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IIpu :keJaHMM MOKHO MOJYYHUTH CHHCOK 3HaYe-
Huit UY 2 Ha KaX[I0OM IIare Harpy>KeHus: B okHe Time
History Variables BoiOupaem onepanuto List. [TosBisier-
cs Tabnuua 3Hauenuit UY 2.

C [OMOIIBIO OTPENAaKTUPOBAHHOTO KOMAHAHOTO
¢aiina, KOTOpHIA OBUI CO37aH MPOrpaMMoOl Mocie 3a-
BEpLICHUS dTarna 7 JAWHAMHUYECKOTO pacyera, MOYKHO
BBINOJTHUTh aHAIIU3 TapaMeTPHUYECKUX KoyebaHui aHa-
JIOTHYHOTO CTEPKHSI C APYrOd TeOMETpHeil MpH Opyrux
YCIIOBHUSX €T0 3aKPEIUICHHS i Harpy>KeHNsI.

3akn0ueHne

W3noxeHHbI METOJ pabOTOCIOCOOCH MPH aHAIH3E
HapaMeTPUYECKUX KONeOaHUH CIOXKHBIX CTEP)KHEBBIX
KOHCTPYKIMH (pambl, GpepMbl | T. I1.), IUTACTHH, 000JI0-
YeK 1 KOMOWHUPOBAHHBIX KOHCTPYKLIUH.
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TEOPETHUYECKOE OBOCHOBAHUE METOJIUKHU

OIIEHKHM TPEHIIMHOCTOMKOCTH

B YCJIOBUAX MEJIKUX U I''TYBOKHUX TPEHIUH

CIIOJIb30BAHUE BBICOKONPOYHBIX MaTEPHAIOB

MOHIDKCHHON IUTACTUYHOCTH, PACHpOCTpaHe-

HHE CBapKH BMECTO KJICTIKH, OCBOCHHE CEBEp-
HBIX TEPPUTOPHUM, pa3BUTHE KPUOTEHHOM TEXHUKH, IMO-
BBIIICHUE PA0OYMX XapaKTePUCTUK KOHCTPYKIMH (CKO-
pocTeil Harpy>keHHs, TaBJIEHHH, arpeCCUBHOCTU Cpen)
BBIJIBUHYJIM B YHCJIO BAXHEHIINX MPOOJIEMY MOBBIIICHUS
TPEMIMHOCTOMKOCTH (BS3KOCTU pa3pyIlleHHs]) MaTepHa-
JIOB U 3JIEMEHTOB KOHCTPYKIMi. IIpu cunoBoil TpakToB-
K€ pa3pyIICHHUs TPEIIMHOCTOMKOCTh 3JIEMEHTOB KOHCT-
PYKLIMH IPOTHO3UPYIOT, COIMOCTaBIss pacdyeTHble K
1 3KCIIEPHMEHTAIBEHO OMpeAeIIeMble KpUTHIeCcKHe K.
KHH (K; << Kj.).

OKcnepuMEeHTaNbHOE ONpPENEeICHNE XapaKTEePUCTUK
TPEIIMHOCTOMKOCTH MaTEepHalIoOB MPOBOAUTCA B COOT-
BETCTBUU ¢ MeToaukoi [1] Ha oOpasmax c mpeaBapu-
TENBbHO BBIPALICHHBIMH MEIKUMH (< 1...2 MM) Tpeuu-
Hamu. J{is Gonee HaZeKHOTo MPOTHO3UPOBaHUs paboTo-
CIIOCOOHOCTH ~ KOHCTPYKIWH  BSI3KOCTh  pa3pylICHHS
1esiecoo0pa3Ho  ONpenessaTh B HIMPOKOM JTHAIrla3oHe
pa3sMepoB TpEIINH, HaOJOAAeMbIX MHPH 3KCILTyaTalnu
COOTBETCTBYIOIINX KOHCTpyKuuil. Bmecre ¢ Tem Takas
METOAMKA HYXXJAeTCsl B TEOPETHYECKOM OOOCHOBAaHHHU.
B cBsi3u ¢ 3TMM B HaHHOW paboTe MpeaararoTcs COOT-
HOUICHUS JUIS ONPECICHUS] PACUETHBIX U KPUTHUECKHUX
KHWH B ycnoBusix TpeUMH NPOU3BOJIBHBIX pa3MEPOB IpU
YUCTOM (YETHIPEXTOYEUHOM) H IOMEPEHYHOM (TpeXTo-
YEYHOM) M3rudax (PHUCYHOK).

[Tpu u3rnde Ganku ¢ MeKUM V-00pa3HbIM HaJIPE30M
Ul KO3 pUIMEeHTa KOHIEHTPAUK HANpPsDKEHUH pPeKo-
MEHJIyeTCs 3aBUCUMOCTS [2, ¢. 71]

a, =1+2//p, (1)

rne / — rryOuHa Hazxpesa; p — paauyc KpUBU3HBI B €ro
BEpIIUHE.
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CxeMbl HarpyKeHHUsI TPU OLCHKE TPEIINHOCTONKOCTH B yCIIO-
BHSIX YUCTOTO (YETHIPEXTOYEYHOr0) M3ruda (a) U monepeyHoro
(TpexTodyeyHoro) m3ruda (6)

C yuerom (1) ananoruyno [3, c. 118] MmoxkHO mpecra-
Buth KWMH nipu urcrom usrube (cM. puc. a) MmomeHToM M
UCTIBITYeMOro o0paslia ¢ mpeaensHo Menkoid (I — 0,
A=Il/a — 0) TpewMHON KaK TNPEIETLHO OCTPHIM

(//p — o) Happe3om:

KlM.n = 111’13(0, SGHaO' \/?p) = GH \/H, (2)
p—>
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MamuHoCTpOEeHHE 7

rac A — OTHOCHTEIIbHAS FJ'Iy6I/IHa TPCIINHBI; a — BBICOTA

OpyTTO-ceuenus obpasua; o, :6M/ z(a—l)2 — HOMH-
HAJIBHOE HAIPSDKEHHE B OCIA0JICHHOM TPEUIMHON HETTO-
CEYCHUM, ! — IIMPUHA CCUCHUS.

PesynbraTer uccnempoBanwmii [4, ¢. 53—55] moka3siBa-
10T, uto KMH cyiecTBeHHO 3aBUCUT OT OTHOCUTEIbHOU
nryouHBl A TpemuHBL C y4eToM 3TOTO I MEJIKOU

(A > 0) TpemuHbI MOKHO 3a1CcaTh

Y
K, = nl wm K, =—% o\, 3)
(1-2)
rae Yy, — QyHKUMS, YIUTHIBAIOLIAs HEKOTOPOE OTIMYHE

KHWH (mo 5 %) Menkoil TpemuHBI OT IpeAeTbHO MEIKON
(A — 0) m ompenensiemast ganee npu K-TapupoBKe;

=0 (1—7»)2 — HOMHHAJBHOE HAMPSUKCHHE B OPYTTO-
— “u p py

CCUCHHUHU.

Comnocrasiienue ¢opmynsl (3) ¢ KOHEUHO-DIIEMEHT-
M (KD) mammeiMm FO. Mypakamu mokasajio, 9To
B paccCMaTpHBacMOH 3aJaye TPELIMHY CIIEAyeT CUUTATh
Menkoit B quamazone 0 < A < 0,3. IIpu stom K-tapupo-
BOYHYIO (YHKIIMIO II€JCCOO00pa3HO IPHUHSATH B COIJIa-
cytomemes ¢ (3) Bume Y, =(1-bA)(1-1). C yuerom

Im

aToro u (3) mosryuaem

K =220, @

Ilpu A = 0,3 KD-3mauenne K, =1,1080~/n/. Uc-

MOJIB3YsI 3TO, U3 (4) momyyaem b = 0,78. Takum oOpasom,
MPHU 9ACTOM HM3THOe 00paslia ¢ MENKOW TPEIIMHOW IS
onpenenenns KMH npennaraercs peuieHue

1-0,78A
KIM Z?G\/ﬁ. (5)

[Tpu uncrom narube Gayku NPSIMOYTOJILHOTO cede-
HUSI C TIPEJeNIbHO TIyOOKHUM V-00pa3sHbIM HAJAPE30M IS
ko3(¢unrenta KoHueHTpauuyu Hanpspkenuit I'. Heiibe-
pom noydeHa opmya
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3mech a; — BBICOTa MUHUMAJIBHOTO CEYCHHS B 00JacTH
Hajpesa.

Jlnst o6pasia (cM. puc.) C BBICOTOM HETTO-CEUSHHS
a, =a—[ un npenensHo rirybokoit (A — 1) TpemuHoi

(a,/p — ), ucnone3ys (6) u (7), noaydaem kodpdu-
LUCHT KOHIICHTPALINH HAMPSDKEHU:

o, =0,814 /“—_l =0,814 /ﬂ\ﬁ. 8)
P L \p

[o anamorum ¢ (2) u (3) ¢ yuerom (8) MOKHO TIpen-
craButb KMH nust o6pasua ¢ ray6okoit (0,3 <A < 1)
TPELLINHOM:

K, =Y, 1im(0,50,0,/7p) = 0,407Y, / s, (9)
p—>

WA B HOMUHAJIBHBIX HANPSKCHUAX 10 6pyTTO—C6‘IeHI/I}O

obpasna:
0,407Y,,
K, = ,/ ol (10)

rae Y, — QyHKOus, yuyuThIBaromias HEKOTOpoe OTINYHE
KHWH (no 5 %) riryGoKkoii TpemuHbl OT MPEAeabHO IITy-
6okoii (A — 1) u onpenensemas npu K-TaprupoBKe.
Comnocrasnenne pemenust (10) u KO-nannsix noka-
3aio, uto B auamaszoHe 0,3 <A < 1 dyHkiwms Y, IuHEH-
Ha, a mpu A — 1 3Hauenwe Y, — 1. CremoBaTenbHO,
MOXHO mpexctaButh Y, =c+(1—c)A. Ilpu cMexHOM

03 K, =K, =1,1080+//, OTKyJza Io-

nydaem ¢ = 0,84. Takum oOpazom, IpH YUCTOM (UCTHI-
pexToueuHOM) u3rube (cM. puc. a) odpasua ¢ riryooKoi
tpemunoit 1t KMH npennaraetcs pemenne

0, 407(0 84+0 16%
K, = ,/ oVnl.  (11)
1 (1-2)’

ITpu onenke norpemHocteit A onpenenenus KUH s
MEJIKMX M [IIyOOKHX TPEILMH B YCIOBHSX YHCTOIO M3ruba
no pemenusiM (5) u (11) B cpaBHenun ¢ KO-maHHBIMEH
MOJYYCHBI CICAYIOMME pe3ynbTatel A — 0 A — 0;
A=02 A=+1,5% 2=04 A=-14%; A =0,6
A=-15%;1=0,8 A=-12%;A—1 A—0.

Bo MHOTHX ciydasx TPeIMHOCTOHKOCTh MAaTEpPHAIIOB
ompenensercs Ha oOpa3max ¢ menkumu (= 1...2 MMm)
TPEIIMHAMHU B YCJIOBHSX IIOIIEPEYHOrO (TPEXTOYEYHOTO)
m3ruda B CBSI3M C OTHOCHTENBHOW MPOCTOTON METOIUKH
HCOBITaHUN (CM. puc. 0). BMecte ¢ TeM U1 mIMpPOKOTro
JMara3oHa pa3MepoB TPEIIWH, HAOMIOJaeMBbIX TPH 3KC-
IJIyaTalid KOHCTPYKLUMM, METOJIMKA HUCIBITAaHUN MpHU
HOIIePEYHOM H3rH0e HyKIaeTcsl B TeOPETHIECKOM 000c¢-
HoBaHuM. AHanu3 KD-pesympraroB mokaszan, uto KMH
IpU TONIEPEYHOM HM3rnde HecKOoNbKo (10 5 %) MeHblue
OT aHAJIOTHYHBIX JIAHHBIX MPU YHCTOM HM3rHOE B CBSI3H
C BIMSIHUEM MONEPEeYHOM CHUIIbI M TPaiueHTa u3rubaromie-
ro MOMEHTa. YKa3aHHOE BIMSHHME Hauboyee IPOCTO
ydecTb B pemenusix (3) u (10) myrem paruoHaIbHOTO BEI-

=(d-b,1)/(1-2)

3HAYEHUU A =

Oopa K-TapupoBOYHBIX (QyHKIMHA Y
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nl =c +(1 -c, )7». C yuerom 3TOro BhIpakeHus (3)

u (10) npUHAMAOT BUII, COOTBETCTBEHHO,

d—b A\
0,407 l—c )\ _
- [cn+( 2 c,,) :| 1 A’G\/H.
(1-2) »

IMpu A = 0,2 KO-3Hauenue K, = 0,9906+/n/, a as
cMexxHoro 3HaueHus A = 0,3 K| =K, =1,054G\/E.

Im
C yuetom 3toro u (12) monyyaem: b, = 0,86; ¢, = 0,77,
d=0,98. Takum 00pa3zoM, IpHu MOIEPEIHOM H3THOE 00-
pasma ¢ Meskoi wiu rirybokod Tpemmnoi aimst KUH
TIOJTy4€HBI pEIICHNS], COOTBETCTBEHHO,

- 0,98—-0,861 ol
1-A (13)
0,407(0,77+0,23%) [1—-
K, = ( +2 ) ! }Lsx/ﬁ.
(1-2) *

Ornenka morpemHocTe A pemenuit (13) mo cpaBHe-
Huto ¢ KD-maHHbIME 1OKa3aja ciaeqylolue pe3yabTaThl:

ITomyueno 02.11.15

A—>0A=2%21=02 A=+2%;A=0,4 A=-0,3 %;
A=0,6 A=-0,1%;A=0,8 A=+02%;L—1 A— 0.

IIpu uccnenoanuu xpurndeckux KMH mposoasTcs
UCTIBITAaHHS Ha TPEIIMHOCTOHKOCTH B YCIOBHAX YHCTOTO
WM TIOTIEPEYHOT0 U3ruba mapTuu o0pasmoB C IMpeIBapH-
TEJIbHO BBIPAIIEHHBIMU TPEIIMHAMU HCCIEIYyEMBIX pPa3-
MEpOB /, OMpenensoTcss B COOTBETCTBUU C HOPMAaTUB-
HBIMH TPeOOBaHMAMH KPUTHYECKHE HArpy3ku P., BbI-
YHUCIIAIOTCS. KPUTUUECKUE HAIPSKEHUSI G, a 3aTeM II0
npeangaraeMpiM cootHomenusMm (5), (11) wnm (13) onpe-
JIENSIIOTCSL  XapaKTePUCTHKH  TPEIIMHOCTOMKOCTH Ky,
i K.
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A NEW APPROACH TO DESIGN A COMPOSITE MATERIAL
FOR LIGHT MONO LEAF SPRING USING FEA

Introduction
r I \ he weight reduction of automotive parts while

keeping their strength is one of the main chal-

lenges in the vehicles industry. As leaf springs
are widely used in many vehicles, it is important to
investigate how to reduce their weight. The composite
materials are widely used to reduce the leaf spring
weight without any reduction in load carrying capacity
[1]. The stored clastic strain energy in a leaf spring is
amain factor for a comfortable suspension system.
Since the strain energy in the spring is inversely pro-
portional to the density and the young’s modulus of the
material, and the composite materials possess low den-
sity and modulus of elasticity, hence, they are suitable
for a leaf spring [2, 3, 4]. The steel leaf spring was re-
placed by composite leaf spring whose thickness varied
linearly from the middle to the end and the springs have
been analyzed using FEA [5] and were designed and
tested [6]. The composite leaf springs showed a reduc-
tion in weight 80 % to 88 % less than the steel spring.
Designed simulation using finite element package

(LUSAS) was put forward to calculate numerically el-
liptic woven roving glass/epoxy composite spring con-
stants [7]. The investigation verified that composites
can be utilized for vehicle suspension and meet the re-
quirements, together with substantial weight saving.
A comparative study between composite and steel leaf
springs has been done [4] and inferred that composite
materials reduce the weight of the leaf spring without
any reduction on load carrying capacity and stiffness.
A single leaf spring with variable thickness and vari-
able width while keeping a constant cross sectional area
of different composite materials was modeled and ana-
lyzed [8]. It was concluded that, the composite leaf
spring has lower stresses for the same deflection, and
the total leaf spring weight was nearly 78 % lower than
the steel leaf spring. It has been showed [9] that the
carbon composite leaf springs have high stiffness and
offer substantial weight savings as compared to con-
ventional steel leaf spring.

In the present work, proposed composite mono leaf
spring models are designed to have the same stiffness
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