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Absiract

Friction chrirhe §: mechanizm placed herwmen the wngine and the gearbox of the cars and & wsed o tomsfr
torque from the szgne of the vehicks to the Tensmission The meeded srength of the pranme between the
friction nrfeces i provided with conches bandape: springs or diaphmgm springs. The: deplotion of &o lning of
thie: friction drive comws o a mduction in pressing force of crech tandage springs and thos 9o redncs tomqme.
Diaphragm springs amv exposed to complex dynamic loads and i is necessary to male a propar sebection of the
P, n this reesanching it will be comsidened onfy one of the strocral factors, the daphmgms mring
finpars begimving This paper provides am amabysis of a posdble response to this ond of challenges. The forms &5
patmen o the ambytical and exparimentsl ambyris. The impact of the amabmoed comsmucthe forms of
displrags spring Sngers begoning om simess and the sess of the dizphraom-spring aro assessed throagh 2 Snite
alerom pothod and exporimomdl tess. It is daived conchwion shoot the stress progression for different fime

steps depanding on the Some of the Saphrgs gring fnger begming.

" Lerrespamd oy mster
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1 Introdmcrion

Figure 1: Tho disphragm spring : 1.spring plata, 2 spring fmgers, 3. spring fmgen begmnings

e of the oevjor parts of motor vebicles is the chich. §is mechenical assemblizs built bebwmen the sngine and
tremsoeswon). Clisphragm spring & one of te ooin pats of the chich cmates prevems force of e chich it
axides craates pressure force of the chibch & enable: engrgemont and disengzgernent of chech. Diaphmagm
spring when performing her fmction i dynamscally loaded

mchndes springs whoss thaps i in fhe form of a troscd holloar cons. The secomd gronp, the Smgers by the
e kg, profile and equalhy dismined on the whole civoit (Sgme 1) The temiton froe the nomsd form
of the: sprizg to the conscle lemm i moade with 2 croular, elliptical oo tapers form.

Comidaring fe fact that despiie recent exemsive sindes of the wok of fridton choiches, and frs the
diophrages springs, il dorng the eaxploition of choch fihre of o Sctonsg  Eeppon becmss of
weakaning or tewaking of the dizphmagm sring. The main reasces. for this oy be the iceTect dmemconing, of
diaphragrs spring, meporopriae coerial and insdequate schaological process. The parpose of this mesarch are
25 an elashc bever ot hos fre and om one side and am vopparied o the othar.

T the: wehicks chobch asseobly the foros that comes from fhe releons beoring is at the and of the: spring, finger amd
the maction forces and bonding mwopsats ocor at the place of sopporting the lever. That is a singple lever case
with a firce acting on the fres side. The place néaers highest siresses arise & the joinng of the fmper with the
rest of fe gring. Specal atenton hes fo be dedicabed to thess connections of e Sngers with fhe spring plais
by nsng alesemis with low siess concentration factors such s holes, slob eic. Tn S papar i amabyzed the
irfinencs of different shaped hole at the begimng of fhe spring fmger or the comection of fhe spring Snger
with the plass.

1 Minterials and methods

The meierial nsed for medel of ®e wpring & chtxmed from the wohmiral spocfication: of e cxeemed

iz
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dixphragres spring and et is strachral steal desigmated as S1CrWY, with modeies of alasticity of E=210000
Nipe, domaity of By, = T.Eigtan' and Prissom rtie M, = (3 . Tha yisld=g point considerms the poviorial
ankoncomant for S soring i B = 1300 Nipes

The eethodology of the messanch nclade: calmebition would b parforeed by saprssions oo ALBEM-

LASZLO, Swite slement (FE) analysis of the dopbragm spring Enges beginming and soanmmation of dyzamic
Btipm of the spring on a test bench.

AL Calruladon of force and siress wing opeccons of Abmes o Tocglos theery

Calcdation of the siewwms of the daplage spring were conducted with wopressicns of Almen and Lasdc's
theary for calculation of Eapbmages mmgs [1.2,3].

Figmre I: Forcas of the sprimg

o
e (ad) m

- Hisight of disphragm spring:

o -
b e o) @
S iafmin of & g g

Sefal o) 3)

- Cosfficani: @, ki ks, k;

i -

- )
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Figure 3- Diagram of the spring forca (- - - -) and the chuch force | )

Figore 3 choan the diagram of chengs on pressing fooce of going and spring with sopporting pont dopendms
of daflectiom.

Strows mpaint 3
~Uppar stmas [ OFF-dedflection £,):
H
o, -u'i_— [:1.& _}'].E_L +k:|
k-DS° 5 11, (18

-Loaer stress {siress i poine 3 at deflection £=h) -

aecy 17

-Chnarmic siress:

ﬂ'_*—ﬂ'r—?ﬂ'l

(1%

Tha stc siress is Largest in point 1 axd dymaesic stress is brgest in pomt 2 or 3, whem plastic daformations of
mmateriall poours. I which point will ke greater e, i will dopend on the rato O, Ty and b5 = 1.4

The calooltion is performed oo diapbrge spring for wehicks ming coomercial sofwam progam, and
zoterial {50CrVE-1.615%). Tha results are given in table 1 and tabls 2.

2.1, Fimiie elemens analists of the daplragm sprmng apers begiamdng

maral wonld be modsled with shell lemont, for & diaphraem spring wolumemic wobid beragon alements

383



wars wed. Anaiyzing the resilts #t wers conchded by wing thell slamern the stress dismution from the
apper face W oqualized with the stress Sroe the borion Bice. Whes wing nmfics or whell clmezes bod am
squalized and zon-mal stress divdbution cooms. Despise 2 thest mwal form of the sprizg, for i kind of
paarts subjectod to izl forces, volmeic slemants on el ezt be wsed [4] Special ametion ba
be dadicand 0 tesw commctioms of the frgen with the spring plam by ming skmenn wi low e
concaniration faciors such as hales, slom et In this paper it analvzed the imfnence of diffarent shaped bole 2t
s beginning of $e pring finger or $he connsction of #e spring finger with the plas, (Epms. 41 dot thaped.

Figure 4: Slot shaped, cisvalar shapod and recemgslar shaped baginming

Afer the model validton of the cemined vehirk diaphragm spring by niing sTin o meanmeman &
mrgrical pwdeling comld follow Tt was condnoied o 2 meit-paredlel procesing compuer with 10 hours
uirmaiafion fims. The modal was prepared n Fmit slemant merhod softemms.

A3 Evemmaiion gf dynaeic fatdyee of e spring on g gt demali-Eperimeminl dest

In o o chieck the dyzamic dorehiltty strumgth of the diapbragrs springs, thery were momied on fe chobch of
the valrichs and than put the test banch O the test bench exarmination is parformed om chiiches aithont noftion.
The oencmmem demeher of e eemminmg is 450 {mm), feqeency 80 (Liin) The dymamic dimbilt swogth of
disphragm springs is kadng to fracew the fohe (machne clement) perfirmed by a mumber changes. The
m&mdmmhmu‘wmm

3. Frsultx
31, Remulis obirined using opreriens of Almen and T ergle's theory

Tuhls 1: Prosuing foroe and wimess on the ppring

T B W P g

N’}
=8, 121& 1E5%0 -1735 4487 1415 -3
f=h 2l 21070 -1534 133 1260 -2

f=fg. & 255 -1172 674 g o3

28e
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Table 2: Pressurs force oo spring support

Ttk (mm) 3 (T D = e 7 B
Bok () 6207 |FoFaks () ET
BNk () | 8300 | Pt KON | 27207

Table 3: Dynaxec stres

Pouxe 2 3
Upper sTess JILE 1523
Lower stress 1378 12606
Dyzamme stess | 42935 Wi
Dunbdiry 770 Nipan?'

Gy Tl

3.2. Results obiained wsing Fimite clement analysis of the draphragm sprimg fingers begimning

In the Hlowing Sgaves 5 and § is shown the chwnge @ the o dstobution arownd the crcaxdarance of the
Boles, in the dat positon of the spring and o maxinam lcad (the spuing Jowsr postion) 2 well 2 e
dimbution curves for all the elements of the analyzed crows secton of the sprng with boles.

Figure 5: Cocadar, slotted, and rectangmiar holos spring bahavior Sor tme 0,45 Som the top and the bostom wiew

i

Figure 6: Cocalar, sloted, and rectangmilar holos spring babvior for time 0.9 Som the top and the bomom view
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Fimmes % and § show that the mminmmn sowes is comared in e mgion of the boles md strmwd sxpanding. For
shoted and circalar holes the strass Easigerion soem, and comtimas from the top of the circle. For mcangear
Belos it comtimgs from fhe upper cormery of the rectangular. At i heginming of the slastic defarmion the slot
holo Bp s the one maching the mowinmm e disdpared in Largest amea arund the heds. As the daformation
FroEwes the croula bols hes the most sressed skoson aend the tip of te bk, For all e toe tmation
e rectangelar bols hay fho least streesed slemams arovnd #w hels and ey ars Jocated o % rectangelar

Bk el o st P
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Figmre B: Strow dstilnrtion aree, the spring with clothed holes

gy g s A e

Figmre 9 St disimibution aurees, the spring with rectangalar boles
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Figmmes (7-5) showr that fe sinsss is vom Mivees and i ncindes the principal strewsss in all of the drectiomns: The
wring chamactrsic orve for most of the alemmants folloos the ame trend The simes cune fem i the
fnllowing flow. Whan the spring is in a flaf position e simss comves. 2 oosiing the mencmmem s podnt It
ix good i motios ot af one point all the elomants af the omss secton spradizg from the wpring fngem
begimminegs 1o the spring end bnw mearty e dwa. Till this point 2all of the dlemeats ke moms compact
chamcwristc aacept for the mctamglar kol spring. After the flat position the spring Smaees am banding
dowmmards and| the plas end & mnving eaerds. From & fiat position with increasing haight bo mondmm the
daflaction (b0 the peoint of disensagroe on the clatch) stress chamctaristic alamwets bnw & oppesite flow
from the mminminy deflection towamd a fat position. Moromes vt is achiewed fater with a cincolar hole for
Jowrar danintiom (105 sel) than at rectangmiar and ot bale (01, 7) in elomant 9.

A3 Rerales obizined by examimaton of dmamic fafgue of the sprimg on @ e Sench-Experimenial fext

The preves fomcs wes mexsumd, dissngeging foore and mising of the plate, efore Bormw and after Bz of
e chubches. The maults of exparimentsl woaminaizon are @wa i tzhle 4.

Table 4: Fome of the spring edore testing -F o . foocs of the chech befoos weting ¥, 2od forme of the chatch

afier tenting -F,
Cge - SEWE
conpitatiomal
Munshar of | Fag Fus Faia

1 209 107 230 il | =TT

2 209 nH 1925 JR3E =T07=TT0

3 2000 11,05 m 17 2692 =T0T=TT

1 200 PU i = el A ] =i =]

1 200 1 = JE4T =i =]

& 209 naw 230 1827 =T07=TT0

7 2000 11,05 Pl 2827 =T0T=TT

E 20000 2105 b 2715 =T07=TT0

E 20000 21,05 »n 2B41 =T07=TT0

#(1-3) Circulas, (4-5) Slotted, (7-9) Ractngalr bolos

4. Conclegen

- The simmltion mme from & FE modals man gew us a fll pichee of the qeing belendor doing elease
hearing loading

- Whan the spring i moving dommwards the sress of the spring, in penarall is fret Increasizeg Tl reackimg
the pondrmres patarnl stress at the bole Op and dwen is spreading in the area aromd the hale

a5
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- Tha: sloted soped and the droelar heles e closs: bakendor. The mencirees viress happans ot mearhy the
sarp timvg (slotted -0L 34, ciroular-),524) and widans Som the ciromedforancs of the bels to o spring
pleis. For moangelar hols the mawimsm sivess cooums (0, 335) hisr compemed 0 cncelar hole amd
before slotied hole. The: moncivmem sess Hies place at rorrower area aroend the comars compared 1o
the sloted and cincular.

-Tho caloulation was parfirmed by sxpression the Almen Tawrdn for shetod hols, dyzamic s af poin 2
axdl 3 i Jess than the allowed dynarete sous (durabdity dynammic sreng]).

- The dymameic Sogw is pafomed oo a test bexch thare w2s Do vichiten of dizphragm sprimg
allonmd devixton: (parmoted desogation is to 10FG of the meanred miril vale).
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