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B nmanHo#i pabore paccunTaHbl KO3()(UIHUCHTHI TEI-
JIOTIPOBOJHOCTH M BSI3KOCTH iisi cMecu Al+O,+Ar. Om-
peleneHsl TEPMOANHAMHYCCKHE 3aBUCHMOCTH KO3 Qu-
LIUEHTOB A M [L OT COCTaBa W TEMIIEPATypPbl MPOJYKTOB
cropanusi. KoaphuImeHTsl TeIonpOBOHOCTH B BS3KO-
CTH, PaCCUNUTAHHBIC TI0 CIIPABOYHBIM JIAHHBIM, PEKOMEH-
JyeTCsl MCIIOJIb30BaTh B MaTeMaTHUECKOH MOJIENH rope-
HUSI TIOTOKAa TepeoOOoraleHHON —aJFOMHUHHEBO-KUCIIO-
pPOJIO-aproHOBOM cMecH Tpu KodhduimeHte H30BITKA
OKHCIIUTENsI, OIpPEJCICHHOr0 II0 CropeBIIeil YacTy,
Ocom = 0,4...5,6. IIpu otcom < 0,4 pekomMeHIyeTCS HC-
MOJIB30BaTh TEPMOAVMHAMHUYECKHE 3HAUYCHUS KOIPPHUITH-
€HTOB TEIJIONPOBOJHOCTH M BSI3KOCTH, OIpPEACICHHBIE
B JIaHHOM paboTe.

[oacTaBUB MONYyYEHHBIE B HACTOSIIEM HCCIEIOBa-
HUM JIJaHHBIE B MaTEMATHUYECKYIO MOJICTb TOPEHHUS MOTO-
Ka MmoiupaKIHOHHOM, Mepeo0oraeHHONd aTfOMUHHE-
BO-BO3/IyIIIHOM cMecH, ONMMCcaHHyIo B pabdore [1], MoKHO
OIIpe/IeTINTh KWHETUYECKHE MapaMeTphl Ipolecca rope-
HUg cmecH Al+O,+Ar, Takue Kak CKOpPOCTh NPOTEKAHUS

peakmu W HeoOXomuMoe BpeMs IpeOBIBaHUS CMECH
B (hopkamepe.
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Determination of Coefficients of Viscosity and Heat Conductivity in Aluminum Mixtures and Oxygenic Gases

in the Prechamber of Nanooxide Synthesizing Plant

Coefficients of viscosity and heat conductivity depend on gas composition and temperature of aluminum gas mixture. These coefficients defined
by thermodynamic calculations are compared with oxygen-argon mixture referenced data reflected in scientific and technical literature. It is deter-
mined that referenced data calculated coefficients can be used in mathematical model of combustion aluminum-oxygen-argon mixture to determine

the kinetic parameters of combustion process.
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AN APPROACH TO DESIGN A COMPOSITE MONO LEAF SPRING USING FEA

The aim of this paper is to design a mono leaf spring with a minimum weight and the same stiffness as a conventional mono leaf spring for a
passenger vehicle. Finite element analysis using ANSYS 14 of the steel leaf spring and unidirectional E-glass epoxy composite (UEC) with fiber
volume fractions (Vf) 0.5, 0.6 and 0.7 has been carried out. For each Vf the thickness of the spring was estimated to obtain the same stiffness as the
conventional steel mono leaf spring. The analysis showed that safe composite mono leaf springs with same stiffness, same strain energy stored and

with a beneficial reduction in weight can be designed by changing the thickness of the spring depending on the Vf.

Key words: leaf spring, composite material, strain energy.

he leaf spring is still widely used because it is

considered more consistent on tacky and rough

roads. The leaf spring has several functions as it
supports the chassis weight, controls braking forces and
absorb shocks. The stored elastic strain energy in a leaf
spring can be expressed according to [1-3]

u=———, (1)

where o is the allowable stress, E is the young’s modulus
and p is the density. The stored strain energy is an im-
portant parameter in the selection of leaf spring material.
Equation (1) shows that increasing the strength of mate-
rial and decreasing both modulus of Elasticity E and
density p of material lead to an increase in the stored
strain energy. The composite material is a suitable selec-
tion as it has higher strain energy and lower weight.
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Sancaktar and Gratton [4] achieved the final design
for the composite leaf spring using an iteration process
based on the initial design. The initial design consists
of two curved leaves hinged at ends and flat out under
maximum load. They determined the required thickness
of the leaf to achieve the target deflection by analyzing
tapered beam using FEM package ANSYS. Al-Qureshi
[5] designed a single leaf spring with variable thickness
of glass fiber reinforced plastic. He used finite element
software to model the behavior of the leaf spring. He
demonstrated that composite material can be used for
leaf spring for light trucks and meet there requirement,
together with substantial weight saving. Shankar,
Vijayarangan [6] designed a mono composite leaf
spring with varying width and varying thickness using
computer algorithm. They carried out analysis using
ANSYS software for composite leaf spring with
bonded end joints for Glass/Epoxy, Graphite/Epoxy
and Carbon/Epoxy composite materials. They com-
pared the FEM results for conventional steel leaf spring
and mono composite leaf spring. The comparison
showed that mono composite leaf spring reduces the
weight by 85 % for E-Glass/Epoxy, 91 % for Graph-
ite/Epoxy and 90 % for Carbon/Epoxy over conven-
tional steel leaf spring.

In the present paper the design of safe flat and para-
bolic unidirectional E-glass/epoxy composite (UEC)
mono leaf springs with same stiffness, same strain en-
ergy stored and a substantial reduction in weight com-
pared with flat and parabolic steel mono leaf spring has
been achieved using ANSYS 14 by changing the thick-
ness depending on the fiber volume fraction (Vf' = 0.5,
0.6 and 0.7).

FINITE ELEMENT ANALYSIS (FEA)

In the present work, the dimensions of an existing
conventional mono steel leaf spring of a passenger ve-
hicle: 965 mm length, 50 mm width and 10 mm thick-
ness, are taken for modeling and analysis [7].The me-
chanical properties of the steel [8] are listed in Table 1.
The mechanical properties of the unidirectional
E-glass/epoxy composite (UEC) are calculated for
various fiber volume fractions 0.5, 0.6 and 0.7. The
elastic constants [9], the tensile strength [10] and the
compression strength [11] are given in Table 2. The
principal axes considered in the analysis are x axis
along the fiber length and represents the longitudinal
direction of the unidirectional fiber lamina, z and y axes
represent the transverse in-plane and through the thick-
ness directions respectively. The design parameters of
the mono leaf springs used in this work are given in
Table 3. As the spring is symmetrical, so only one half
is considered with cantilever beam boundary conditions
for the analysis to save the calculation time.

A validation of the FEA used has been done first by
comparing the obtained results of maximum longitudinal
stress using ANSY'S 14 and analytical solution [12] for a
steel cantilever beam with dimensions of the half mono
leaf spring under consideration. The obtained results
from the two analyses are presented in Fig. 1 which
shows good agreement.
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Fig. 1. Validation of FEM and analytical results

Table 1. Mechanical properties of the steel, [8]

Young modulus (MPa) 210000
Poisson ratio 0.266
Yield tensile strength (MPa) 1158
Yield compression strength (MPa) 1158

Table 2. Mechanical properties of E-glass unidirectional /
epoxy composite [9-11]

Properties Vf=0.5 | Vf=0.6 | Vf=0.7
EX (MPa) 39300 | 46240 | 53180
EY (MPa) 11872 | 14966 | 19490
EZ (MPa) 11872 | 14966 | 19490
PRXY 0.33 0.31 0.3
PRYZ 0.31 0.29 0.28
PRXZ 0.33 0.31 0.3
GXY (MPa) 4253 5690 8957
GYZ (MPa) 4891 6544 10301
GXZ (MPa) 4253 5690 8957
Tensile strength (MPa) 640 770 895
Compressive strength (MPa) 680 815 966

Table 3. Design parameters of mono leaf springs

Flat Parabolic
Parameter mono leaf | mono leaf
spring spring
Total length (eye to eye) (mm) 965 965
Free camber (at no load conditions) 0 68
(mm)
No. of full length leave (Master Leaf) 01 01
Width of leaf spring (mm) 50 50
Maximum load on spring (N) 2500 2500

A stress analysis is performed using finite element
analysis (FEA). All the calculations are done using AN-
SYS 14 software [13] and loading conditions are as-
sumed to be static. Element selected for this analysis is
Solid-Shell 3D finite strain190. The equivalent thickness
of a composite mono leaf spring is the desired thickness
to obtain the same deflection as that of the steel mono
leaf spring under the same load (i. e. same stiffness). The
finite element analysis is carried out on mono flat and
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parabolic leaf springs of various thickness (12, 14, 16,
18, 25 mm) made of unidirectional E-glass/epoxy com-
posite (UEC) with various fiber volume fractions. The
obtained results of deflection from the finite element
analysis of the composite mono flat and parabolic leaf
springs at various thicknesses (12, 14, 16, 18, 25mm) are
shown in Table 4. The relation between the thickness

and the deflection has been plotted and the curve fitting
for this relation has been plotted as shown in Fig. 2. By
substituting the value of deflection of steel mono leaf
spring in the equation of curve fitting the equivalent
thickness of composite mono leaf spring has been deter-
mined. The equivalent thicknesses of composite mono
leaf spring are listed in Table 5.

Table 4. FEM deflection of composite flat and parabolic mono leaf spring at various thicknesses t

Composite flat mono leaf spring Composite parabolic mono leaf spring
V=05 V=06 V=07 V=05 V=06 V=07

Load 2500 2500 2500 2500 2500 2500
Deflection (mm) 164.9 140.2 121.8 161.3 137.1 119.1
= 12mm
Deflection (mm) 103.9 88.4 76.8 101.7 86.4 75.1
= 14mm
Deflection (mm) = 16mm 69.7 59.2 51.5 68.2 57.9 50.3
Deflection (mm) = 18mm 49.0 41.6 36.2 47.9 40.7 354
Deflection (mm) #=25mm 18.4 15.6 13.5 17.9 15.2 13.2
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Fig. 2. Relation between leaf spring thickness and deflection for flat and parabolic shaped springs

Table 5. Equivalent thickness of composite mono leaf spring obtained

Composite flat mono leaf spring

Composite parabolic mono leaf spring

77=0.5

Vf=0.6 Vf=0.7 Vf=0.5 Vf=0.6 Vf=0.7

Equivalent thickness of leaf spring (mm) 17.53

16.6 15.84 17.53 16.6 15.84

RESULTS AND DISCUSSION

The finite element analysis has been carried out on
flat steel and composite (UEC) for various fiber volume
fractions mono leaf springs with the equivalent thick-
ness. The results are compared with the analytical calcu-
lations [12] as given in table 6 . As the composite is uni-
directional, in the calculations of composite springs the
modulus of elasticity in the longitudinal direction is
used. It can be seen that the FEA results is in agreement
with analytical results.

The same FEA has been carried out on parabolic
mono leaf springs. Table 7 represents the results.

Figures 3 and 4 show the FEA results for the beam
deflection and longitudinal stress results for one of the
investigated parabolic composite mono leaf springs cases
with volume fraction 0.6. The results show that the
maximum deflection is 51.9 mm see Figure 4.1t also
shows that the maximum longitudinal stress is

+259.7 MPa on the upper surface and —265 MPa com-
pressive on the lower surface.

The presented analysis shows that FEA can be used
with good accuracy to design composite mono leaf
springs with same stiffness as that of the conventional
steel mono leaf springs. Lower stress, higher factor of
safety, and substantial weight reduction could be attained
by changing the thickness of the composite springs, Ta-
ble 8.1t is noted that for both the flat and the parabolic
UEC leaf springs, increasing Vf normally affects the
composite weight by a relative increase in the strength of
the material.

However, in the present analysis, by considering
same spring stiffness, higher safety factor could be at-
tained by changing thicknesses and Vf of the composite
leaf spring. Compared to steel leaf springs, a gain in the
spring weight without stored strain energy loss could be
achieved Table 8.
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Table 6. FEM and analytical [12] results of steel & composite flat mono leaf springs

§: €3 -40.3502 = 28,8141

1 -17.278 =5.74188
=23.04€ -11.509% «02617

Fig. 3. Deflection of (UEC, Vf=0.6)
parabolic mono leaf spring

Flat mono leaf spring
Composite
Steel =05 fo 06 | 7/=07
Load (N) 2500 2500 2500 2500
Thickness (mm) 10 17.53 16.6 15.84
Deflection FEM 53.03 53.04 53.06 53.03
(mm) Analytical 53.5 53.1 53.1 53.1
Von Mises stress (MPa) 707.3 230.7 257.2 282.2
Longitudinal stress (MPa) FEM +794 +239.3 +267.6 +295.4
—794 -239.3 —267.6 —295.4
Analytical +723 +235.5 +262.6 +288.5
—723 -235.5 —262.6 —288.5
Stiffness (N/ mm) 47.1 47.1 47.1 47.1
Strain energy dueto bending load 2500N (J) FEM 33.1 33.1 33.2 33.1
Analytical, [12] 334 33.2 33.2 33.2
Weight (kg) 3.79 1.61 1.63 1.67
Table 7. FEA results of steel & composite parabolic mono leaf springs
Parabolic mono leaf spring
Steel Composite
Vf=05 Vi=0.6 Vf=0.7
Load (N) 2500 2500 2500 2500
Thickness (mm) 10 17.53 16.6 15.84
Deflection (mm) 51.8 51.9 51.9 51.8
Von Mises stress (MPa) 748.4 232.7 259.9 287.5
Longitudinal stress (MPa) +783.4 +232.2 +259.7 +286.1
—788.7 -237.2 —265.2 -293.3
Stiffness 48.2 48.2 48.2 48.2
(N/ mm)
Strain energy due to bending load 2500N (J) 324 324 324 324
Weight (kg) 3.79 1.61 1.63 1.67
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Fig. 4. Longitudinal stress of (UEC, Vf'= 0.6)
parabolic mono leaf spring

Table 8. Factor of safety and weight reduction of composite over steel spring results

Flat mono leaf spring Parabolic mono leaf spring
Steel Composite Steel Composite
Vf=0.5 | /=06 | /=07 V=05 | V=06 | Vf=07
Factor of safety in tensile 1.46 2.67 2.88 3.03 1.48 2.76 2.96 3.13
Factor of safety in compression 1.46 2.84 3.05 3.27 1.47 2.87 3.07 3.29
Weight reduction over steel leaf spring% - 57.50 57.00 55.90 - 57.50 57.00 55.90

CONCLUSION

Safe composite mono leaf springs UEC can replace
conventional steel mono springs with same deflection
and same load capacity (same stiffness) without any loss

in stored energy and with good reduction in weight by
choosing the convenient thickness. This could be at-
tained by the use of a specially adopted FEA technique.
The use of FEA is therefore, a convenient method to
analyze and design composite leaf springs.
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MMoaxon k NMPOCKTUPOBAHUIO KOMIIO3UTHOII MOHOJIMCTOBOM peccopsbl ¢ HCNOJIB30BAHUEM METO0/1a KOHEYHBIX 3JIEMEHTOB

Lenvio pabomut a61a€mcs npoekmuposaie agmomooUnbHO MOHOIUCTOBOU KOMROSUNHOU PeCcopbl MEHbUIE20 8eCA U MO JHCe HCECMKOCU,
KaK U mpaouyuoOHHAs CMAIbHAS MOHOIUCMOBAs peccopd. Memooom KoHeuHbIX 2iemenmos ¢ ucnonvsosanuem ANSYS 14 Ovin svinonnen ananus
cmanvHoll peccopuvl u peccopul, useomosnennou uz mamepuanra UEC (oOnonanpasnennvix 8010KoH antomo-oopo-cunuxamuozo cmekia E-glass
U 2nOKCUOH020 ceazyiowe2o) ¢ obvemom sonokna (Vf) 0,5, 0,6 u 0,7. [dns kaxcdoeo 3nauenus Vf oyenusanace monyuna peccopul u3 yciogus nouy-
UeHUs MAKOUL Jice HCeCMKOCMU, KAK U Y CMANbHOU MOHOIUCMOBOU peccopbl. AHAIU3 nokasai, 4mo 6e30nacHds KOMRO3UMHAS MOHOIUCOBASL Pec-
COpa ¢ MAKUMU Jice NApaAmMempamil HeecmKoCmu, 3anacaemMoll FHepeun 0ehopmayuul, U ¢ YMEHbWeHHOU MACCOU NO CPABHEHUID CO CMANLHOU Pecco-
POt Modcem Oblmb CRPOEKMUPOBAHA NymeM usMeHeHUs MOIUUHbL PeCcopbl 8 3asucumocmu om napamempa Vf.

KiroueBble ¢10Ba: peccopbl, KOMIO3UTHBIN MaTepya, 3Heprus aedhopMarym.
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PACYET HAT'PY KEHHO-AE®OPMHUPOBAHHOI'O COCTOAHUA
POJIMKA IIJTAHETAPHOM NEPEJAYY TUIIA K-H-V

IIpeocmaenen pacuem pacnpeodenenus Hazpy3ku no ONuHe POIUKA C Y4emom NONepeyHoll CUbl U uzeubarouezo MoMenma, 0eucmeyuux co
CMOPOHbL KAK OUCKA, MAK U CAMENIUma 3y04amo-poiukosoll niaHemapHou nepeoaiu, OCHOBANHbI Ha peutenuy Oup@epeHyuanbHbIxX ypasHenui
coemecmnocmu nepemewyeHull ConpAaemMbix DNeMeHnos MeXaHu3Ma.

KuioueBble cJ10Ba: IUIaHETapHAs Iepeiada, PONHK, HarpyKeHHO-1e(hOPMUPOBAHHOE COCTOSHUE.

JIaHeTapHble Nepefavyd C OJHHUM WM ABYMS
BHYTPEHHUMH 3aleIUICHUsIMU 3y0UaThiX KoJec
NpY HEOOJIBIION pa3HUIIE B YMCIAaX UX 3yObeB

He’(pPEKTHBHOTO MEXaHU3Ma BOCIPHUSATHS MOMEHTA CHII,
JIEHCTBYIOIINX Ha CATEJIUT.
Hawubornee s dexktuBHOIl sBIIsieTCs epeiaya ¢ BHYT-

BBIFOJTHO OTJIMYAKOTCSA OT JAPYIMX THIIOB IJIAHETAPHBIX
nepeaady MpPOCTOTOW KOHCTpyKuUuH, Bbicokum KIIJI,
OOJIBIIIUM MEepPEeaTOYHBEIM OTHOIICHUEM B OJHOM CTyIIe-
HU [1]. OCHOBHBEIM HEHZOCTATKOM, CACPKUBAIOIINM WX
MIpAMEHEHHE, SBISIETCS HEOOXOIMMOCTh HCIOJIB30BAHUS

peHHI/lMl/I 3alCIICHUAMMA KOJIEC U MECXAaHU3MOM BOCHpI/I-
SITUS. MOMCHTA B BUJIC JUCKOB C OTBEPCTHSMH, B KOTO-
PBIX YCTaHOBJICHBI IENIbHBIC WJIA COCTaBHBIC POJIUKU
(puc. 1). OTBepcTHs TaKOTO XK€ OHaMeTpa UMEIOT H Cca-
Te;muTel [2]. Pa3sHWma nuamMeTpoB OTBEPCTHH ITHUCKOB,
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