¢in kullanilan basingli boya tiipli ve buna
bagli  bulunan elektrikli kumanda  mekanizmasi
kullanilmigtir. Tasitin zeminine yerlestirilen boya tiipii ve
buna bagli olarak bir elektrik salteri bulunmaktadir.
Frenleme esnasinda siiriiciiniin pedala basmas: ile pedalin
ilk harekete gegmesi esnasinda salter devreyi acarak yol
iizerine boyay1 pliskiirtmektedir. Tasitin durdugu nokta ile
boyanin isaretledigi nokta aras1 frenleme mesafesi olarak
tespit edilmektedir. Bu aparat yerine basingli olarak boya
piskiirten bir pompada kullanilabilir. Fakat pompanin
yeterli mesafede yol yiizeyine yaklagtirlamamasi test
sonuglarin1  degistirmektedir. Boya tiipii sisteminde,
sistemin boya piskiirten {initesinde siirekli basingh
boyanin bulunmast ve zemine yeterince yakin olmast ile
degerlerin daha dogru Olgelebilir olmas1 bu yontemi 6n
plana ¢ikarmistir. Test tagitinin 6zellikleri Cizelge 2° de
belirtilmistir.

Table 2. Test vehicle properties (14)
Cizelge 2. Test tagitin 6zellikleri(14)

3.2. The Equipment Used At Road Tests

During the test, tape measure was used to measure the
distance from starting point of braking to stopping point of
the vehicle. A chronometer was used to determine braking
time passed from the starting moment of braking on. A
develop apparatus (Figure 3) was used to measure the
pedal force. The velocity of the vehicle was determined by
velocity indicator on the vehicle. A thermometer was used
to measure the temperature of brake equipments after and
before the braking.

During the braking in order to determine the starting
point of the braking, pressurized point tube and electrical
control mechanism which is connected to paint tube were
used. There were a paint tube placed on the floor of the
vehicle and a electrical switch connected to the tube. The
switch has been sprayed the paint on the road opening the
circuit during the first movement of the pedal by means of
pressing the driver on the pedal. The distance between the
stopping points of the vehicle end the point marked by the
paint has been defined as the braking distance. In stead of
this system, a pump that sprays pressurized paint can be
used. However the test result can change because of not
being approached of the pump to road surface in sufficient
distance. In the system of paint tube, the measurability of
values as more correct by means of the existence of
pressurized paint continuously in the unit that sprays paint
and the closeness of the system to the floor sufficiently
make the system as primary importance. The features of
test vehicle were defined in Table 2.

Trademark/ Marka Tofag
Model/ Model Sahin 1993
Max. Vehicle speed/ Max. Tasit Hizi (km/h) 165
Wheel diameter/ Tekerlek Boyutlari 165R 13
Brake system/ Fren Sistemi Front/ On Fren Disc / Disk

Rear/ On Fren Drum/ Kampana
Wheel pressure/ Lastik Basinglari 2,02 bar (30 Ib/ing?)
Wheel properties/ Lastik Basinglari 165/65R 13
Wheel cog depth/ Lastik Dis Derinligi 9 mm

3.3. Yol Testlerinin Yapilis1

Test aract  deneylerden Once, fren sistemlerinin
kontrolii, siiriiciiniin test sartlarina motivesi ve sistem
elemanlarinin test sicakligina ulagmasi i¢in 3 ayri durus
seklinde frenlenmisgtir. Frenleme esnasinda motor ile vites
kutusu arasindaki hareket kesilmistir. Testler siiresince

higbir yavaglatict ve ABS sistemi kullanilmamistir.
Frenleme esnasinda frenleme durumunun Onceden
belirlendigi ve frenlemeye hazirlikli olarak

beklenmesinden dolay1 reaksiyon siiresi en aza inmistir.
Diger yontemlerde ayni hizda ve panik frenleme seklinde
farkli araglar iizerinde deneyler yapilarak durma
mesafeleri  karsilastirilmaktadir.  Fakat  uygulanan
yontemde ayni arag i¢in farkli pedal kuvvetlerinde olugan
frenleme kuvvetine bagli olarak degisim gosteren durma
mesafeleri karsilagtirilmistir.

3.4. Test Sonuglar:

50, 80, 90, 120 km/h hizlarda yapilan testlerde

3.3. Making of Road Tests.

Before the experiments test vehicle was broken in three
different ways in order to provide the control of brake
systems and motivation of the driver for test conditions
and system elements to reach to test temperature. The
movement between the engine and the gearbox was cut
during tests. No any ABS system and slow downer was
used during tests. Reaction time was reduced to the
smallest value of it by being ready for braking and the
determination of braking way before. Stopping distances
have been compared with the experiments made on
different vehicles with panic braking and at same velocity
in other methods.However at the method applied; stopping
distances which can change with respect to the braking
force formed on different pedal forces for the some
vehicle were compared.

3.4 Test Results

Stopping distances and times of the vehicle were
determined at graded variable pedal forces for 50, 80, 90
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kademeli degisken pedal kuvvetlerinde aracin durma
mesafeleri ve durma siireleri tespit edilerek, degerler pedal
kuvveti- frenleme mesafesi ve pedal kuvveti- frenleme
siresi  grafikleri  iizerinde ifade edilmistir(Sekil
4,5.).Testlerin yapildigi yolun tutunma katsayist 0.60
civarinda belirtilmistir(11). Pedal kuvveti 350 N degerine
ulagsmustir.Fren sistemi biitliin  hizlarda ayn1 pedal
kuvvetinde aymi frenleme kuvvetini olusturmaktadir.
Yapilan testlerde, pedal kuvvetinin artisina bagli olarak
elde edilen frenleme mesafesi ve frenleme siiresi
azalmaktadir. Yiiksek hizlarda tasitin sahip oldugu kinetik
enerji ve tasita etki eden direng kuvvetleri degisimi daha
fazla oldugundan hem frenleme mesafesi hemde frenleme
siiresi degigimi fazla olmaktadir.

Testler arasindaki kiiciik deger farkliliklarmin
sebepleri; yapildigi zemin, hava sartlari, tekerleklerin
ozellikleri ve deney yontemlerinin farkliliklar1 seklinde
ifade edilebilir. K.G.M. testleri ile yapilan test
sonuglarinin karsilagtirilmas1 Sekil 6’da goriilmektedir.
Sekilde egrilerin yaklasik olarak paralel oldugu, aradaki
farkin nedeni test araglarinin frenleme performanslarmin
farklt olmasidir. Deneylerde temel kriter tasitin hiz
degisimine karsilik gostermis oldugu durma mesafesidir.
Standartlarda hiz sinirlamasi getirilmesinin temel sebebide
budur. Yapilan deneylerde durma mesefelerinde ki
degisim hiz degisimine gore biiyiik bir sapma
gostermemektedir. Diger deneylerde de degisim aym
egilim igerisindedir. Grafikler iizerinden elde edilen egilim
fonksiyonlarmm da ayni olmas: elde edilen verilerin
dogrulugunun bir gostergesidir. Hiz degigkenin asil
parametresini olusturmakta buna gore asil degiskende yol
yani durma mesafesi olmaktadir.

Tasit hizinin artmasi ile durma mesafesinin artmasi
kagmilmazdir. Otomobillerin iiretim sonrasinda sahip
oldugu performans egiliminin kullanim esnasinda da ayni
kalmas: istenilen bir durumdur. Fakat fren sisteminin
verimliliginin diismesi ile bu egilimin de degisecegi bir
gergektir. Bakim ve onarimi siirekli yapilan bir otomobilde
performans kaybinin her hiz sartinda sabit kalmasi en ideal
durumdur. Sadece degisim etkinlik kaybindan dolayi,
durma mesafesinde bir artis olarak goriliir. Sekil 6 da her
iki yontem sonucunda elde edilen durma mesafelerindeki
degisimin temel sebebi budur. KGM tarafindan yapilan
test ile bu c¢aligmada yapilan test arasindaki durma
mesafesi farkliinin nedeni fren sistemlerindeki etkinlik
kaybindandir.

and 120 km/h velocities. The values were defined on the
graphs of pedal force versus braking time (Figure 4, 5).
Keeping coefficient of the road on which the tests are
made was taken about 0, 60 pedal force at same pedal
force at all velocities. In tests, braking distance and
braking time has reduced as depend on the increase in
pedal force. At high velocities the changes of both braking
distance and braking time are higher because the changes
of kinetic energy of the vehicle and of resistance faces that
affect on the vehicle are higher.

The reasons for small differences between tests are the
differences in floor air conditions the features of the
wheels and the methods of experiment. A comparison
between results of Road of Highways Institute tests can be
seen in Figure 6. In that figure curves are approximately
parallel to each other. The reason for the difference in
between each other is different braking performance of
test vehicle. In experiments, main criterion is the stopping
distance of the vehicle in response to the change of
velocity. This is the main reason for velocity limitation at
the standards. In experiments the change in stopping
distance doesn’t show big differences compared to the
change in velocity. The change in other experiments also
has same tendencies. The same tendency functions
obtained on the graphs show the truth of the datas. The
velocity is main parameter of the variable and according to
this main variable is the stopping distance.

It is inevitable that the stopping distance increases with
the increase in the velocity of the vehicle. The
performance tendency of automobiles after production is
desired to remain constant during usage as well. But this
tendency will reduce with the decrease in the efficiency of
the brake system. It is the must ideal state that the
performance loss of an automobile whose maintenance
and repairing are made continuously remains constant in
all velocity conditions. The change is shown as an
increase in stopping distance because of effectiveness loss.
This is main reason for the change in stopping distances
obtained at the results of two methods in Figure 6. The
reason for the differancy the in stopping distance between
the test made in this study and the test made by Road of
Highways Institute (RHI) is effectiveness loss in brake
systems.
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Figure 4. Variety vehicle speed obtained pedal forces-braking distance graph (15)
Sekil 4. Degisik hizlarda elde edilen pedal kuvveti-frenleme mesafesi grafikleri(15)
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Figure 5. Variety vehicle speed obtained pedal forces-braking timing graph (15)
Sekil 5. Degisik hizlarda elde edilen pedal kuvveti-frenleme siiresi grafikleri(15)
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Sekil 6. Egilim ¢izgisi kullanilarak hesaplanan fonksiyon grafigi.

4. SONUCLAR 4. RESULTS

Yapilis sekillerine gore fren performans testleri kendi
arasinda yol ve cihaz testleri olmak {izere iki ana gruba
ayrilir. Fren performans testlerinde temel degerlendirme
kriteri durma mesafesi oldugundan, bu ¢alismada durma
mesafesinin dogru ve giivenilir dl¢iilebilmesi amaciyla yol
testleri tlizerinde durulmustur. Cihaz iizerinde yapilan
testlerin 6zelliklerine bakildig1 zaman, yol testlerinin cihaz
testlerine gore daha maliyetli, daha zor ve daha ¢ok zaman
gerektirmektedir. Bu durum yol testlerinin, 06zellikle
iiretici firmalar tarafindan seri liretim asamasinda her arag
icin uygulanmasmin zor oldugunu, cihaz {iizerindeki
testleri her tasita, yol testlerinin ise belirli araliklarla
iretilen  araglara  uygulanma  durumunu  ortaya
cikarmaktadir. Fakat yol testleri daha kesin ve giivenilir
sonuglar vermesi sebebi ile proje ve iiretimin asamalarinda
cihaz testleriyle birlikte kullanilmaktadir. Yol testleri
gercek sartlarda yapildigindan daha dogru sonuglar
vermektedir.

Motorlu tagitlarda iretim ve iiretim sonrasinda yapilan
fren performans testleri tasit giivenligi agisindan ¢ok 6nem
ifade etmektedir. Testler yapilirken uyulmasi gereken
standartlar ISO ve TS olarak incelendiginde aralarinda test
cesitleri ve yontemleri olarak bir fark goriilmemektedir.

Durma mesafesi bir tasitin fren performansinin 6nemli
bir gostergesidir ve tiim fren sisteminin verimini ortaya
koymaktadir. Degisik fren sistemlerinin verimlerini
belirlemek amaci ile fren durma mesafelerinin
karsilagtirilmasina iligkin testler, yararli sonuglar ortaya
koymaktadir. Ancak daha giivenilir degerlendirmeler
yapmak igin ayni tasitin ayni parametrelerle deneylerinin
yapilmas1 gerekmektedir. Ornegin kullanilan test yontemi
ve ekipmanlarinin degisimine gore sonuglar farklilik arz
edebilir.

Brake performance tests are separated into two main
groups by the making way as road and system tests. In this
study, road tests were focused on in order to measure the
stopping distance more correctly and reliable because the
main evaluation criterion is the stopping distance in brake
performance tests. Road tests require more time and cost
and they are more difficult compared to system tests when
the features of the tests made on the system are looked at.
This state shows that road tests are difficult to apply for
each vehicle during mass production by especially
producer firms. So road test can be applied on the vehicles
which are produced with certain periods on the contrary.
System tests can be applied on each vehicle. Roads tests
give more correct results because of this. They have been
used together with system tests in the positions of protect
and production.

As far as vehicle safety is concern, brake performance
tests made after and before production are very important.
At ISO and TSE standards which is necessary to apply
during tests. There are no differences in the methods and
kind of test.

Stopping distance is an important indicator of brake
performance and it determines the efficiency of the all
brake system. Comparison tests for brake stopping
distance in order to determine the efficiencies of different
brake systems are very useful. However to make more
reliable evaluations, test should be made with same
parameters for some vehicle. For example different test
method or equipments cause different results.

During the usage and maintenance of the vehicle after
production, system tests are used to control the
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Uretim asamasindan sonraki tasitin  kullammi ve
bakimi esnasinda ise, tasitin sahip oldugu performansin
kontrol edilmesi amaci ile cihaz deneylerinin kullanildigi
tespit edilmistir. Bu tiir fren performans deneyleri fenni
muayene ve bakim sonrasi yapilan testler seklinde
isimlendirilebilir. Test yontemleri incelendigi zaman
standartlarin yol testlerine gore tespit edildigi, cihaz
testleri igin ise belirli bir standardin olusturulmadigi
goriilmektedir.

Yol testleri yapildig: iilkelerin sartlari ve firmalarin
isteklerine gore farklilik gostermektedir. Ayn1 zamanda
yol testleri yapilirken uyulmasi gereken standartlar da
bulunulan iilkenin kanunlarina gore  degisiklik
gostermektedir.

Testler esnasinda birgok parametre degisken olarak
kullanilabilmektedir. Testi yapan kisinin elde etmek
istedigi sonuca gore kullanacagi parametreler farklilik
gostermektedir. Standartlarda dis derinligi, lastik hava
basinglar1, 6n diizen geometrisi, yol ile zemin arasindaki

tutunma ve buna benzer faktorlerin durma mesafesi
iizerindeki etkileri konusunda bir aciklik
bulunmamaktadir.

Ozellikle {iretim sonrasi bakim ve muayene amagh
testlerde iiretici degerleri kullamlmaktadir. Uretim
asamasinda yapilan degerlendirme ise hem giivenlik hem
de rekabet sartlar1 olmaktadir. Optimum frenleme
mesafesinin ve siiresinin miimkiin oldugu kadar kisa
olmas1 istenmektedir. Testler esnasinda tasit kararlilig
degismemelidir. Testler esnasinda oOzellikle yiiksek
hizlarda frenleme esnasinda tasit kararliliginin ¢ok ¢abuk

degismesi yol testlerini ister istemez tehlikeli hale
getirmektedir.

Giiniimiiz fren performans testlerinde kullanilan
ekipmanlarin  hassasiyetleri ve Ol¢iim kapasiteleri

iyilestikce elde edilen degerler o derece giivenilirlik
icermektedir. Bundan dolay1r iiretici firmalar kendi
tagitlarin1  6zelliklerine uygun ve iizerinde arastirma
yaptiklar1 parametrelere goére ekipman iiretmektedirler.
Testlerde ekipman verimliligi de yapilan deneyin verimi
kadar oOnemlidir. Bundan dolay:r kullanilan ekipman
parametreleri  {izerine  de  aragtirmalara  ihtiyag
duyulmaktadir.

Farkli test yontemlerinde elde edilen durma mesafeleri
tagitin Ureticisi tarafindan verilen referans degerler ile
karsilastirilarak frenleme performanst hakkinda yorum
yapilirken, yapilan ¢alismada kullanilan yontemde farkli
frenleme durumlarindaki degerler arasinda da inceleme
yapma imkani olmaktadir. Genel olarak uygulanan test
yontemi iiretim agsamasindan sonra tasitin muayene amacli
yapilan testlerinde kullanilabilecek bir yontemdir. Ayni
zamanda {iretim asamasinda yeni tasarlanan bir aracin
farkli durumlarda ki frenleme performansin tespit etmede
de kullanilabilecek bir yontemdir.

Yapilan arastirma sonucunda, elde edilen degerlerin
dagilimi diger c¢aligmalarla biiyiikk oranda parelellik
gostermektedir. Fakat 6l¢lim yontemlerinde artik mekanik
veya hidrolik sitemler giin gectikge azalmakta oldugundan
dolay1 daha hassas Olciim gergeklestirebilen elektronik
kontrollii sistemler gelistirilmektedir. Ozellikle tasit test
diizeneklerinin giin gectikge elektronik donanimli hale

performance of the wvehicle. This kind of brake
performance experiments can be named as tests made after
physical repairing and maintenance. When test methods
are investigated. It is seen that standards are determined
by road tests but there is no standard for system tests.

Road tests have differences with respect to desires firm
and the rules of country in where the test is made,
parameters show differency with respect to the result that
tester wants to obtain. There is no clearness at standards
about wheel air pressure cog depth front order geometry
holding between road and floor and so on.

Producer values have been used at tests with purpose of
maintenance and repairing after production. But during the
production, both safety and competition condition are
important. Optimal braking distance and time are wont to
be as short as possible. The stability of the vehicle must
not change during tests. At the moment of breaking
especially in high velocities the change in the stability of
the vehicle readily make road test dangerous.

In today’s performance tests the equipments which are
used at the brake performance tests have the sensitiveness
and measurement capacity the more reliable the results the
more reliability values obtained better contain have
values. Because of this producer firms produce the
equipments as fit to the features of their own vehicles and
the parameters that they study on. Efficiency of equipment
is also as important as the efficiency of the experiment.
Therefore researches are also required on equipment
parameters.

Braking performance can be evaluated by comparing
the stopping distance obtained in different test methods
with the reference values given by producer of the vehicle.
Furthermore it is possible to make investigation between
the values in different braking states in the method used in
the study. In general test method applied is a method
which can be used at repairing tests of the vehicle after
production. It is also used to determine the braking
performance of new design vehicle in different states
during production.

In the result of the investigation the values obtained are
parallel to other studies. However systems with electronic
control that can make more sensitive measurement have
been developed because mechanic and hydraulic system
have been reducing in measurement methods. Especially
the conversion of vehicle test equipment to electronic state
both makes shorter test times and provides the values to be
more sensitive. More developing equipment will provide
to obtain better results in evaluation of vehicle brake
performance in similar studies.

As a result of tests made it has been seen the
applicability of test method made by exist conditions and
equipments.



An Experimental Investigation of Stopping Distance .../ Otomobillerde Fren (Durma) Mesafesinin... 165

doniismesi hem test siirelerini kisaltmig, hemde elde edilen
degerlerin daha hassas olmasini saglamistir. Benzer
caligmalarda kullanilacak daha gelismis ekipmanlar tagit
fren performansmin degerlendirilmesinde daha iyi
sonuclar elde etmemizi saglayacaktir.

Yapilan testler sonucunda da yine, mevcut sartlar ve
ekipmanlar ile yapilan deney yonteminin uygulanabilirligi
gorilmiistir.
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