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Hlaci e dysice 8axcaUB010 HACMUHOI MPAHCNOPMHO-
20 3acoby, na axii 0yoyemocs 6eco ky306. Bei 306niwmni
HasanmajiceHHs MpaAnCnopmmnoz0 3acody exaouaomo
eaacny eazy, axy niompumye waci. Illpoexmyeanns ma
ananiz waci parome 6aHCAUCY POTb 6 CMEOPEHHI MPAH-
cnopmnozo 3aco6y. Ilo6 posxpumu eromen asmomo-
oina xnacy Formula Student, 6yao euxonano modenio-
eanns 6 Autodesk Inventor 3i 3minoto dosscunu oyeu
Oe3nexu i cmamuunozo nasanmaycennsn 9, 6 ma 5 xH.
Mamepianom waci € 8yeneyesa cmans 3 MexXaHiMHu-
MU 871ACMUBOCMAMU, BIONOGIOHUMU 00 HOPMAMUBCHUX
cmandapmis. Pesynvmamu, ompumai 6 0anomy 00cui-
Ojicenni, nokasyomv, w0 CniGeiOHOWEHHA 008IHCUHU
207106101 Oy2u Ge3nexu 00 HOPMANBLHO20 HANPYICEH-
HA i npoeuny oonaxoee, wum Oivute 3HAUEHHA 006IHCU-
HU 201108H0i Oyeu Oe3nexu, mum euule 3HAMEHH HOP-
Manviozo Hanpydcenns i npoeuny. Cnigeionowenns
MIdHC 008IHCUHOIO 207106H0T OYeu Oe3neKu i HOPMATLHUM
HANPYICEHHAM NOJAAE 6 MOMY, W0 HUM Oilbue 3HA-
ueHHs 006J)CUHU 20710610 Oyzu Ge3nexu, mum euuje
3HAMEHHS HOPMATILHOZ0 HANpYXdCeHHs. Y mou uac K
Cni6eioHouenH MIdC 006IHCUNOIO 207106H0T Oyeu Oe3ne-
KU i HANPYIHCEHHAM 3CY8Y NOKAZYE, W0 UM Oiavuie 006-
Jcuna 207106101 Oyeu Gesnexu, mum HudNCHe 3HAMEHHS
nanpyeu 3cysy T-x. Cnigionowenns mix 006IHCUHOIO
207106101 Oyeu Oe3nexu, HOPMATNLHUM HANPYIHCEHHAM
i nanpyoicennam sacyey T-y oonaxose, a came, uum Gino-
we 3naueHHs 008XHCUHU 207108HOI Oyeu Gesnexu, mum
uwe 3HAUEHHS HOPMATILHOZ0 HANPYXHCEHHS i HaANpy-
scenns 3cyey T-y. Cniesionowenns 008HCUHU 20106-
Hoi Oyeu Oe3nexu 00 HOPMATGHUX HANPYNCEHD NOJIALAE
6 moMmy, wio wum Oiavuie 006ICUHA 2071068H0T Oy2u Gesne-
KU, MUM 6uule 3HAUEHHS HOPMATILHOZO i KPYMUTLHOZ0
nanpysicenns. Pesynomamu eunpodyeans HoOpmanvHo-
20, 3CY6H020 i KPYMUNLHOZ0 HANPYHCEHHS NOKA3ANU,
wo waci muny B 3 eucomoto 2010610i dyeu Ge3nexu
504 mm i dosxcunoro 125 mm ionosidae sumozam

Knrouosi cnosa: waci, npoexmysanns ma amanis
waci, modemosannsa 6 Autodesk Inventor, 3mina 0oe-
Jcunu Oyeu Ge3nexu, Mexaniuti 61acCMuocmi

u] =,
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1. Introduction

Chassis is an important part of a vehicle because it sup-
ports the entire body of the vehicle. The external load of the
vehicle, including its own weight, is borne by the chassis. In
essence, chassis design and analysis are very important in the
process of making vehicles. To design a vehicle chassis that is
the most appropriate as desired is the most complicated task.
This is caused by very complex design and analysis factors. To
overcome this problem, a numerical analysis method is needed.

To design and make frame structures requires special
knowledge especially in design, material selection, metal
joining and fabrication to produce a sturdy and competitive
chassis design. The design results reflect the success of the
chassis, especially if used for racing competitions. This study
focuses on the analysis of the initial chassis design using

Autodesk Inventor 2015 to test deflection and stress.

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

When chassis accepts static and dynamic loading is
a complex problem and needs to be calculated in detail. Many
accidents on vehicles are caused by chassis failure. To mini-
mize this, a chassis must be designed as well as possible. The
combined analysis method by calculating the relationship
of normal stresses to deflection, shear stress and torsional is
a method that needs to be done to overcome the failure of
the chassis.

2. Literature review and problem statement

The paper [1] presents the results of the study that acci-
dents are mostly caused by loss of stability in the frame struc-
ture and a substantial reduction in the carrying capacity of
the structure on the chassis. This shows that the stability and
carrying capacity of the frame are very important for driver



safety. Careful chassis planning is very important. However,
the cost is very large and difficult to do if the results of the
planning are tested by making real objects. To overcome this,
the researchers used numerical methods to simplify the work.
Chassis design with numerical methods includes ANSYS [2],
FEM [3], CATIA V5R19 [4], ANSYS / LS-DYNA [5] and
finite element models [6].

The design of a chassis that has a lightweight material [7],
ergonomics and ease in the manufacturing process [8] is the
aim of the researchers. To achieve this, the design of a model
that requires natural frequency and characteristics is appro-
priate so that it can ensure comfort while driving [9]. Apart
from having a chassis comfort factor, it must also be able to
absorb energy during a collision [10]. The lightweight chassis
design affects fuel consumption [11].

Development of the type of chassis material is also very
necessary, especially in supporting the strength of the mate-
rial. The fatigue factor that occurs when the material is used
continuously, supports the failure of the chassis. To overcome
this, it is very necessary to create a chassis that has superior
strength. Unwittingly when making the chassis material,
defects often occur in the chassis material. The process of
making chassis materials needs to use specialized techno-
logy that is qualified. As research conducted by [12], a new
forging process was carried out to close defects in axial in-
gots. This forging process is able to reduce the deformation
force by 1.5-3.0 times compared to the manufacture using
conventional systems. This new technology has been imple-
mented in the industry resulting in a 15-20 % increase in
the productivity of the forging process and a decrease in the
amount of heating from 8 to 6 during the forging process.

To obtain a minimum chassis failure rate, a combination of
material technology and chassis analysis test is needed. Many
analysis tests of the chassis have been carried out, as was done
by [13]. In this analysis test: Main roll hoop, Front roll hoop,
Static slide, Side impact, Torsional static. The disadvantages
of this test are only to do the testing separately on each stress
and torque, regardless of the influence between the two.

The research conducted by [14] tried to analyze the con-
nections in the chassis in a combination of moments, shear
forces and axial forces. The results of this analysis are able to
increase the strength of welded joints when receiving a com-
bination of moments, shear forces and axial forces that often
occur in the chassis. This study proves that combination
analysis can reduce the failure of the chassis.

Chassis is a very important thing in a vehicle, a strength
test on a chassis must be done, this is to avoid the failure of
the chassis that causes accidents. The chassis test has only
been carried out separately on stress and torque. A combina-
tion test on the chassis connection has been carried out and
the results are very good. To improve the reliability of the
chassis, it is very necessary to test simultaneously between
normal, shear and torsional stresses, to find the best optimi-
zation value that meets the requirements.

3. The aim and objectives of the study

The aim of this study is to determine the length of the
main roll hoop that is right on the chassis, so that it meets
the security requirements. The length of the main roll hoop
is varied (110—150 mm), the analysis is done in combination
between normal stresses and deflection, shear stress and
torsional.

To achieve this goal, the following are carried out:

— Analyzing the relationship between normal stresses and
deflection, shear stress and torsional.

— Looking for the main roll hoop length that meets the
highest security requirements.

4. Material, methods, and models of research

This research method starts with determining the chassis
material using carbon steel, grade: A36 as shown in Table 1.
Where the value of mechanical properties is shown in Table 1.
Simulation using Autodesk Inventor Student version, result-
ing in value stress due to loading whose value is below the
yield value on carbon steel, to obtain a high level of security.

Table 1
Mechanical properties of carbon steel
Mechanical Properties Value
Density 7.850 g/cm?®
Young’s Modulus 200 GPa
Poisson’s ratio 0.290
Yield strenght 350 MPa
Ultimate Tensile Strength 420 MPa
Thermal Conductivity 47.600 W/m-K
Linear Expansion 0.0000120 1/K
Spesific heat 0.480 J/kg-K

The material dimensions used in this chassis are round
tube 26.9x2.5 mm for front components and roll hope play,
while other components such as roll hoop bracing, front
bulkhead, side impact structure and main parts of the frame
use a round tube 26.9x2 mm. The structure of the hollow
chassis aims to lighten the weight of the chassis designed.
The chassis frame design is shown in Fig. 1, where the roll
hoop height is determined to be 504 mm. While the roll hoop
length is varied with values between 110—150 mm. The car
chassis that was investigated was the chassis of the Formula
Society of Automotive Engineers (FSAE).

This research begins with the making of three-dimen-
sional model design, by making variations in the types of roll
hoops: A, B, C, D, E, F, G, H and I as shown in Fig. 1. Then the
length of the roll hoop is made 9 variations with the values of
each are: 110, 115, 120, 125, 130, 135, 140, 145 and 150 mm.
By using Autodesk Inventor the student version is simulated
to test: Deflection, Normal stress, Shear stress, and Torsional
stress. The results of this test are used to analyze variations
in the length of the roll hoop that has been designed so that
the best chassis design is obtained.

The simulation process is carried out with the following
stages (Fig. 2): Installing Autodesk Inventor 2015 soft-
ware on the Note Book, creating a 2015 FSAE chassis with
variations in roll hoop length, testing the chassis includes
(deflection, stress and torsional), boundary conditions (ten-
sion<yield stress , deflection<25 mm), design analysis and
completion.

Fig. 3. is a form of skeletal design that is made with static
loading F1, F2 and F3 with a load of 9, 6 and 5kN. Where
F1 is loading in the vertical direction of the y-axis, F2 in the
horizontal direction of the x-axis and F3 is the loading of
the z-axis direction. The reactions that occur due to static
loading R1, R2, R3, and R4 are shown in Fig. 3 (circle sign).
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Fig. 3. Load diagram on frame model: F1=9 kN, F2=6 kN and
F3=5 kN with support R1, R2, R3 and R4

5. Research results of analysis of the modeling
of the effects of roll hoop length

d on chassis strength
Fig. 1. Planned chassis dimensions: ) Test results with Autodesk inventor on deflection, nor-
a — front view; b — right side; ¢ — top view; d — object mal stress, shear stress and torsional are shown in Table 2.

With variations in the length of the main roll hoop type (A-1)
are: 110, 115, 120, 125, 130, 135, 140, 145 and 150 mm.
The rules for the magnitudes of the loading forces of chas- Fig. 4 shows the Autodesk Inventor simulation results on
sis followed the FSAE 2015. the 110 mm roll hope.



Table 2

Autodesk Inventor simulation results on Deflection test, Normal stress, Shear stress 7-x, Shear stress 7-y and torsional
on roll hoop height: 504 mm with variations in the main roll hoop type (A—/) length

Chasis Main roll hoop length Deflection Normal stress Shear stress T-x Shear stress T-y Torsional
type (mm) (mm) (MPa) (MPa) (MPa) (MPa)
A 110 1.002 290.4 65.46 22.75 12.61
B 115 1.097 2921 65.22 30.11 13.20
C 120 1.138 312.6 64.99 22.49 13.77
D 125 1.197 255.9 66.81 3.13 14.33
E 130 1.258 3234 64.57 30.42 14.86
F 135 1.320 333.6 64.37 30.50 15.38
G 140 1.383 343.8 64.18 30.57 15.88
H 145 1.448 337.2 67.62 3.40 16.37

I 150 1.514 369.3 28.95 65.75 16.84

Type : Displacement

0918 ;
0.613

0.409

Units: mm Units: MPa
3/20/2019, 7:31:48 PM 3/20/2019, 7:31:57 PM
1.022 Max 290.4 Max

Type : Normal Stress Smax

227.1
163.7
100.4
37

-26.3 Min

a b

Type : Shear Stress Tx Type : Shear Stress Tx Type : Torsional Stress T
Units: MPa Units: MPa Units: MPa
3/20/2019, 7:32:05 PM 3/20/2019, 7:32:05 PM 3/20/2019, 7:32:07 PM

65.46 Max 22.75 Max 12.61 Max

49.64 1221 8.65

3382 1.67 47

18 3.8 074

218 -19.42 32

-13.64 Min -29.97 -7.17 Min
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Fig. 4. Autodesk Inventor simulation results on the length of the 110 mm roll hoop:
a — Deflection test; b — Normal Stress Test; ¢ — 7-x shear stress test; d — Shear stress test 7-y;
e — Torsional stress test

Tests carried out include: Deflection Test, Normal Stress
Test, T-x/T-y shear stress test and torsional test. The re-
sults of this test produce a deflection value=1.022 mm;
normal stress value=290.4 MPa; shear stress value T-x=
=65.46 M Pa, shear stress value T-y=22.75 MPa and torsional
value=12.61 MPa.

The visualization result of the deflection test with Auto-
desk inventor is shown in Fig. 4, a, the normal stress test is
shown in Fig. 4, b, the shear stress test T-x and T-y are shown
in Fig. 4, ¢, d, and torsional test shown in Fig. 4, e.

Plastic deformation is not taken into account in this
study, because it is not safe. In this planning, the stress that
occurs under the allowable stress is given.

6. Discussion of the research results of analysis of the
modeling of the effects of roll hoop length on chassis
strength

Fig. 5 shows the relationship between the roll hoop
length and normal and shear stresses. In this graph, there
are three best long roll hoop designs, namely: type C (red
ellipse), D (black ellipse) and E (green ellipse). The normal
displacement and stress values for each type C, D and E
are: (1.138 mm, 312.6 MPa), (1.197 mm, 255.9 MPa) and
(1.258 mm, 323.4 MPa). The results of the comparison bet-
ween the three types of chassis indicate that the deflection
value in C-type chassis is lower when compared to chassis



types D and E. But the value of normal stress on type D chas-
sis is the lowest compared to the values of normal stresses
on chassis types C and E, consideration of the limit of Yield
strength values in Table 1, then type D chassis meet more
requirements than others. The relationship between the roll
hoop length and normal stress and deflection is the same, the
greater the value of roll hoop length, the greater the normal
value of stress and deflection.
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Fig. 5. Relationship between the roll hoop length and normal
stress and deflection

Fig. 6 is a simulation result with Autodesk Inventor on
normal stress and deflection of chassis types C, D and E. The
normal value of stress that occurs shows almost the same
results as shown in Fig. 5, c—e where the highest normal
stress value occurs at the top of the chassis with light green.
The highest displacement value occurs at the top of the
chassis with red on the chassis types C, D, and E as shown in
Fig. 6,0, d, f.

The results of the graph of the relationship between the
roll hoop length and normal stress and shear stress T-x are
shown in Fig. 7.

The results of analysis on chassis types D, E and G have
the following values: (255.9 MPa, 66.81 MPa), (323.4 MPa,
64.57 MPa) and (337.2 MPa, 67.62 MPa). The lowest nor-
mal stress value occurs in type D chassis with a value of
255.9 MPa and T-x shear stress in type E chassis with a value
of 64.57 MPa. To determine the best value is to find the
smallest stress difference between normal stress and shear
stress as shown in Table 3.
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Fig. 7. Relationship between the roll hoop length and normal
stress and shear stress 7-x

Table 3

Comparison of the difference between the normal values
of stress on Shear stress 7-x with the variation
of the main roll hoop length

Ch_as— roll\f[lilorz)p Normal | Shear _Stress N
sis length stress | stress T-x | difference Decision
type (mm) (MPa) | (MPa) (MPa)
D 125 225.9 66.81 189.09 | The best value
E 130 323.4 64.57 258.83 -
G 145 337.2 67.62 269.58 —

Type : Normal Stress Smax Type : Displacement

Units: MPa Units: mm
3/20/2019, 2:57:02 PM 3/20/2019, 2:56:56 PM
312.6 Max 1.138 Max

2448 0.91

177.1 0.683
0.455
0.228

0 Min

t %f

Type : Normal Stress Smax
Units: MPa
32012019, 3:07:09 PM

255.9 Max

199.6

143.2

Type : Displacement Type : Normal Stress Smax

Units: mm Units: MPa

3/20/2019, 3:07:03 PM 3/20/2019, 3:12:04 PM
1.197 Max 323.4 Max

0.958 253.5

o N> | L
0 Min y '///"/}/'/‘ "
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Units: mm
3/2012019, 3:11:58 PM
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1.007
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Fig. 6. Autodesk Inventor simulation results on: a — normal stress and b — deflection in chassis type: C; ¢ — normal stress
and d — deflection in chassis type: D; e — normal stress and f — deflection in chassis type: £



The smallest stress difference in the material increases
the safety factor in the chassis. The results of this stress
difference show that type D chassis has the lowest value:
189.09 MPa. The relationship between the roll hoop length
and normal stress, the greater the value of the roll hoop
length, the greater the normal stress value. While the re-
lationship between the roll hoop length and shear stress is
the greater the value of the roll hoop length, the lower the
T-x shear stress value.

The simulation results with Autodesk Inventor on chas-
sis types D, E, and G are shown in Fig. 8. It appears that
the normal visualization of stress shows the same results as
shown in Fig. 8, a, ¢, e. The highest normal stress occurs at
the top of the roll hoop shown in green. Different things
happen in shear stress T-x, the lowest stress value occurs
in type E chassis (Fig. 8, d), followed by type E and type G
chassis. Shear stress in type D and G chassis is dominated by
green and slightly red while the type E chassis is dominated
by light blue and slightly red. The shear stress value of type
E chassis is the lowest when compared to types D and G.
But the analysis of the difference between normal stress and
shear stress in Table 3 shows that the type D chassis stress
difference is the best.

Fig.9 shows the relationship between the roll hoop
length and normal stress and T-y shear stress. From this
graph there are two types of chassis that are the best, namely:
chassis type D and type G. Each of these chassis has the nor-
mal values of stress and shear stress as follows: (255.9 MPa,
3.13 MPa) and (337.2 MPa, 3.40 MPa). The analysis shows
that type D chassis has the normal value of stress and the
best shear stress. This is supported by the difference between
normal stress and lower shear stress as shown in Table 4.
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Fig. 9. Relationship between the roll hoop length and normal
stress and shear stress 7-y

Table 4

Comparison of the difference between the value
of Normal Stress and T-y shear stress with the variation
of the length of the main roll hoop

Chas- Main Nor- | Shear Stress
- roll hoop | mal | stress | . .
sis difference Decision
tvpe length | stress | T-y (MPa)
YPE I (mm) | (MPa) | (MPa)
D 125 2559 | 3.13 252.77 The best value
G 145 337.2 3.40 333.80 —

Based on these considerations, choosing type D chassis is
the best. The relationship between the roll hoop length and
normal stress and shear stress T-y is the same, the greater the
value of the roll hoop length, the higher the value of normal
stress and shear stress T-y.

Type : Normal Stress Smax Type : Shear Stress Tx

Units: MPa Units: MPa

3/20/2019, 3:07:09 PM 3/20/2019, 3:07:15 PM
255.9 Max 66.81 Max
199.6 47.81

143.2 A\ 2881
86.8 fin: A\}‘b‘

Type : Normal Stress Smax

Units: MPa

3/20/2019, 3:12:04 PM
323.4 Max

253.5

183.6

a
Type : Shear Stress Tx Tyl?e : Normal Stress Smax
Units: MPa Units: MPa
3/20/2019, 3:12:09 PM 3/20/2019, 3:31:50 PM
64.57 Max 337.2 Max
48.75 264.9

32.92

Type : Shear Stress Tx
Units: MPa
3/20/2019, 3:31:55 PM

67.62 Max

49.49

31.36

13.23

Fig. 8. Autodesk Inventor simulation results on: @ — Normal stress test;
b — Shear stress T-x in type D chassis; ¢ — Normal stress test; d — Shear stress 7-xin type E chassis;
e — Normal stress test; f — Shear stress 7-x on type G chassis



The visualization results of each chassis are shown in
Fig. 10. Normal stress visualization shows results that are not
much different from the two. At the peak of the chassis, the
highest stress is represented by green as shown in Fig. 10, a, c.
The results of the visualization of the Shear stress T-y test
show differences in the results of chassis type D and type G
where: the peak of type D chassis is dominated by red and
light blue (Fig. 10, b) which shows a lower value compared to
the shear stress on the chassis type G indicated by (Fig. 10, d).

The important thing is that there is a difference in the
stress gradient that occurs at the top of the chassis as shown
in Fig. 10, b, d. The analysis results showed a higher stress
difference in the G type chassis compared to the D type
chassis. High stress difference affects the safety factor in the
chassis. From the results of this analysis, the type D chassis
has better security than the type G chassis. The small stress
difference has an effect on the safety of the chassis, this is due
to the high stress gradient which affects the residual stress
which will cause cracks in the chassis frame.

Fig. 11 shows a graph of the relationship between the
roll hoop length and the value of normal stress and torsional
stress, the simulation results show there are three types of
chassis, namely: chassis type C (red ellipse), D (black ellipse)
and E (green ellipse). Each chassis has the following normal
stress and torsional stress values: (312.6 MPa, 13.77 MPa),
(255.9 MPa, 14.33 MPa) and (323.4 MPa, 14.86 MPa).

The lowest results of normal stress values were obtained
in type D chassis, but for torsional stress values obtained in
type C chassis with a torsional stress value: 13.77 MPa. To
determine the best value in both chassis, it is done by calculat-
ing the stress difference between normal stress and torsional
stress. The results of this calculation are shown in Table 5.
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Fig. 11. Graph of the relationship between the main roll hoop
length and torsional stress

Table 5

Comparison of the difference between the value
of Normal Stress and Torsional with the variation
of the main roll hoop length

Chas- Main Normal | Torsional | Stress
. roll hoop ’ A . -
sis length stress stress | difference Decision
type (mm) (MPa) | (MPa) (MPa)
C 120 312.6 13.77 298.83 -
D 125 2559 14.33 241.57 | The best value
E 130 323.4 14.86 308.54 -

With the best value obtained in type D chassis. The rela-
tionship between the roll hoop length and normal stress and
torsional is the greater the value of the roll hoop length, the
higher the normal stress and torsional value. To analyze in more

detail, visualization of torsional

Type : Normal Stress Smax Type : Shear Stress Ty

Units: MPa Units: MPa
3/20/2019, 3:07:09 PM 3/20/2019, 3:07:15 PM

255.9 Max 3.13 Max

199.6 -1.13

Vo'
143.2 {7 \\‘ -5.39
>4
. i p: 4 9.65

simulations on chassis types C, D,
and E is displayed. Of the three
images, the focus is on the top
of the chassis. The torsional ana-
lysis results show the similarity
between the three chassis. This is
caused by the value of the torsion-
al stress which is not too far away.

The advantages of this study
are the variables studied more so
they can find out the lower limit
and the maximum limit of the roll

hoop length. Combining analysis
between normal stress and de-

a
Type : Normal Stress Smax Type : Shear Stress Ty
Units: MPa Units: MPa
3/20/2019, 3:31:50 PM 3/20/2019, 3:31:56 PM
337.2 Max 3.4 Max

264.9

flection, shear stress (T-x/T-y)
and torsional. Comparative re-
search refers to reference [13].
This analysis uses only simu-
lations, not yet accompanied by
experimental testing. Need fur-
ther research to implement it.
The development of this re-
search should be continued on
experimental testing to find out
the weaknesses of the results of
this analysis. Threat: The possi-
bility of failure of the results of

Fig. 10. Autodesk Inventor simulation results on:
a — Normal stress tests in type D chassis; b — Shear stress 7-y test in type D chassis;
¢ — Normal stress test on type G chassis; d — Shear stress T-y test on type G chassis

d this analysis is due to differences
in the simulation and experimen-
tal results. To minimize it needs
to be verified further.



Type : Torsional Stress T
Units: MPa
3/20/2019, 3:07:16 PM

Type : Torsional Stress T
Units: MPa
3/20/2019, 2:57:09 PM

13.77 Max

Type : Torsional Stress T
Units: MPa
3/20/2019, 3:12:11 PM

14.86 Max

10.02

Fig. 12. Autodesk Inventor torsional simulation results on the main roll hoop length: @ — 120 mm; 6 — 125 mm; ¢ — 130 mm

7. Conclusions

1. The relationship between the main roll hoop length
and normal stress and deflection is that the higher the
roll hoop length, the greater the value. The relationship
between the main roll hoop length and normal stress and
shear stress (T-x) is the opposite, while the shear stress

(T-y) is the same. The relationship between the main roll
hoop length and normal stress and torque is the higher the
main roll hoop length, the greater the normal stress value
and torque.

2. Type B chassis with a 504 mm high roll hoop and
125 mm long roll hoop meet the requirements of normal,
shear and torsional stress test results.
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