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ABSTRACT

Thermal strains of disc brakes and their influences on the braking efficiency are representing
one of the greatest problems during the vehicle exploitatiba.chuse of the brake heating
problem is explained in PhD thesis, as well as its consequence on the braking system
functionality, and even on the traffic safety. Results of this PhD thesis are reflected in the
development and realization of the specifist tég for investigation of disc brakeds thermal
stresses, which was applied to obtain experimental results used in the analysis of the influence
of operating braking parameters on disc brakes. Experimental tests of the disc brake were
performed according the tests defined in the doctoral dissertation. According to the developed
tests, various laboratory tests were performed, as well as determining which of the
independently (input) variables, such as the initial speed of the simulated vehicle, braking
pressure and vehicle mass quarter, has the greatest influence on the output parlameters
temperature of the braking disc and braking pads, braking torque, friction coefficient and
stopping time.

In line with advances in technology and the numerical tamisélving various engineering
problems, the ANSYS software package, Transient Structural module, was applied in PhD
thesis in order to develop the model for the representation of disc brakebs thermal behaviour.

The analysis on the thermal stresses wa®peed on a virtual model that dimensionally and
according to the characteristics of the applied materials fully corresponds to the real model, and
the boundary conditions were the same as in the case of the laboratory experiment. Such
analysis is used tetermine the discrepancies between the results obtained experimentally and
numerically, as well as to determine whether the developed numerical model can be
successfully applied for further research. The developed model had deviations within the
allowed Imits, so it was used for the analysis of two more disc brakes, which differed in the
construction of the disc ribs. The rib shapes used in the brake disc are: radial, curved and pillar.

Today, brake discs are expected to dissipate as much heat asepossithle environment, that

is, to have the capability to provide better cooling for a wide range of speeds. Through the
analysis performed in the ANSYS software package, using the Fluid Flow (Fluent) module, it
has shown that the shape of the ribs gyesdtects the heat dissipation, as well as that the brake
disc with curved ribs heats up the least. Results of the analysis show that the brake disc with
curved ribs provides to the air to pass with high speed between ribs, and in that way, the great
amoun of heat is dissipated into the environment. In order to predict the temperature values at
the most loaded part of the brake pad, a model with-&ogiiracy prediction was developed,

in which the following factors were varied: vehicle mass, moving sjpeaking pressure, and
stopping time.

Results of this PhD thesis, such as the realized test rig and numerical model, can be used by
companies engaged in the production of brake discs and brake pads, with the aim to predict

their behaviour in the exploitat. Also, the obtained experimental results can be used to create

of virtual models for disc brakeds testing. The virtual model developed for the purposes of this

PhD thesis, can be used to develop/improve the brake disc and brake pads in order to reduce
development costs.

Key words: experimental research, test rig BRAKE DYNO 2020, numerical research, ribs
shape, ventilated brake discs
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GOYEjLOSO, O LOSqd HEZOL] o HE S jtsdduSse LOMSEO di0sjied 0z0 Ctsydise HAMSO. LESHEH
s500Sote tfishse 2 juse Sty S0, &0 Cahs0Chhks” ot did Stykse HAMSO dGsXj HES<d HE fis 0o
&Okdn HClsdi0 (Gotftehidde) [33], 0 & ftkzy0‘z HO *j Sybd HAMS d HO™j dLdsy jb se0Cetsd
odHlz IsjtedsduStse GOtfte jLO<0, HkOL] HE Pdtej<0 YizChlsdkd d 0 SOz d HE @sd0 [34].
vkots™ js ‘J HO IsjtesBjrOGAUSO &0t jL0<0, k& fEkzyo jod0 Ybhkse™ jkse Styi<o,
tlejBOP L I cteOdfylz B juj<o 4O HOBsd SEuwss HATSE. 0SSR RE0" j0, & Seyisd HAMSE i
Gitjled Pz LOSNSOR] GOt 4O e0Sddh GOt jHEA®R SEYJS j& HEEOL] His istsetse LOGE 0050
Cols0Chtzj tfeothdhj Soybse HANSO, Okd d&J d ekOoydid HAMSO. Medkisds HBEOL] HE
tOLEydlsse Pais 0 Hjtse0 Sytse HAMSO, Pists HsasHA HE K0SadR HjWSEBOY 0 S j 508s"
tstsetz ttetslzLssCEa0ksd Ut 0ok dOtfiehkd:0.

ssts’j sted] Gz0y0 LO fytfte ju0o0< j s 00 Isstfiskdis Yy 0 Ssydse HAMSO [35]:
1. 0 <05 j cw0hdyj sjujSo d Lot yotshiss<, dols jisd 00,
2. O J< j b jdtjcObls j 2 Sk ety jio Ssyj<o d
3. Hieskji0 CoBisebSyd | Ssubse HAMSO & ydPk jtdBdedoso HjWsekoydo ted
SsYiskdss Pdisj< L SEyBse HARSO.
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Vs jctjH o OGOLALO HENOHOP S R, dlsE0>1de0<0 b satofisd IS jedduSdr GOt jL0S0
WisdSyOshse 00 HARS SEyBayj

RLBjG000< j 5’00 fizCslsd®z0 iz jH LOGE jo0<0 Cydse HAMSO d tfiesdisj< 0 tOHGj SBEOMsH
d ted edhdds ksidstfiteOlzte030, diselz<i ‘J Yedz ksl S0Sodm Ok 0k0 ¢&°'d &elz HO
JWASOnES ©OHJ d &0 LiokEs adhdd ks jdtf.it0skze0d0 [36], 0kd bt HsesH] HES st jBj HO fj
Hitsed §°d M &0Z0L]  Gitfshts jHes” BzdLdtkd HAMS Stykdyd LONkdls SH Isstislsd.

2.2 ¢G0kdlsdyso dhiste0>do0<0

2.1.1. vOdM¥stedkOyd 0 jdaj tecd "  j

suld fdfisits & Hzhldkd koo ™0 BiROGALOB LO SEOGIWEERO] L jhited j. IsLdis
S5Cd; e js00 qdsd SaliaisuSl Jdjeed . dSsdodic0s jds Sutayo, k', ksCsds Sy 0, obLdis
ftists000 o St jauSO i jeed'0 fij lse0nwsekdj k& kstisst. 1050k fij bsyissd S50 *j
¢t tecon0 G0 Syt HAfSE o Ssybdd Yasudyodo EeRdYD b sCsedl. 60 Wikshit ‘J
fisLa0ls SO5 isad| LOCHH IS jsdSHABOBAS ), S5 df ckOnd: Artjecd 0 7j & B> hisestdisd tdlsd
bggblsdlsd, 8j< OGS ds>1] flej<d dL ‘jHibse SBEICO b Hiskedii. SOHO fiz & Yds0S E Soytdyd,
Gt jseuSO jhjeed 0 (isjkoyd'0 2.1) C&'0 fj ste0hWisthdh j & bstissl jHEoSo *j:

_m&# +J|/(}5 m@%f J

d m®D
2 2 2 ¢ mQ; ’

2

E,

0
9 (2.1)

GHJ Miz:
- - S0 jiijeod 0, J,

m- gOMO esLdw®0, Kg,

V - BieLd®0 Ctejls0< 0 osLdE0, m/s

J - ECYhkd dsdids didteyd’d sBtskdn OO oLk, MojHdl ®%O HAGOBUS

tfistziztfie judedS Sy jdse ssySo, kg-m?,

w - z60BE0 BieLd®0 SsySo, rad/s,

Iy - HJ@OBuSd tskiztfiejyddS ssyso, m, d

d - S jwdyd' jdis Zsdy0 0 satelstdn kom0, a/° 1.

S0Cts B ditsez0 HO fi sHts jHd Ststzdyddz0 Issiztsisj S0 f ¢ jdzjted J 40 o0Stsds Ssyditses HofClz,

0 ) sBLtE HO %O YizshduSdds osLdizd®e tishiss’j Stydkdyg 40 oo yjlsdted ssyso, Sdtjlsdyso

Jizitecd'0 &0 ‘JHhsd byl kiejs0z0 Bd B ‘JHZOSO yjlkotelsdld SdddisduSd Jodteed d
Yshdz0lste0ttse oBLdw0, dLis0M j&0 SOB:

E =0,25 5@%‘6 G:1250 16 V¢ (2.2)

LJLOyd'0 (2.2) tiejHisOe 0 qH jOLO fittzy0d’, tsHishts SOHO GO fio0Cd YOS Hjdlz'j isH' jHEOS
H s> otz OBLAEO 710 yjlsdisd SEYgo.

2.1.2 [Hte)' do®Ljddnfse] s O
Ve jlsfsis090 fij HO *j bt < j obLdt0 ded Sy ik Couhisousts, 10 & Hp0Ssd st jhtSl

ds>d HO Mg SHisjHd BeLdhO osLdk. TjEOyd'0 LO btejdizskzlz BoLdllz osLdd0 ‘j fiedSOLOGO
gLisOLB:
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Vs jctjH o OGOLALO HENOHOP S R, dlsE0>1de0<0 b satofisd IS jedduSdr GOt jL0S0
WisdSyOshse 00 HARS SEyBayj

V=

O &QJO

t
— (2.3)
t, -

GHJ Miz:
-t - ot SH tisyistise stejdlzlsto sy« o, s,
-, - 2SS otsjozg b0 050 SEyj<o, s,

-V, - tisydlsz0 BteLdw0 osLAO, m/s

LEOBEO BieLd®O SsySO, w, ‘J tiejHils0o™ j&0 ‘ JHEOYdbEES:
a t ¢
W= W T ¢ (2.4)
¢ o -
GHJ ‘§ 1, - eOE0 BBLAEO 5ySO G0 sy kSl ety o S50, rad/s

2.2.3 1j¥dddmo® | Ctds0oClso

A jizfuc0 HiesdLe jH it Isstisls j s * jHooyd otsjd 0 kit jH st <0 ‘ jHEOSO * j oLy Sy <0.
I jts 5o lsstfizst,j fj e jtsnd G0 Ssydd HARE, O Hf G0 Syt Hizsydy,. ed 0G0tdLd, SBAUES
g Cstedfijsj HeO o Isstftsisidn C&s0sko d st [37];
1. fj08th jt CEHISOSS T 6H fiz I it it0lslzts j Subse HAMSO o SoutdR Ytsyudyo ‘jHE0S o
2. Gjf0etsh jb Ck0Ck T ¢Hj LBSE WistehBde0S0 Isisj< ¢ sjt0t & Cuis0Skt, Sydd HAMS d
Coubj disuduj Gid0L ‘JHGOSE ks jdtjeokkil. LLhOL<d & SBLdE GifeEh jid
Cistps0Cs, S Wayd jdis ts0ntsH jiz kstiisk, s , PedCOLOt *j e jboyd) sa:

%O\
S _Xd O\j vy APO (2.5)

GHJ Miz:
- X, - Sstfizslsg0 jWkid 0 Seydse HAhSo, nm?/( Ls>),

- X, - bistfislt0 jWiend 0 Syt tasydyd, nm¥( Ls®9),
- A - Sts0Clstj et dizg Sydse HAMSO, m? df
- A - CtisoCistz fisetsP o Soubdn gisydye, m.

uistirskk0 JWeLd'0, x, i 0ulzt0 dedds jdisds & itoyd j:

x =4k Cc, (2.6)

GHJ Miz:
- r - clzhisd0, kg/m? d

LU kSl lesyio Ssyi<o, djH CtdloS0 HEkOLY His dOMs0HSO ROBOSO Nists Lo HieskLisSy' j s Oslz Ists j< e
b jt0. wtsj<j bt fij Momss'd SH i< jidn d LB jidn Shis0s0c0 ReBO<0 SEydss HAMSO d SoykdR disydvye.
A6zB fsclyj &z ssSlz ety 0 Ssuj<0 BlzHE Loyt di Stssso, HS Holstj uiiisdyj s L0k i &0
fsoehdtd died 1 L0 bz COBOEARO Sts'df ffz tOfsOd iy jH FOBOSO.
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Vs jctjH o OGOLALO HENOHOP S R, dlsE0>1de0<0 b satofisd IS jedduSdr GOt jL0S0
WisdSyOshse 00 HARS SEyBayj

C - M jydWauso ksizsko, J(kgt ).

10 SHiE " G0 j ¢t teclOt stfitsls j ssGsds st j< 0 G20 CtsOSIstalds isotsP dz0dk0 SEyliss HAMSO
q SybdR Ysydyo (zdSe 2.3), tisists jsis *j LGOd: SidSo * j ot jHEsHs S jWad jtiso sts <0,
BleLAlfzj SEALOO, ¢ s jbied  Ssydse HAMSO d Ssukds disudyo, SOs d LoftsH jik fedsdigo.
Byl fij 60Ld0E0"E HOO Isd0 EONYsH L] TedlsdiSo [38]:

U 600t jtetsO OO YissafiSO (SOHO * j fizsyayO tised):

P= Prae (2.7)
U tOodsd el R0BOS J (‘JHAEOUI®O 2.8).

0S5t BSHis " jiase B 0 S5yjS0 SOHO fj YiEsydyO Y080, 500" st wonYisH it Hedlsdhso fj
kL0 2 SBLAS *ji6 7 6OH iz se i< 0 s <000 SOHO fij OH O Ofsts ‘O j fise <000 df 0
C0'L 60ROt 'd tsis>0 odhj Esdyj &0 R0BOSj d isjistishs00s0 & t0atss s
OnYsHikd YedsdiSo odhyj &d'j fedRe0sde0. L ok fitzyd‘L LOMYSHEO HiedisdhSo o
fisudyd ‘J Yestsydstotud 1/t , 0 deShddotsd Hedsdhos fij 00 tisd r =t,.

W=k @ rOcomst pY paxzrr—z, (2.8)

GHJ Miz:
Proax - BOCHAd006d fecfsohOS GO Soydkdds tizsydyode, Pa,
W - 20BOS j, WP/
p - tedlsohoS, Pa,to tOHd iz 1, m @idSo 2.4).

HEASO 2.3 4 isBlsted 1S o jtdudt] Sutise HARGO d Syt fisydy [39]
2.2.4 1idzitedmOt | by dslk,]

Stsbs0SlsG0 fseshdko Ssydise HAMSO o SEYGAR YEsydyo JedSoLon0 *j &0 fkdyd 2.4. JLGS]
%0 fzdyd 2.4 tts jHis0o 20 L:
- T - tfieBhisttedk0 Yesd ik ?de0  tOHd 0ddsd tedoylz, m,
I, - Zalste0N < d £OH i) HASo, m,

[, - kiiZse0 S d 6OH ) fsydyg, m,
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e jotjH o 0BOLALO HEROHONS 4 dils0>] a0 0 k& SBEORIs] Is jistBduSdr GOYEjLOS0
WisdSyOshse 00 HARS SEyBayj

I3 - fifs 0P < d 6OHA Izf) HAMSO d Yzsydyd, m,

dr - jizjc jdis0tedzd teOH] Iz, m,

dA, - Jizjdsjieis0net0 et dio Syt fisydyg, m* d
dA, - jtiBjdusots0 tseteNdio Seybse HAMSO, nP.

HEdSo 2.4 B jtlsd SsulsoClst fsetNdi (0) Ssyso Hisydyd d (8) Ssusd HaS [39]
Viets 50 batzsts0N S j s s j S5°0 GORSO"j Iz SisdrisOSslz iz It j< 0 Sygse HARSO o Seytde
izsydyo (WiedSydstd tseteMdid) oulzao fid gedddsd tieoyd d (2.9) [39, 40]:

dE=dP =v dF rw @p ¢ rQi (2.9)
dE=dE, +dE, (2.10)

GHJ Miz:
- dE - el j0 lzsts0N < j Jhztecd”j S5°0 GOm0 j iz jH e jS O dLdsj” iz Hej tsetehdiz

Cs'J ShdLj ‘JHEO &z SHEhEZ %0 Hiskzelz s “jHdhkdyd ot &3 jd0, W,

dP - 060 kste j<0, W,

dF, - fdio tej<o, N, d

f, - Sts0Chd eos Yisydyd, rad

L ‘JHEOYdEd (2.10) dE, tfisjHiis00 0 etz jblz kutzk0N <  jijted j 0 Ssyldd fisydyodo,

0 dE, flesfibl LhiZse0n<] Jhjecd'y &0 Ssyssd HANSk titoydd (2.11) d (2.12)

it jHis09 0’ Cozdydtlz Otfsiase0h] stk G0 Stukdl Hisydyoso d Ssuksd HASE,
t6 it jSlsdots:

dE,=(1 -s) d® (1= 9- @ md, @ (2.11)

dE,=s 6P s Ow @G Odr (2.12)

wlzjHj<d Ss60C *j BHisj" o0 j lsstizsishise WikzSho L0 Ssybd HAMS o Souikj dtsudyd S5'd i
HIW TG j SOS SHST fisSHJ istonso ks jdst jis0blzs j of Cds0Cits Yot dizj f1o0S.j Stsdstfisda dds .
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Vs jctjH o OGOLALO HENOHOP S R, dlsE0>1de0<0 b satofisd IS jedduSdr GOt jL0S0
WisdSyOshse 00 HARS SEyBayj

uistfizsistad WiztzSh Syt fsudyg *j e jHijsoe™ ji s jzoyd 00 (2.13) d (2.14), 0 SEise HSO
t6jZOYd 00 (2.15) df (2.16).

ql(r,t):j—i: 1 s) r OmO P, (2.13)
U (r)=a,(r,0) £1 s) r Oy Om, (2.14)
()= 58 22 sor apo@p @.15)
Gz (1) = (1. 0) =£—;;50r G Op, (2.16)

GHY Miz:
q, - Isstfizslstd WirlzCh Syt tzsudyd, W/m?,
Oy, - Iststfizsistd WirlzSh LO Syl titrsydylz SOHO j t =0, Win?,
q, - Isstizsistd WizCho Syt HhSo, W/ne d
O, - btizsishse WizzCh Soydse HSo COHO ‘j t =0, W/n?.

uistisishd WikCh j s it LO w0kt skl wONYsH itk HiedisdhCo, & WetSyd'd ot jdjt0 d
eSSt Yleshit>doj , HES flj Ze0sb0 BELAEO ECEH ot jBjG0 HBOSE ] bitiH Hifise0
Cisyby0. TOH §'d Bise0islz’j g0 ste <0 &0Rs j SOCS fij Yise j<000 HleshjG?de0 I . usYisistd
WaECh) LO 0ot jiets ROBOS j *j & WhhSyd'd SH ot jd &0 d & LOadhd sH st jidoj I, 0
60H S5°q i ot j dffsd] Iz 6OHd Oeascs fh jisl.

sidz0lsted“z<d HAE Syddylz, HstOLd i HE LOSEZYSO HO tfishists d cteOH" Jdals Is jostf jteOlsizte j &z
el teshitd Sohks0Cshse ket0 fsydyd 7 . Ji"EZsdd, dilstodded<0o oL’z HO j
GteOHd" Jdls s jastf iteOsizte j &z g telz 7 “J LO&jogOEdo [41]. JoH] fd tieilsythis0a™0 HO Soydkj
fzsydyj GOEME yjisd feethdisd L HAMG, 40 fj Sskdydho sstissj Hjzd HO ssd
fsotehdtisds. JHOLE] MizjHd HO ‘j &OMSOZO Isttfizskd digi kz Ssybse HAMSO d fasydyo &
wiziSyd'd sH r, z (Yieshistted0 tfiesd jd 2 do0 2 0Shd 0ddsd tedoylz, m) d t, 0 d&j Loadhd SH
f.

2.2.4.1 106t jo0< j Stydkdn tizsydyo
adC0 2.5 diizhstelz’ j HosHAM jhLdtRORGd ssyiskstd tetBijd Stykse HAMGO. mjHEOYJE0

(. JhisOyddkotedise fietsos® j<0 bistfisls, S0 d ewokduhd htsed ek fd stfdhokd fdt<iz
dLteOLO tsH (2.17) HE (2.22):

KT 1@ " 1 Ty
4+ 2+ T =Py r<r.0 z ,t <0, 2.17
o B o & (2.17)
ur _
E HT HT; r 70 z ¢d,¢ O, (2.18)
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e jotjH o 0BOLALO HEROHONS 4 dils0>] a0 0 k& SBEORIs] Is jistBduSdr GOYEjLOS0
WisdSyOshse 00 HARS SEyBayj

l;}HHT HT: r 50 z¢de O (2.19)
Equ(r’t); z O,r, ¢ r®t O (2.20)
pz

ur_ ; z =d,r, £ rgt O, (2.21)
pz
T(r,z,0)=f(r,2) =§; ¢ rg0 z ¢d, (2.22)
Tommotau diryke a(r, ,) =4y (,.)[1 _ f’_]

(0) i Koupekiuja Konsexiuja

BT |—- hT.

Tomnorhu uryke q,(1)= qm[l - ,L]
(B) Konscmnua ‘ I Komaeuum
H3onarop T =0
wdS0 2.5 40dytd Eised LO Stk fisudyz: (6) H0stisd 0t Hedlsdhos d ()
E00HH e N0BOS
20600550t H , *j HOls te 0y s
h
H, = o (2.23)

10 t5jP000< j ot tfiesBizjds0 ‘j teddzj< jh0 qteddztsod WedSyd 0, 40 “J lsjdtfjteOlsizted Soydadm
iztsydyo HOlsO * JHAOYddsd:

r3 o

T(rnzt)=TA @rztinz,0rdroz 4
r, 0
ta

+a H TR &A(r.ztly,z, ) +r,ztl5,z,i)t glzd i (2.24)
00

tr;

+a, i A z.t1ri,0, o (r i)f o d ¢

or,
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GHJ Miz:
ri - JNs0yso o0ted 0BdL0 tfeshiststedz tesdid 2 dod  eOH] Oddsd 0oy, m,
zj - 9jPs0yS0 o0ted 0Bd10 tietshsttelz tesdjd > dod 2 0Shd Okdsd; HisOoylz, m d
t - 9JhOySo o0ted 0BdEO LO ots a3, S.

G(r,zt|ri,z fi) tisjuhs0e0 yedisel WetSyd ' $5'0 HOKO dLEOLEE:

G(r’z'tlri’z'ﬁ):éélm R( 4.1)R( &9 e Alt-) ?

. (2.25)
+é & R(bw )R 1)cos e cos
rinaN (B, N( 1) ;

cHifz: R (b 1) =S, 3( 41) -vY,( ) fistiseji0 WeaSyd 0 d b, *j sthse jt0 ot jHashs
HIz>] BOH Oase is0eN0. wistifse ] ote jHEshisd b, fiz YsLdlscion0 & j<0 * jHaoydi:

SY,- wW 9. (2.26)

SBisd< i Y00 jsted HJWABAPE i HieiSt jdoyd 0 (2.27) His (2.32):

$=6.%( 45) HY( £), (2.27)
Uo=8,34( 4r) -HIo( £) (2.28)
Vo =8, ( fr) HI.( L) (2.29)
Wo =6, %( 45) -HY( 4), (2.30)

B=H, 0, (2.31)

1 _p* b2
2

N(5,) - B(UZ- B)’

(2.32)
GHJ Miz:

NR (()) - ajhjdse j WzkSyd'J tieod otefsy d

Y, (@ - ajhjtsej WedSyd'j Hisze] otsfylsj.

astise it otejHashisd /1, HEZX Z tfs0oy0 d fisthlsodj WekCyd'j Hizx tisdoy0d z HisBd'0'L fij
i<k jzoyd 4:
gcosh,z; h, O

Z(h, 2) =)

" hovo (2.33)
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e jotjH o 0BOLALO HEROHONS 4 dils0>] a0 0 k& SBEORIs] Is jistBduSdr GOYEjLOS0
WisdSyOshse 00 HARS SEyBayj

uistfiise ] st jnashisd /7, hiz goLdbdadO 6N J<0 " JHaoydi:

sin(#,d,)=0Y £ =Tj£(n 8,1,2,.). (2.34)

1

1 Z f0ey0 i tiedds jdsts tsjzoyd’j (2.35) HEBA'O Gstek0:

2
q,
) . (2.35)
q,

060 jis0ts /. M SHs "Iz J iadds jdisds tej0yd 4
Im=R+% od 3 % b5 (2.36)
2.2.4.2 106t jo0< j HAME Sykdyo
A6hBE0 < fizdSk 2.6, B> fij LOS?zydlsd HO * j L0t j90 j &0 Sty HAMSE fdds jistdfuts

k fis0oy Z, 40 flj dL Isise OLisE0 LLgh0 LO OBOLdLl ok Yistsedso HATSO ( z, =d—22 .

1dZOyd 4 tejwOL0 kistfisisj LO Ssydd HANS, &0 shbselz HzdSd 2.5 iz tiejHhs0o™ jid dLisOLddzo
SH (2.37) HEs (2.43):

f
Townotan duyke 4, (7,1) = ¢y, (r)(l - t_}

b

z h, Txv Kongexkiuja
S — . . e e NWT,
p

Oca cameTtpHje

t
Torotu puyke ¢, (1) =gy, (1 - f—J

et TTT T T T e

(B) z
y ]7’ Tx
= — o —— \ - - - — - > cnmae

Oca'cumetpuje

azdS0 2.6 e0kduid Zhised LO Cykd HANS: (0) ot} jte0d tedlsdhOS d (B) Otk etk
~0BO< §

2:
pr 1
w2 or

==
%L”
& fis
~| 4

H n r<r;,® z £,1<0, (2.37)
M
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WisdSyOshse 00 HARS SEyBayj

% H,T HT,; r r70 z ¢z,t O, (2.38)

T :

E+HdT HT., r 50 z¢ za O, (2.39)
Moo 200 6 rgt o (2.40)
pz

T :

E+HdT H,T,;, z 33,1 r¢erae O, (2.41)

ur _ :

—=q,(rt); z =z, ¢ rgt O, (2.42)

T(r,z,0)=f(r,2) =%; ¢ ¢ rg0 z ¢d, (2.43)

0t0cjisoe H, *j HOIs te jz0ydf tsds:
h
Hy=—. (2.44)
kd

10 e jh i< J o tesBhjd0 Yloddizi jh0 ‘j KOS j qteddso0 WikSyd o, 40 ‘j lsjdtfitoksktd
Coydse HAMEO HOO dLisOL:

T,(rnzt)=TfH @rztnzQrdrz 4 |
rno
+T0ﬁ (ﬁnzatlrhzyo)rdm +| |
rn, 0

t 2

*aH T 8R(rztlna, ) +G(rztlg,z.i) glzd | (2.45)
00

th
+adeTu ﬁ (ﬁr,Z,tlrl,Zz, I) rdr d 'F
0o

tr;

+a,fy Ar.z.tiri.z, ), (r A)ridr dit

0r,

AHd G(r,zt]ri,z &) tfejuisOe 0 yeddsolz WekSyd'z €50 *j HOKO * JHaOydhsd (2.46):

G(r,zt|ri,z ,I«I)ZIIEGl(r,z,tm,z Q) rer a,

’ 2.46
1G(r.ztlri.z f); per a (2.46)
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WisdSyOshse 00 HARS SEyBayj
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6, (rztirz )= 2N g0 5 T (m) B(ny @Y g

m=1 mznk

cHiiz A(mr), A (mr), B(n 2) d B,(n 2 HjWdadnosd tiSs:

Alm )=y R 6w 1) R o). (2.49)
A M) =5y R (B DR o). (250)

B (n7)= (,1%) Z (M a) 2( A0 9, 251)
3(02)= iy 2 (A 2) 2( 0. e

istfilso it O HESTST b, O b, Tz LSOm0 B 0 fizjj<c ' JHEOUIEO:

22, 32,

A rR.(rnztlr 2,0iczd =i ri@(fjzilr 2.9 ¢ @ (2.58)
n o 2 0
- 2tz s 2, Zt|r .zi .
N r#Gl(r Zwlrlz D)r:rdedr: T JGZJZp,lr ZI()VIthtd" (2.54)
no 2 0
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GHJ iz YO0 jisted] oL * jHBOYAERO (2.54) df (2.55), e jHijsOe ™ jisd] tojOyd 0O SH (2.57) His (2.60):

Uo:blYoi( l}rl) 'HdYo( 1@), (25)
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sin(h,,2,)=0 Y 5, =2 n 8,12, 2.64)
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= ' , 2.6
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e?2
€. p 0
1 j 22’ 2,n
= 2.66
N(hz,n) ii, h,,=0 (2%
% '
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fisjed ‘J BhEE< ik &0 HOeOY Mdkj, KOSt HO tedkzdSady 0Ckdodi0<0 Ssyhkdyld HEEOL] HE
G jLAOIsttsE s jte0< 0 datshOy0 fis j6.j. SO HOaOY (19) B ted fdizlz, O ttsLk0s0 * j o jzdudd0 Ste0So,
SHESNGS HEZYBO GSHoYo fisjed, &4 fd ‘JHEshis0ads dLisdyzeosd Stubkd dGohjds OB
tfesdLotH i o $.0$0. LEESOE Seydkdn Hisydyo (7) iz Zeted * j&0 g HOO HOa0YO Is iGY jtolskzte |
(18) LO B tej< j Isjckt jteOlslzte j 30 zdOLdsds of dLiOLbGE Hjtk iifs 0N < j d kdizstoh < j Soyd
fazsydyd, Pists L&oyd HO fij etehd B jtsj< J 10 Skt yilsdted HOaOYO Is jdstfjteOlsizte j o tfisHOYd s
sjdHfiteOlkzied fij HOPj POk 4O tOyzuOE o Yzed'k. U hHjtosked Cuyhse HAMSO i ol
tlejCt bsjeBsodLd NS SOkt (8), S50 fsHOSS] zed k& fos's’ djdsed d. dSsdodids
CoUBAyO fj shisedel j te S RdHs0zEduS Soykj dahisozoyd'j (12 d 26) S50 SHESe0t0
te jOdzdztsdy YlzstgySods otsLdizlz, 0 AdHeOzEqYSO Stybo dhiisozoyd O fj HoS OSkdadicd tisjSts
iz jlzas0IscuSIse HiO (9) St°df fij GOYO 0 o0LHERSE dL Sdstfts jfysts0 (10). sidct0d LO OSsdodieds §
Cykdyo, fisd>d sH ¢/D Sohe jieltted 6353 (16). Ieots &ofsj Hiedsdhos & i jkzdiosdyss”
qiiisozoyd d, 50Sts Pists 80LHER SH Cststie fsted His Y izs0lsduS damisozoyd j fisd>id ttiSs
otHO (25). 0dd M 0Skdadicd Sudkd ydizdizHoe (12), d HOPdE <0< jd fedlsdhto &
~JHisOzEd St Seyds” danisozoyd d (26), Sydkd Ysudud GokJMiz fiod od<tsds hdizsd G0 Ssudkd
HAhS, ded yidiz i Yedlsdhos wozje0<0 Stybdn fisydyd HJwdhedhd ted Hodgse sy jkso
(8 it j< 0. UECEA EOHO HOOYI®RO HedisaiSo . &.jtsdf HedisaioS, SOSE b Yz jzkOsduss (21), K0S
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q & AdHs0E S’ Ssyds' dihsozoyd d (20). A/D S jieksts 6353 * j tise jLOt H0 Wie jCo jdiskdds
t6 jelztOlsstetsds (15), S'qf oBHEM (29) GOYO°0 i jChisdubsd jkited sd it iSkesdslst & ydk
< jesotse §isSie 5050 did dis kyded<o.

1J0kdLEse0%0 fiz HOO sdfO dhtfdisde0<0: dhtfdisde0< j &' tHEBa0KE0 Sy i<z SOHO ‘| obLdEs
MisOydstotts (BJB0 stttz 00050 90LHEZRO k2 Lskd sCs Stydkse HANSO) d tted Ekseddo
HJZ590< 0 fistelz’ j 90LHEZRO0 &0 Seykd HAME, Mists SHEBOOO ts jOdddd Zhdisoddi0 Stejls0< 0 oBLdEO.
I d Misos 90LHEZRO GO Sydd HAMS 4 fddzedie0ds St o juisdzolkst0 (30). L LOadhdshisd SH
tfslste jB0 BJte<0, SO5 d SH HIWARdNOkdn kiflsto0 ®itejs0, oddlsdrokst ‘§ ted &iSdd
dted~ das0 Ststed M <oz, O tted] B jCdds .

Z 00 Yz jlzdz0lsduS 4 dilsOz0yd 0 Sts°0 fyj Ststedisd LO OSkdodte0< j czOodise Sydise ydhdiHted
(f5Ldyd 0 9, id S0 3.1) HO s * J HiedCOLORO 1O hodd tisisteiBddd YsLdyd 00 &0 hikdyd 3.2.
AOLHER 5H Sstfiejste0 tieszoLd G0 tj SsL fiznoy 80LHERO (1), 0 Lokdd d SsL Loz Pdedy
(2). VEPYde0< J d diSPRyde0< §, sHESHES 0Skdodtds  Yijkdosdystse ydizdeHeo (8) fd
otthd Yt jSts 5/2 iz jCtotsczOct jlstztse o jdalsck0 (3). HecflsdhOS o0LHERO hj tejelzkdhj tfieiSts
teJelzz0sstE0 MO OB Stesd (4), HES ' 2 YhjlzdobdySts dinisozoyd'd yishiste™ jb o HOaOY
tfiedlsdiCO (7). Itslste jBEO BeLdh0 0Ssdodte0< 0 RdHteOkddyS) Sytk] dhnisokoyd”j fid tejetzedh j
oSt fedelznddyd (5). A0LHizR Yisyd<d HO tlzdd Sl N0 HiNdG] fist0d] Shdyo, uddd hd
o0tz j Ided S50 60 ik jtd & hiztftskhl histedkz. stdf<oy0 d Sedl Hiizgosdysse
ydizdizHts0 iz 2 yetehiss* o jLd M0 ftizesd Stydkse ydizdhHted (zd<o 3.1, fsrdyd o 12), soSs HO
Cdf<Oy0 Hidkl'j 0 Ystikel £ Soyksd ydhdiHek, 0 sG0 HO?j ftgitkd Sudl & Stydksd
ydedhHtez. Iedezhadysd (6) fij tisHjN0e0 BLdRO s jfis0zCo Hj'fise® tedlsdiSo
~qHEOZEUSE " dansozoyd d, BHEENGS BieLdiO ots0<0<0 Sadyd Yhkjkd0dyste ydidiHso
sy distzd isizsX0°.
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azdS0 3.2 Z jBoIshed tfedSoL fizded0lsduSd dinlsotoyd d LO 0SIsdodic0< J 6k0otkise Cyhkse
ydediHiso

3.2 utesHdd3 jhLdsd0ddd dBsHE HietBihse fistsko LO dhfdisde0< j sjttdzdySdn
%Otte jLOS 0 HAMS SYBdyO

tesBhid fiss LO difdisde0< j s jtedsduSdn &0t jL0< 0 HAMS Sybkdyo Stejdtedd *j & fisWise jehSsds
OC sz CATIA (jiez. ComputerAided Three Dimensional nteractiveApplication T tftedds j&0O
teOYzk060 tfiod it jSlsta0< L L tfisdit< IstesHA®jbLdttOtdkdn BHiE0). 30 k] J St idis0d 3D
BBH ¢ ftesBhse sk, st *j sz0Shods oLes” d tejokdLoyd 'z tejotdse fiesise fistkz0. 30
shisek Cte jde0hdn 3D disHjiz0, Wistesde0dd fiz s jrdduSd ytelsj> d &0 shisek $°dn iz Hjdsod
d &0tte00™ joud, 0 S°d Mz SOMdd J dastfizidisde0dd G0 Hiahkd fiss. BOSE™J, LO Bl HjtzBo
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¢s'd iz WosteduSd tftescfLogHundT MisOkHOLHEd, 0 Ss'd Mz bejsOkd MO®s HO fd ESEsy) o
Bdisde0 2 %0 tfesadkd fiss, dueth j&0 ‘J tiese jt0 Gsckz<dshisd Z6tOHS j %0 flosBhsd stz
sCodtelz 3D isHjE0. UtesHAd L0k d tiedCoL tethse fistk0 du odh j Yt HO, HO “j &0
fizdCOds0 tsH 3.3 Hs 3.6.

BEdCO 3.4 3D disH jir HlssBhsE filssto

10 fizefyd 3.6 iz fleSOLOG H jdsod ffs clelztfon0:
T sesticd 0ck je0k- jtjSkedsssts,
T Lot stee0t SBERo0kO GSHOY Ssylj fisicd, SOS d fisick,
T tedlzdsOlscfySO deziyisOzOy 0 MO redte o ctelzis,
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1 ~dHteOkzEduSo dahs0zoyd o ittt clz0ohse Stybse ydidiHtsd tBlzrako d yjosotH LO
CoydGs 2724,

LOd30 00 dgOMO d

stedzOted MO Etfic0o ?OySdes JejSisteddadds d JkjSiktestnSdds Sodtist dis0k0 sBzRa0k0
fhod kistntHEG] Jeidds] L0 WzdSydehkdho< j d ktik0e?0< j tfssehkdd fissusd, SO d
Bt < J tehstk0ddedd tboyLdoEsa.
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azd$0 3.6 esBhd fist LO difdlsde0< j Is jteddySdn ¢t jLOS 0 HAhS SukdyO: 1 T tisetss, 2
T duatshad stec0%, 3 T iz zi0Isdyso danlsOzoyd 0 M0 tedtts jdksd ctiztfsd, 4 T ~dHte0zEdySo
dihlsOzOyd 0, 5 T LOBO G0 &OMO d 6 T steiOted MO Ztfids?OySdd Jt jSisteduddd d
JijClsteshnCddy St jtlsOd0

eSO tiesBESE NissE0 L Hisdt< besHAR jELdBR0RGEE BiSHjE0 BiEeEZz<090 HESBES odLizjizdks d

P qEGACS OLEd j90S0 fod | SabselSydj tesahise fissto d < jesodn ctOotkdR yizddbo, Pists
'j df ct0abq LOLESE < jesote YedCoLO b tosd sHj Sk
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3.3 EAZYOS 60LoE 0 YiesBhsE fistt0

AhiszfoS t0Lot 0 YiesBhse Mistk0 dGsyd fd fisHidzdlsd &0 fzjHi<d WOLJ:
U HJWAhdnOS j bt iBij Nk0c] JzjShktesaisisttsd d fisists jBhse WisjSo jdishise tjekzz0ste0,
U duBtte tfsktejelzdn HOo0YO &0 Bhusek tOHGAR HOr0djsOd Soyjso d Sdntets

Yfshis0e 20 4,

HIWd&dNO< J ojLj jeiChtisissts0 MO atedisdizsd LOGO & GO,

sLdydtdie0s j d yjdsedie0s J jijSheshsisstso,

ZGtsOH < 0 Ytz jzdzOdySse Midhisigo LO 0Sdadts0< § Syddyo,

z6teOH < 0 AdHteOkzdySEE Sy fidhisjdo,

oS zydo0< J &0 jejShtedudlz dtei>lz,

CokdBteOYd 0 HOOOYO,

Olzstscz0IsLOYd 0 eOHO d

HAZOBJYSE Zte0adsls j>1000% j LOGO d&J d30.

coocooocc

3.3.1 [jWdddmo® | MdoOc] jdjShkteodtcktstcd d fslist

AsLdits tied Stjs0SE 0 SHisj" jiz SoljsduSl Jhted ', 0dd LO yjsotsdilz oLk S5’
S6jBO fokizdeOlsd GO HiesBhsd fsshl, HstoLd fij H Ehksed HO ‘j CoisduSo jdjeed 0
v lsotelsditzj oL ( E,,) ‘JHEOSO Sl oSt jhjteed o LOKO G 5O ( Ey, ), 6ik0yd0 (3.1):

E,=E, (3.1)

st jlsouSo jhjteed 0 LO yjlsetelstiz osLdiO tfis jHiis0a™ jk0 *j tejiOyd s (2.2), 0 Sdijlsdyso
26600 LOGO B dOR . te iy 535 (3.2):

=2 0w 32)

GHY Miz:
J, - Bsdidls dqidteyd J L0%0 G BOfg d
W, - fisists jBl%0 Z60H0 BleLdh0 LOGO & dsond T Ssydise HAMSO.

IBBjbls dhjeyd J dlsyejBiesdiod) LOBO ¢ dond (zd<o 3.7) S0 fj GOZOLd %O tfisBdisds
stz LO dfitfcflscfo0 j lsjteBduSdn #OtejL0<0 HAMS Seybdyd ‘d J, =27,5E kg-mP. 160 kz<d
'tz Ssuddylz ditffiskz’ jots (M0 Stse *j osLdi0 o S°0 * j 3OMO asLdd0) o sy jSdo0dsj ds0Shdds0dkdzj
BtoLdtj S5ots6 osLdz0 di0kd Iiis MJd 2 Jkd stfje BteLdk0 fiesBhRse fistiz0. RLOBOG fidsts LOGO Gz
d0hiz (e BkdM b6 d3sdsddis0 dizdteyd d dLisOuzaoitsg) d &0 shikselz sodn sHOKOSO dLOBEORd
Bt N0 SHEBO0EO z<dd sYhiesds Yiesdidd BLdhd uddd hd shisedtlz’'j MJ2dkd sthjc
e jdd SdidsduSd Jadteed J.

10k jditsds te jzOyd 0 (2.2) d (3.2) kz sy jisted dLteOL (3.1), HiszOLd ] His tfislste jBd:j 260 j BleLdd ]
Cs'lz j tfislstejeds HO wOLed'j jujChtesdsist COS B Modzidieds M4~ jblk stodkhtoktstdkz
BteLdtlz osLd®0, tojzOyd 0 (3.3), BHisj " jij oM

0,1250n @) %:JX &
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2,125} (
J k)

X

W =

[0, 250n
w, =, _ (3.3)

w0 3.7 wtssHt jiL dstOttd ditsH ji LOGO dj B3O

L to jOyd'kz (3.3) i zdsiyd >4~ jk0 ots jHESH)s BleLddz ] osLAE0, SO d d3OM0 fiddkzidt0dse osLddO,
BsHOCE] M dssXd BHEejHAs] Stk ZeOtkl BLdhlz J skt jBlks HO tOLed ' J JjeiSkesdsists,
SHEENGS S 2e0kE BlLdkE IstejBO HO dBO LOGO GO GONO. akdSo 3.8 i jHiis0e ™0 s ikl
zcOtstzj BtoLdfdz] LOGO tj d30MJ Iz te jzOyd o O BtoLdfdatsds Ste jsOS 0 otsLdkO, ¢H ' B3ONO yjlsotelscfdz
otsLdiz0 300 kg. YOadhdtshls dids ™z tesdz jdzg IsteOdzhkOtstetzj BeLdtzj oLARO o a0tz BeLdtd,
‘J 2 joter0. A0bdie0S i Gohd ydketslsdtzd Mddmzedteohse osLdk0, & eijzoyd'd (3.3), ¢Hd ‘4
BtoL([0 Ctedls0S0 MddlzdteOdse oLk CdhisOdis ot jHshs (2 HOE fizkyd' ‘4 80 km/h),
HSBd 0 flj HA OcteOkNCd YedSOL LOadhdshisd cOstkj BeLdtkj o donj fddkddieonse otLdo,
fizdf€0 3.9. etz it0 60t j BtoLdtzd 2 WedSyd d o] yilsetelsdtzd osLdeo *j JShtfsh idyd 0ddo,
Ydaz ‘J HESOLOEO d * jHEO tsH tishisOe ™ jdadr ~dtftsis jLO, HO 1O tfietsds jdisds 2cOst:j BeLddz LOMG0 &
&ofg &sekz HO fj Hdkkddie0 'z oLt tOLzdudisdn SOk jested 0 o don0. fhelz<dishis tetsd jdj
ze0Bdkj BieLdl] LOBO & d30NJ BBILBJ ' #OSE Cted<]< J tiesBEse NistE0, BjL ftht B LO
tftotsc jdasds LOGO ddm d3ONO, Nists dzd dLaiSlz’ j &JSd HSHOKG ] WdLdyuSd Gotst ] ted o jokdLoyd'd
JShtftecfdsozlsO.

1030 %0 d3OnO $B°0 'J z60® jh0 &0 ietsehd fists fj GOXOLdZO &z JOBtOssted d LO d3Eksistsdz0
oLdE0 LO' jHEs MO tishiss™ jd3. 1] dL bstse teOLEsE0, SO d B0 dn &soydddn 20600 d Ste0<je
ate &0 LO tejOtzdLOyd [z HietsBatse Mistsz0 *J Hiediz < J#0. O shdsol thedd < Jizd LOMO & &0Md,
Cos d YOtz Jis0te0 Mdkzedic0dse fizskduSse osLdio, dostdl ‘j JjeiSkteshsikst M0 * jHEdS
Ot Yistsed ydo ‘J koso 18,5 kW, 50 j&z0 3.1.

WBBIE0zEd BeBiks JejCktadtkted j Laokts G0<d tH syiSdedkdn otk Stydkise
BEdjds0, hiss fiejHhs0o0 tekdhkdyjSj LBBE S0 ¢d'J HeLet™jds dhtfdisded<j Mo
dhlssets jd3jddds StyJ< J& d fscshsd LOGO &J gond. Jo0Sed Entsed iz Cote0Ch jtedhisdydd tied
e j0kdLoyd d JShtf jtedds jdz0s0 COHO g ot J didlsde0< 0 2 yd =k Esete " o0 <0 clzadisC0 Styddn
Cote0Cls jtedlsd<0, S°J “J Iz dzdfls jteOlskzted YtsLdz0lsts tfisH GOLdosd fifade.
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©EdSO 3.9 10adisls ket BleLtj LOGO G (oM SH >4 jkj &ON yilsetlsdt, osLdto

U0BE0 3.1 fiyksedj COw0Cs jiedlsdS, jtiClstsnslste

IesdLos ™0y SEVER
st SAE3160L-2

A BBJEOzEO 060, KW 18,5

_JOChdz0dzdzd Btels* 5BtelsO 0, o/min 2930

mOud&0 fistslz” j, A 32,5

stjwWdyd' jdls Sstedhdse HY Tisoo, - 0,924

W d3diz0dzdzd dBisdJdls, Nm 60

asOtalstzd a3t jzls 2 tflzs0 9 j<d 5H GBdk0kdGse
HsOtelsdz0 fistelz O 8,1 tizs0 9 j<0 sH disd3dt0dzdz |
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3.3. 2t kclsetedzdr HOOYO 2O thdetso z w©WOH dzd n

fsMisOo? OF j dzg0 ftetse dzd Mlsts

10 tfishste B s jOkdLOydJ Sod HECBENS ] HAMtlsoyd'J GistntHES “j tiellsdlsd ZcOskz BeLdhkEz
LOR0 dJ d50Mj (Sudse HAMSO) & Mo0Sds st jdilzisClz, COCE tted BeLOO0< Iz, 5OSE d Iz ttetsy iz
Cyj<0. voss” §, i eolsd fdisdhos & i jzdgokdySs’ d ndHtsOkzdyst” Styks” dihsozoyd d.
10sdds 1 Bted o Sydd dsdjdis, SO 803E&0 o jzdydh0, S°0 tte jHiys0e 0 shdsadd YsSoLOk ™
WdSOnEssd Syt & Sk ey i Syi<o. sOCs *j 05y jtok o j HECEENS  HfiEsoyd' j
Ms0e@ il ©0 IsjteRuSs @Ot L0~ HANS Soykdyo, G&JstnsHes ‘j fe0<ic) tesiiko
s jostf.jteOlstzte j 0 Stsydetsds HAMSE f Sydedds Hisydyohe. 30 shbselk tis jsnsHbse 5B 0NS j<0
hiso “j foj YbteiBis djtedisd tted tojO0zdLOyd'd JjShtfjteddsidisOdddn diist0de0<0 o j
HESKSENS HOfesOydJ, Seisd<jad fz fitjHi<d HOsoud d Zsj*0'd LO Gjtj<j WoLduSdn
9 Jezdfyddz0:
- lzc0h0 BeLdh0 LOKRO d&g dsOhj T Soydse HAMSO (dlHESsdodd HOO0Y),

tftedlsdMOS &z itk jzz0duss” qanisokoyd d T sisisteddySd HOa0y,

tfodflsdnoS & Soydks danisozoyd d T sktfistkdusd HOa0v,

s ikt jteOlsizts® Soydedm izsydyo T sististekdySd HOay,

s Jostf.jteOlstzte® Ctsyditse HAMSO (s jtedssodLd 7SO COds jte0), d

Cydd dsBjdls (HOe0Y k) T shtistkdySd HOa0V.

3.3.2.1 090y cOBt:] BeLdtkj

10 ®itej<J ZzeOshk] BeLdd), tejydiid’j B0 ©BESO0 LOGO'Rj GONJ T SsyksE HAMCO,
fodiz < J& “J diHEClsdadd HOaOY tiesdLes™Oyd OMRON, fjted’ j E2A. 3 00°0< j HOa0YQ ‘J SH
12 VDC Ht 24 VDC [68]. 1Sdy0 diHESsdotiss HOa0y0 HOKO *j fitdSsd 3.10 (), S0 d &jSq
< josod Jzjdsidisd. 10 dited<J BeO tBiESO0 tedijktd so0Sose HOO0YO, &JStRBHOG J
GOLEZB™ jlzd Istsy0S, 0 GOydd YishisOa 00 HOaOYO * j HOI &0 fikdyd 3.10 (B). 1Ohs 0% j k0 Ctsds
‘J tfslste jBdits tfshisOadlsd HOeOY G Mdsj BAlsd B30 J 5H 2 mm, &d 8 j<Jj 5H 6 mm SH GOLEZB ™ j&is6
s5YS0. RGHESKSHodkd HOO0Y, HO'J HAedsOkdd Mdekot & sBEdSE diYizeno, cHj NedSd dastlzdn
0Mis0° J tfeistOnSsas LizBO &OLEZB ™ jhtse Issy$o diftfts jH HOaOO. w0ddd Isdds, Blets dzizizin®  jHEOS
‘J Btes Iz LZBO t20L B jazs6 Is5y$0, Mists HO™ j HO' J dlWistec0yd ‘Iz 5 * JHzs s lzdais SBtelslz LOGO ‘da
d30md T Sydise HAMSO.

LED JHOJA
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IOBPIIHHA

© (B)

azdS0 3.10 rREHECIsdodd HOa0Y: (0) MEdyO dizHESIsdobse HOaOYO o
(B) fishls09?0< j HOa0YO I SHEShE G0 GOLEZB™ jad Isty0s [69]

L bSSE Yy LOLJSOSO YE0<jcj LcOskj BeLdkj YESOLZj HO dLEOLks etOlsds
i jChetsshise0, LO%O'GO dono, SO o Suyld HAMS d&O'L difsk keOskl BELdtl, HES k sCk
CYj0 596 G j ko' uisSss Yiesyio SEYiT0, disksts *j BHOG' j& SH LOGO G doRj, ‘jie j
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JzjShstetscgOCt st Mtfis'ddy0 diS lyik0. RL Sote OLERE0 GistntHEs j djtdsd Ze0shkkz
BtoL([tzlz ote0lsdz0 LOGO G d30Md, *Jts MO &0 590 GOt HESB O i SOUEO dlWisteds0yd 0 & Bl Iz
BBEelS0‘0 Syhse HAMSO, SHESHGS Iste0dntoksel BeLdkj obLdz0 ksStl fsyihd Ssyi<o.
L jhists GOLEZB ™ jdatse stsySo, SOt tejtf jtod fiiz dhCsted < jdad LOotels< d Sts°df ftf0°0'lz ftecftelzBladylz
oteOlsdz0 LOGO &j ®OMJ d JeiChtesi0ch skl htfs Gdylz. ats” LOstels< joO St'd M) & tikes'
o0ted Odzlsd GOEOLd * j B P jfls, Pists *j to jLizdzlstso0dts dzitfts jydLdzdcs djted < jds Btsts 0 B0 0 [z
stfjelz ditfish 120 o/min. RL 59156 60LESE0 disdisdts0d ‘J HBHOG tiehisjd &0 Ytediszalidyd S&'d
dis0 ‘sh b jfls 0ot jo0. 3 0 500" GOydh shsekz<jis ‘j soybts ki< j Blets'0 SBisls0‘0, ¢HJ
ho0Sdr 12 ddstiziz0 dis jHis0o 0  jHOG lzd SBtelsO* LOGO d@d 30N, 0 OB Isdds o SYdse HAMSO.
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- ks jfistse0 diytfdscfo0<0 &z LOadhdshisd sH dds jaeLdls jisO ~z0*® j< 0 Sydbse HAhSO,
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100km/h, Hs LOEAs09?0<0, Is'. Cted <0 BtoLdh0 “j 0, s0BJE0 4.2. doten0 IsjisO 70 CtsdisOdalsdatsds
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42. 4 o i § B s U dd yL Oo d i daty figlesiples@n O

e jotz jHBM o 0G0kdLsE B 00 ™ jidn tejLizizs0lsO Hiszedn diysted>de0< 0 dL sBEOfsd ks jeddySse
tisGONOS0 SEyise fdisik0 sCEd Hesyjhd Ssyjco, HshEs 1) HE LOSPRYSO HO &j Ysis
HJs0®%0 ditfdlsde0<0 ¢H, ‘J 0B0kdLdte0d Zsdyd® fls0<0 frotehdko Sydise HANCO d Stydkdn
fsudyo, 4o fkz s jfssed HIWdERAhOG L s0B jkd 4.5. njHOG H ks jfisto0 * j difdisde0< j Stykdn
w0 Cstedh<jhise Stybse HANGO d dsadn Souidn tisydyo. stytd Yikwstedodhd
¢s'j iz dintfdisdollj flz: disdjdls Ssujso, SsjwWdyd jdls kstej<o, ot jdj LOEMs00S0 d
s jostf jteOlskztedsts tfis™j IssCisds tfistsy i@ S5y j<0. 0sdds iz deteh j&0 ttfists jHEO dintfcflsdo0<0
tfiteWistedz0daydf Ssted << o3 teOLEydisdn SsgBdROyd 0 dGisatse/Ssted < jdise Ssydise HAMSO, ks
Gsodn/SttedP<jddn Ssubdn tisydyo.

UOB 0 4.5 u jilstsed ditfdlsde0<0 & Loadhshlsy HO & iz Syt HATS J Syt Hisydyj

CtedP< it ded Gisag
udfls S SBYkd Jrsydyd
udfls rsIv | stied<ji sl
ujils rsds | sttegh<ji sttedh< g
udhls M s | g L StteN<ji
ughls rsSis - stiedh< b, SstssHIE0s seedh<jij
udhls ML | g L g 1

IsiejH bssc0, 7O ONYJSkO wOLes GdR difdlsde0<0, Bdils ‘j tsktjats ditdkosd Esdyo
CBtsBHAE0GEE Soytse HOMSO d SstedP<jkdn Stukdn Hasudyd GO fjeWstsdodh) Soybse
s 0. W OL0eds, GidLEhsOetd Hjs diYdlsdedSO j Cdh<jSj dsodn jijdjdol0
WisCydfistats 00 (Ssyid HAfS o Ssudd disudyg).

rJWdOdenOOZd O EZhdsed LO sjhisse S&'d iz OBt 0% 2 508 jid 4.5 fiiz:
foydst0 ik ieosked &0 tseehdhd Coykse HANSO d  Csukdm  Hisydyo
255 C+0,5 C,
sy jlst0 BteLqt0 Ste jls0S 0 Nkt diedtse oLt * j 100 km/h,
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U080 4.6 SEHIsEstkd J0E0B st IsjilsO 0 LoLEqudisdd Eitsedhk0 2E0* jSO HARLo
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ifls ms1 m=300kg v, =7 km/h

U‘%m e ‘ p=5 MPa v o

u jils ms2 | S v, =10 km/h

4.3 LiflsdizdLOyd 0 H0s0djls0t0 d §z0d0 diifdlsdo0S0 tesy,io Ssyj<o
feddz jdsds uOekyd d3jlssHO

voOy voekzyd dsjlssHO BAs J OYOGNSd diMd< Je-nisosdhisdyote, Fjwd<d uoskzyd (Jdet.
Genichi Taguchi[76]. uv0eizyd ‘4 ts0Lads HiskzLHOG B lsSH LO sy bz Zsdy0 0 ¢JSse o0 ists0
5’09, dizd tesyin0 S'd fd dhtfdskz’j 40 &Sk tesd it ?dok, 0 Uit B0, ottt ‘j #OS d
‘JHEBNs0006% LO Stedh<j<j [77]. vockyd &dssH ‘j e jHis0e™ j& ‘sh fjHihdlsdn csHAGO
feshase 94S0, fod yigz ‘J gjstH SHEOR tedokCos ojtdSlz ox<k fisOsdhisduod d
diJ< Jted Ss°d f)j BO9,j tfisBs N0 jdz Co0ikdlsjis0 &z teOLtzdydisdds cte0k0k0 diHizhisted” j [78].
1ikdCo CokClte jkiskshls G0 bexdhikkz Gokittdtd ‘j fesdLes™oyi HO B0z Colddds,jls
hots‘dm tiesdLoHO d tfied Istsd3 HO BEzHEZ tisad &0 kexdhiskz, st ' &0 jits tiesdLos® 0y HO
Ctedfilsy w0skud jolz drjlssH. SOHO ‘j isstejis stlsdoidisdlsd &jSq tesdietH & yd2k
HEBJ 050 hiss B j¢ Colkzdljls0, Bdkks ‘J BSHOBLOSH tfie0od k0L St'd Mot sd issd jdsd
Hae St BHE'Zj dLidL, kOSs HO SYqROLOYO ESPlyd SHE " de0S 40 BSPdR
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2. HJLO & §0te0dsjisOte0 d

3. BHMLEYO J.

600 WOLO T HALO'ds Mefilsjog0 1 ek jHO & HIWhdhOS Tz tOLR0kE0GdR WoSkstO (f&jLoodidis
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dtjOtetz0 ©jL0 dLd "k zkOLkdm d dLiOLkdn o jkdydh0, Hsas 0k Biss” ddfos0 ‘ j HeO. L ko'l
HO fJ & L0 COSo0 ‘j ojL0 dLii"lz kzOLdkdn d dikoiddm oikdyddo, LO tishisdLo< j sOydd dn
te JLizdzlsOls0 tfisists jBEts *j Stecfiisdlsdf stedf d g j trcfors0. Atste jH Ists60, o jkdSd Biels* dfos0 LOR joO
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9j<J lstesNCisa j.
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Bsdselz<z Iz HO fj tiedf tjOLdLOyd o JShHjtedtsjdis0 ds>ij Hesizyudisd o jkdSd Bl Sttt
WOSIste0, 0 iedlsisds f)j e Satedfsdisd LO Yty itz Escy0'0 o0CEe sH < dr djLoadhis. Adistkj
qaWstshOyd j 5 1o0SH OLAOEOkSH:; Sttt WOSSEE dset f)j HsBdlsd LO SOLSS ol jds.
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B 1 2 3 4
C ! 2 3 4

U0Bt0 4.8 [telstsest0ttd ddL Lis(4°)

LG BES'  SShlskstgg WoSlssed d | tiHgd BEs | Sthlstsiid WoClsstd d
Is.jf)ls0 tcforsq Is.jf)ls0 tcforsq

9

10
11
12
13
14
15
16

O~NO U WNER
NNNNR R PR
AWNRMWNERE
WBRAREPNPAAWNPE
ArDRMNDMPPWWWW
AWNRFRAWNE
PNWANREDMW

Ashdz0lste0 z<df s0Bjikzlz 4.8, &0 tfedzte ote jHEENsd & tfeosd tjHlz iz & fisoOted Mo ote jHdShis
tficotse Gdos0 LO fo0Cd tH WOSKEts0. s jHiENsd & Hislzesds o jHiz LO ote jHAGBMIs WOSKSEd ¢ fiz dL
ticotse dots0, HESE flz LO Hislze0 HOO dL Hilzese o0, L ki< i3 b jHlz WOCksE ¢ ' S0SE"
ots JHESHS Yisotse ko0, HES fiz LO WOSkstj B d C ots jHashisd dL Ists j< e Gdos0 d 508t e jHESA.

LISAYO" f190SHE BH EOLAOE0GER WOSKEE0 *j diselz< 0k SOHO ofs jHESHSd fo0SEE CoHsEEEnESEE
WOCkStE0 HEBA'L SHESE0E0'E<] ol jHESTd fio0SEe Gdosd d fods & ksd Ok ds>j fj
lsoterdsq] C5°df *j &0'Eiscy0' "o WOStsts &0 dLtOLdk-ishd0lse0tk o jkdudie [81).

433[H dzth)if ¢ @iz

e JHESMS Yoddsitzd voekzyd Jose B lssHO BeizHO fid 2 yd< Jedyd HO ddisjeted J fisOisfisdyuSd
BJBHS 2 ts0Lzdudisdds dizxid < JehSdd fiesydnddo. RL ste L0LEsE0 ‘j Soidic0d Ytisyizas dgiso
i3 tted H0kdie0SE JShYfited3 ko0, seistestottd ddised d hod tshiskzgos tBiOH ]
tfsHOOCO “J HESe0" jd. Jlelstesiokid Gdised sdtekz<izz ted dhtfdsdedsz Z¢?Ezyde0< j
dhssotejB s ojkdSte B0 YO0 sts0, 0 tiedissds dis>d Bdsd dLoth jés d Eset™do0< j
< drtote Zsdy0 0 ¢jLoadhds ‘JHESE SH Hislzese. I’ J HoJ otehis WOSkiE0 i uoskzyd 'z
d Ists:

1. Iztfe0o0dd WOSksted 1 st fiz WOSkssted S°d i el Sodistsskdholsd, o

2. WoSksted M0 T st iz diktc0sdod WoSksted d < dn “J ki<t dHjdisdWdSseolsd d

CstzistetsizdiOlsd.

RL IS¢ t0LEtsc0 zoH ji0 “j dso0 COt0Ck jedhisdCO T sHEsh S/N (jiek. Signatto-Noise, d s
tfis jHiis09 20 Esdyd’ APE&OR &0 ydhz WeaSyd'z fesyjne. FhMj i tj<d HO & fise0isd
tfte jHMis09 ™0 kzdsdfo jteLOkdbl d3jtelz LO sy jdilz St jtedck jdlsOtdidr tejLizdisOs0, f) yd™ jds SOMdd'
slsdzdLoyd”j goeod 0. JHhsh S/N ] gsCoLolj™ fgs<k e flj dsyd ZsotsHdlsd Zsdyo'
tftotsci jiz B JSs6 SH HO0NRjIsO0 &0 Cted < d dhntH ey n0. Ashiss' | ted Goydi0 dLid>1000< 0
te JLizdzis0s0 Yt jdz0 wOckzyd joshs B jlssHE d Ists:

U rdWdidhOmo WdShi0 etejHdshls "4 &0 B0 (J&6z. Nominal is the bekt
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S/N=h 40 Iogl (4.2)

5 -
U =t 9J<0 ote jHNS st BS™0 (J&6k. Bigger is better.

S/N:10Iog%(j o+ W (4.3)

(0 =56 GO0 ot juishs & BS™0 (jtsk. Smaller is bettar

S/ N= -10Iog%()f § .+ ¥ (4.4)

GHJ iz :
- Y - IledHS0 ote jHES e LizaisO0 dLiedidn JShtfteddJdsOuddd Hizsids,

Sy - &OYO J (HahtfjteLd 0) Y,

n- B sk000<0 JEhtf jteddsdz0ls0

Vi Yoo, - tedLizizsOlsd St jteocsalsO.

L LOadhshsd S5°0 fj dLtOLEO 8 jidydk0 YEhdOsE0/0GAEdLdE0 o PO fij SyjSE'j HO O dLtoL
BbHj AGO'BS? R 6jhjSJ, he0'0 fj SHese0u0'k<d djissH. JHEGsh SIN fij Sstedisd LO
BAGABALAEOS | WisjCoityd'J, 0 0uOLdLES sk ik dodn S/N SHEENO dsck<] ' EsotHdlsd
nlsOlsaiscuS LEOWO' Y0e0dsjis0te0. SOSE B f)j e jN 0 &< 0 fio j0 GO dcftacdsizds, i jSYREHES
'} diethdlsd bted djejS0 L0 f10Sd HjWdkdOG JjStjsddjss, O Hisksst dlehdisd
Siis JHS 080 j ote jHiashsd, 508 j0 4.9, Hie jHT0 ols JHESS 7] 6OULEO Ut & jdoyd d:

_ Xt X, X,

Xsi
’ 3

(45)

GHg Tz Xip X 50 X 5 ot jrstisd dLdsjie iR ot jutshisd 10 i-kdf sjis (i =1,2,...,1€). SOSs iz

dreteh j&0 bsted 3 jtejS 0 LO Ma0Cd ksjhls &istntHES ‘j hoBteOlsd fo j lsted ote jHasMisd d tfsH jedisd
N0 3. dtsjHishls S/NSHESNO SHEe "' j I & Loedhdshisd SH fedh < juse &oydko dLied>j000S0
u0elzyd’ jotse a3 JlstsHO.

U0BJk0 4.9 RLG 6 jij d B JHS ji&] ots jHEshIsd jShtfjtedd jdlsO d S/N SHiSH

IB: égdzq sisdzlstﬁtsoszozcg) BWqOQlSBth qd RLGjt5 it ot jHEETs] a?stchldegﬁ?ls tssd/z ’;Iﬁ]
IsdfisO A B C X1 Xi2 Xia X SN
1 1 1 1 Xia Xi2 Xis Xsa SN
2 1 2 2 Xa1 X5z X23 Xs2 S/N,
3 1 3 3 Xs1 X3z Xsa Xs3 S N,
4 1 4 4 Xaa X402 Xas Xsa S/N,
5 2 1 2 Xs1 Xs,2 Xsa Xss SN
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Uv0BJtzO 4.9 (%0hlsOa0S)
i It 5
s jfjls0 A B C Xi X 3 Xsi S/'N
6 2 2 1 Xe1 X2 Xo.3 Xs6 SN
7 2 3 4 X71 X2 X3 Xs7 S/N,
8 2 4 3 Xg1 X2 Xsa Xss SN
9 3 1 3 Xo1 X2 Xo3 Xso SN,
10 3 2 4 X101 X102 X103 Xs10 SN,
11 3 3 1 Xi11 Xi1z X3 X1 SN,
12 3 4 2 X121 Xz X123 Xs12 SN,
13 4 1 4 X13,1 X13,2 X13,3 Xs,13 S/ N,
14 4 2 3 Xiaz Xiaz Xia3 Xs1a SN,
15 4 3 2 Xis1 Xis2 Xis.3 Xs15 S Ny
16 4 4 1 Xigr  Xigz  Xigs  Xag Ny

43. 4 1 Ok d©OS ] §OWOi]lsOLO

L YJ~Lk .0kediE0<0 LOLROLLOGIR WOSkstsd, Yt Bkt J SHEiHdd fitejHz ote jHEGSHs S/N
SHEGEMNO ©0LdOE0nss WOCksted LO tfisod ddots, LOdd LO Hieked, COs d LO foj GhisOki. 10
BHie " do0<j ftedHS J ots jHEShisd S/N SHESHO LO WOSksts ¢, tficose kdos0, tOykdo fj tis
tejzOyd d (4.5). At jHEshisd S/NBHESNO ] ZLdd0 'z dL s0B jizj 4.9, & Sttshd & S dd0 fj &0k0L j
ots jHEshisd LO tisod ddots WOSksd ¢ d Hidd fj IO shdds Bt jd SedSs Hizso fj gsize ™0 50°
Gzdots teOLROEOMGSE WOSksts0. Isdis<kz tsjz0yd'j (4.6) & HO f)j SHtsjH fits jHSO ots jHAEST)s
S/NtsHsHO LO WOCkSsts ¢, Hislzese Gdots0, fshs<kz tojzdyd'j (4.7) e jHS 0 ots jHdishls S/NBHESNHO
WOoCkste0 ¢ bstej<ie kdosd, d tejzOyd0 (4.8) ttsjHis0e™0 e jHSkz ots jHESMs S/N SHESHO
Ylotelstse &dos0, S0Ss" j WoSCkssted ¢. I st edhydtlz fij SHiej "2z d e jHS J ot jHAShisd
shis0kdn SN sHESHO LO Ne0Sd tOLd0teddd WOSksts, Hishd0lts0dse ddoso [82].

SN, = SN SN ISy S @8
SN, =TSN TSN SR @47)
SR LT LT 1] s
N SNt SN SN Sy w9
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Ao deHCh tistedH S/N SHEENO SLEOY00 HO fj tOHd & e jHS S ot jHESHS], Hiskzed & S
WOoCktstelz, 0 Iste j<d fsCOLE" j 5 Ssc Gacfotslz WOSksts0 ) tsOHd.

SEESE0 b C8'S fj GOL0Ld max min (s0Bji0 4.10), b fse0td i jHis0oP0 0LEdCE
GOCHAd0kh] o dsdds0th) ot jHEssd S/N SHESHO LO fp0SH SH 60Ld0kE0hdR WOSKHLED.
sHos0kE0'<q HSBG' jhj ol jHEssd max min LO fied kied WOSkSE0, G0'BE?, 0G0l
WoSksts ‘j s30° yd0 ‘j wOLEGSO max- min G0 <0, LOKA® NtiHi<d, Hiskes EOGEdE0hd
0E0d k06 j 5GO° 0 ‘j ol jHEss GOS0 SH GO'BS? ¢ 10GedE0kse WOSksE0 d kij<j
B0GCds06Gq WOSSts *j 5HO° yq'0 ' ots jHEishs d0°GO<0.

U0B &0 4.10 0B jtO tsHesest0 LO S/N sHESHO ¢Hj j APlst GOS0 ot jHEshIS Ists BS™ ji

1 Jots A B C
1 S/ N a1 S/ Nog1 S/ N e
2 S/ N A2 S/ N 5.2 S/ N, ¢
3 S/ N A3 S/ N, e S/ N s
4 S/ NG A4 S/ N, 6.4 S/ N ¢4
max- min S/ Ns,Amax' 3 I\L,A,min S/ Ns,B,max' $ N,B,min S/ Ns,c,max' 3 N,C,min
) 0 1 3 2

43. 5 ANOVA 0OdzOdzdL ©

Liate" o0 ttetsyjhlszOddise LBOYO'0 e0Sts WOSkttsd, ds>d fj dretehdisd d tieddjdisds
00kdL) o0ted 0t ANOVA (jhek. Analysis of Varianca 0&0kdLO o0ted 0dhj). Itecfdsjdz0
ANOVA 040&zdLy d0 L0 yd= HO %0 shdselz Heed jidn JShtfiteddjdisodtddn tejLizdis0lso,
eSO J SkdS o0kd Oyd 0 ho0Sse tH WOSksE0 Zsdy 60 HeBd Jad teiLizils0ls & ite J< 0. 10B jk0
4.11 fsC0LE’ j GO st jBO HO dLetzjHO ANOVA 1508 jiz0 LO fizizy0* COHO tfishists’ j Isted Sdzistetstdz0
WOSlststg0.

08B0 4.11 dOLALO 80t O] S/N SHAESHO

gtoj HE (

eld0d 0 Ly ko oitej M ds ) sy dgls

ANOCIsts fré[g%t;:)sts CoOHIE ik dsj F tsHd bujh<j
Co0OHEO
A DF, S, sSs. F P,
B DF, S S§ Fs P
c DF. S SS Fe R
1.4 h S DFgregka Sgregka S%regka Pgregka
L&k q ¢ DFukupno Sjkupno 100,00

stz 000< j ANOVA k0B jtj BA<j HjWdtons St tjls S80S0, ¢Hj <j & fe0Ssd Bdisd
HleqSOLOGs COSH f)j S50 CishkO 0yreO [83].

Mgod CisteOS T teOyYed0S i mls it id0 hitsBEH, i
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ds jtfjdj MiseHj *j ikt jBEs BHis jHIsH LO o0Sk ot jHashs, LO 6t jhCl, €Ot d ZCzY0d Blss'.
Aieorts ] zlsete" ' j Sstze[Sd 4§ ZCztfOd Misjyjw hizssisH] o S& ] 60yzE0 YeBit<iz ‘JHEOYdHS:

DFukupan =n 4. (410)
0de fd SHis "2 J Btets” fisJtfidd fizsBiHj LO flo0Cd H shi0kte0hdn WOk, ates fils it jdd
fisBiH L 7190Cq WGkt flj 60yL0 K0S Niss fj SH bSktise Bes ® koo (1, ) SHELd]

‘JHOd, tsjz0yd 0:

DF s = ey - (4.12)

faktor

10 S0 B3 1 SHEHAST Bles' s jtfidd NEsesHj ceihSj, d s Niss fij sH ESkYse s 0
s Jtfjded MizsBSHj SHEZL®GE s jtf jkd HizssHj LO o0l BH EOLEOEORdR WOSksE0, dLsiL (4.12):
DFgregka = DFukupno _é. DFfaktor' (412)

rtelzed SsteOC T fizckO CoOHtEOISO

Vs sy sCO LOUREOS0 LSt fizdj CoOnts0k0, SO8 o kSl fizdj CoOHE0kO LO fp0Sd ©H
WOCkst0 o L0 et jP Sl fiskis j8tts *j dLisOylzdolsd Ledis ots s dLkoLo, & Sosd fizkzyd' SIN
SHESHO C8'd fiz HOd I 0B jid 4.8. edSOL Ledisso0 C&'j *j Hisists jBlits dLisOyEkOsd HOS ‘j &
508 jizf 4.12.

u0BJz0 4.12 \B(ftez0 ISOBjzO
NOGlststed g dotsd 18dte
YNy=9N+BN
YN,=$N +5 N

o

o0}

S/NA4:$N3 +$I}!1
INy =3 N +5 N
SN, =3 N +p N
INig=9 N +p N
SNy =3 N +p N
INy=9 N +5 N
IN,=9N+p N
IN=9 N +p N
INc=3 N +p N

IO flzdsd CoOHIsOO BOYEHRO T s & jE0yd'd (4.13):

=
o~

FHHD D

o>
=

nHwh“'7

-

2z RZREZEZ Zgz iz ez
=

OO OG GG D

BFOHFFH O D

o

(4.13)

J1o:of

. 14",
Sjkupnoza g I\f _;a $ l|\|
i=1 Ngi s
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LSO izt s WSSO fi LOylzb0 oo jdists qLisOLO (4.14):

I
a / faktor
) 14,0 k) .
Sfaktor == I Fé@- s N 0 (4 14)
i=1

L YJ Pk BE? j¢ BOLEE 000 HOK * | tlsdds jt:

(NS N, +8 R S R) 1ar %
. 4 1622, =

LSO k0 clejNC fij BOYEEO, SO LOLESO dLts™l LSkt fizd o LBAEO fodn WOCkss0,
t6jk0yd'0 (4.15).

gregka %kupno -( § -|§ (9 (4 15)

ute i<d &steOS T Mis JHS O otg iHEBhIS fizdz | Co0HEOISO

HEJHSO ols jHAUERS fHlzdsj So0HE0s0 10yZE0 fij COts SHESH Yhdoleonss oSk did flzdj
66N S & sHeShE GO Bles' s jifjkd HEsBEH | JhdokE0ngse WOCkSED did djnC, it jChdods.
LIEOyT'j (4.16) df (4.17) ESOLE L SOCE fi Oylzk0 s jHTO ots jHishls WOSKSE0 d ¢ jhS.:

S

S — faktor
Saktor DFfaktor (4 . 16)
S regka
S%regka = Dlg: i . (417)

gregka

Y jlsatslsd SsteOC T F SHaSh

F SHGSN 0LdOE0GSE WOSKSEO (V. ) fid HEBAO SOHO o0td Oyd'L dilstes ks WoSkHts0
tsHjeddts 710 e0td Oyd 8 6tedNEd (Ve ), tdz0yd 0 (4.18):

Vfaktor

I:faktor = * (4 18)

gregka

10ted Oyd 0 WOSktste0 fj sHis "z’ j SO SHAS flzdsj SoOHteOsO d fistfjdd hizsBsH,j LO SHisj " jkd

WOSktsts, 16 jz0yd’0 (4.19), HES f)j o0d 0yd 0 cejNCj BHisj" ' j Uis dissds edydtl SOs d LO
WOGIststs, COts SHUSH) flizdsj SoOHE0I0 d fllsjtf.jdsef fEsBSH] ctejNC, 6 jkOyd 0 (4.20):

V _ Sfaktor
faktoor — DE ’ (419)
faktor
S regka
Vgregka = Dlg:—gk (420)

gregka
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3 jlsd Ststs0C T ety jilskObss yih<i

Dietsy js0kis i< fij 0uzE0 SO SHES fizkj CoOHE0s0 LO 1OLd0E0hd WoSkSE did
6t Cl o LSkt fizdsj CoOHIOO iststasy jii0 110 100%, tejkOyd 0 (4.21):

— Sfaktor mo(y
0 (4.22)

kupno

P.

faktor —

43. 6 1 &Odz jSMyjteddBjdsO d HiWdddmOs j f¢

I IWdtdho< j 060ds jisos0 Ss°df <j i fiedd < dodlsd SO Ctstestzdzd WoSkstsd, Zsots™z' j fij &0
shdsol thsjot jH0G, dlsjeobiztej LO tie jHds jlstklz sBEOnis [54, 55]. It jH 60 bisjs0 ddolsd &0
kgl of Piso B>y fij Soistetsizdholsd & ssSk jShtjtdd jdiso, 0 Nk d¢j. A0Cksed S fij disetz 2
sk ety o Sy <0 Ctsteiszdholsd G0 Hesaisd stz iz (s0B8jizo 4.13):

- BiLJ®%O osLAEO,

- d50M0 ylsetelsdfizj osLAEO o

- tiedisdoS & Stsydis oftaiisokoyd d.

U0B 0 4.13 TOLKOISEOE] HOL0B Istd d Gdosd YO0 jls0E0
JL%0c0

WOCSEE0 sl qdos2 dos3 ydots 4
ALd0, km/h | A 20 40 60 80
JOn0 yjlsetelsdizj osLdto, kg | B 200 250 300 350
Iedlsdiog & Syt disfls0zoyd d, = 5 - g 5

MPa

WOSE HIWABAMOTO otsjHishisd LO 1OLGROSEOR] WoSksts] & fisWhe sz Minitab, S5°q dd0
Bselz<dish)s tBtsOH . isHOKOSO Htedd jhsd uoekzyd dsjlssHO, &0t fij BAteO Btes® WOSkHEO o Biets'
(zfos0. 3 OSBE SHOBAEO Biets 0 WSO o Bels 0 &zdos0, tislsete " 2 j ] tits jHEzs>] jhd Stelssesdk0ddd
GdL d %0Ssh: ksed dsyd fd tdedhskydlsd zsh i<k ot jHdshisd LO hodCd WoCkst, SOSE “j
HWoltOs 508 jizists 4.13. A L0atsh jisClz ktish jS 0 ot jHSTSA, tiSHREHES j st dsisoteHdsd
d G0Std tfisksoteHj tftetscte0ds HO' j ote jHshisd LO oS sH WOSkHStO Hfis s jfiskz, 508 jk0 4.14.

UOBjEO 4.14 340k JSht jiedds jls0

S suisesnd WOCksted
il 00 ylsetlsdsj  Vedisdhoc & Ssygs
L0, km/h o110, kg dhlsotoud d, MPa
1 20 200 2
2 20 250 3
3 20 300 4
4 20 350 5
5 40 200 3
6 40 250 2
7 40 300 5
8 40 350 4
9 60 200 4
10 60 250 5
11 60 300 2
12 60 350 3
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U0BJK0 4.14 (%0hls090€)

Ssuisteshd WOCksted
il 00 yjlsotlsdlsj  Vedisdhoc & Ssygs
L0, kmv/h o110, kg dahlsoeoyd d, MPa
13 80 200 5
14 80 250 4
15 80 300 3
16 80 350 2

J00Coddh dedhstysh tok JShYjedddsd fj Hed'0 LGOkES BE>j. 1O Stk HEhskYlj
G0'Gsed’ j tfsjeObiztej, wOskyd djssH fij Me0Sq gizs YECOL0s SO5 YSkLHOG djissH i
00 JChHjteds jdsks0. Iiesct0ds tis p0Ssds kst HO' j SHi " jhk SskBdGOYd L SOt B
g tied SBEOH 16 jLizts0k0 dssedts Esotendlsd S sH WOSkHSts0 g0 &0'0 j<d, SHESHES GO'BOSd
b0’
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eHsOIsdhlsdyto sBieOHO jShtfitedis jelsOtds HESB] jhdn tejLiztlsOIsO d dHikisdwdsoyd o
Is jtei3fySdn &Otts jLOS O HAMS SyBdyO LO teOLEdudls JOLOg ilste] Sy js o

5 dtUOURBURYSO JATOrd rsedrtrRITWO L
FrJARNCWRM TO1LIVOUP R R CUURARSPARND
SCTIRYSRWLOITPNY rREsS SIYURAP P

O URYRUL 3dtdL vt sLyene

10 htftesojH k0 JShtfiteddsjdis0kk0 diists0xde0<0 & sCodil toj HESksEnS) Hdhjtisoyd d,
HEBd jhd to jLizdzlsOlsd BA<] it jL jdistso0dd 2 odHlz HG Octs0dz0, 50B jizO df Is jtecscteOWh S tedSoLO
d HJO?Es 5B ONS jid.

5.1 2edSOL d HAMSENA O t6,jLizEsOls0 GO Shtsek ftfese jHikdR s ifisso0
dhtdlsdo0<0

I J50™06 eSO Slistesthdn WOSks0 HOk *j & fiset00™k 4 L0 f1o0Sd ks jfjs ud'd & jLizisolsd d
0BOLALO < B YledSOLOG] b dOfjsOeSE Sotse Yct0o™0. 10 ditolsdo0 j IssCisds s 710
CstzlsOcistztscs s istaisds BtsLaftatscs, s jils 0 StsafisOstzclds sydedids Heclsaessds, ks jfs Hiszoo >0< 0
q ks jfisse0 ditfolsde0<0 & Loadissq sH ot jdiLds js0 R0 O Syt HAMSO, Hedth < jdd iz
Gyt HAMS o SBubj disydyl L0 GOejHitk] kifssej S5 iz aj< Bdtd Ssedh<jdd did
JShtEs0s0ydq obLAE0 ditd GO et fissit.

51.1v § ffis® ts dzfls O dfflstslasidis dzts ds B to L d dzts d3

sy jfy Sy <0, S'd fizgHd dLo ydCaizine zBtsL0a0< 0 osLdEO HE HshisdLOS0 M4~ jbj BeLd®],
te0< iz * j tistcomlstsas Is jstfjteOlsizte j O fisotscfie] StstaisOSs0 Sygaise HATSO o Syt tsycho.
DisteOhs ks jetjtcOsizte j CEVRAR Hizsudy0 Bd<.j HiedSOLOh SO 6OLESO didj”t bkt j0lkzts j GO
C1e0'E ietsy 0 Sy <o of s jdstfjis0blzts,j 2 bste jaksSlz 0Csfode0< 0 Sydbay0, 0B k0 5.1.

u0B &0 5.1 dtejgj LOENISO9 00 & LOadhshisd sH Sydse tedlsdhto cHy ‘J fiyilsko
BteLd®0 (100km/h dilsO LO fie tOLBOISEOR | Is jhistse j

BEEOMS e oOki0 | sEuEd Tejs
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