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Biiaci e dyxce sarcnusoro wacmun oo mpancnopmio-
. sacoby, na axiii 6ydyemnca seco xy3o6. Bei soeniwmni
HABANMANCENHA MPANCHOPMIL020 3ACO0Y EKIIOUAIOML
saacny 6azy, axy niompumye waci. [poexmyeanns ma
AHATTZ WACT 2P OB GANCTUSY POTIL 6 CIMBOPEHNT mpar-
cnopmuozo zacody. 1o6 posxpumu denomen asmomo-
dina xnacy Formula Student, 6yno suxonano modenio-
Buoin 6 Autodesk Inventor ai aminoio dosxcunu dyau
Deanexu i cmamuunozo nasanmaxceuna 9, 6 ma 5 xH.
Ma&pimam waci € syaneuesa cmMaib 3 Mexawiuiu-
MU 6JC mamu, sidnosionumu do HopMamusHux
mmtﬂap's. Peaynvmamu, ompumai 6 danomy doci-
dcenni, noxazyioms, wo criseidnowenns 00exCuHU
ao.r.wmi' dyeu Geanexu do HOPMAALIOZO Hanpylcen-
ua 1 npozuny oonaxose, uM viivuie IHAMEHNA D08~
nu zonoendldyzu Geanexu, mum Guue Inavenns nop-
Manbiozo nanpyxceuns i npozuny. Cnissiduowennn
MidC 008XCUNOI0 207106101 Oy2u Beanext i HOP MATLHUM
HANPYHCEHHAM NONAZAE 6 NMOMY, WO HUM OiNbide 3a-
wenns dosdicuny 20106101 Oy2u ODeanexu, mum Guuie
InaAqeNHA HOPMATbH020 Hanpyscenna. Y moii wac ax
cnisgiduowenia mixc dosicu 010 207106101 Oyzu Geane-
KU1 HARPYHCEUNAM CYEY NOKAZYE, w0 wum Hiasue dos-
aHeua 20106101 dyeu Beanexu, MuM HuNcHe Inawenns
nanpyzu zcyey T-x. Cniseionomenns mixe 006cun010
..rwﬁuoi' dyeu BGeanexu, HOPMATBHUM HANPYNCEHNAM
1 nanpyxcennam acyey T-y odnaxose, a came, 4um oinb-
we anaxenns dosncunu 20a06H01 dyzu Geanexu, mum
Gule IHAHCHNA HOPMATLHOZO HARPYICennA | nanpy-
sicenns acyey T-y. Cnissionomenns dosxicunu 20106-

i dyzu Geanexu 00 HOPMATLHUX HANPYNCENL NOTAZAE
8 moMY, Wo HuM binvuee dosdcuma 20106101 dy2u Geane-
Kit, MUM 6lGe IHAMEHNA HOPMATLHOZ0 | KPYMILTLHOZ0
nanflyacenns. Peayavmamu sunpobyeans nopmansiio-
20, ICYBHO20 | KPYMUNBLHOZ0 HANPYNCEUNA NOKAZATU,

waci muny B 3 eucomoro zonoenoi dyzu Gesnexu
504 mm i dosxcunoro 125 um gidnoeidae sumozam

Kmouosi caosa: waci, npoexmysania ma anauis
waci, modemosanns ¢ Autodesk Inventor, amina doe-
acunu dyau Geznexu, Mexaniuni nacmugocmi
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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 u.\'rml] 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 underthe CC BY license
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When chassis accepts static and dynamic loading is
acomplex problem and needs tobe caleulated 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 light weight 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 oceurs 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
forees and axial forees. 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 s%m 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 e Strength 420 MPa

Thermal Conductivity A7.600 W /m-K
0.0000120 1/K

0.480 kg K

Lincar Expansion

Spesific heat

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 (FSALE).

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
rariations in roll hoop length, testing the chassis includes
(deflection, stress and torsional), boundary conditions (ten-
sion<yield stress , deflection<25mm), 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 5 kN. Where
F1is 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=5kN 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. Plaqned 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 T-y and torsional
on roll hoop height: 504 mm with variations in the main roll hoop type (4—/) length

Chasis Main roll hoop length Deflection Normal stress Shear stress T-x Shear stress Ty Torsional
type (mm) (mm) (MPa) (MPa) (MPa) ({ MPa)
A 110 1.002 290.4 22.75 12,61
B 115 1.097 2921 3011 13.20
C 120 1.138 3126 22.49 13.77
D 123 1.197 25359 66.81 3.13 14.33
E 130 1.258 323.4 64.57 3042 14.86
F 135 1.320 333.6 64.37 30.50 15.38
G 140 1.383 343.8 6418 30.57 15.88
H 145 1.448 337.2 67.62 3.40 16.37
1 130 1.514 369.3 2895 63.73 16.84
0400
0204
0 Min
E
a b
Type tress T Type : Shear Stress Tx s T
Unils:
322019, 732405 PM 19, 7:32:08 PM 202019, T:32:07 PM
6346 Max 5 Max 12.61 Max _
4964
3382
%
218
-13.64 Min
"
-
c d e

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 T-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 MPa, 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-v 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 H}e 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 £ (green ellipse). The normal
displacement and stress values for each type €, 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 £ 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 {ffthen 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.

— 400 y L6
§ 350 A = [, =
= 300 +—= T 12 =
£ 250 """‘ , — 1 %.
& 200 g i [
g 150 = 06 F
ERaLY 04 =
Z 50 0.2
0 0
IT 115 12 125 13 135 14 145 15
Roll hoop Length (cm)
——Nomal stress ——deflection

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 €, D and E. The
normal value of stress that occurs shows almost the same
results as shown in Fig. 5,¢-¢ 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. b.d. /.

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
2559 MPaand 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 T-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— ey Normal Shear _Strcss N
sis it strcsls stress IT-x dlffcrclnce Decision
type (mm) (MPa) | (MPa) (MPa)
n 125 66.81 189.09 | The best value
E 130 64.57 25883 -
G 143 6762 | 26948 -

¢ : Normal Stress Sma
MPa

2019, 2:57:02 PM
3126 Max

2448

1771 0683

1094 455

417 0228

-36.1 Min i Min

*t' % w’
., -,

¢ - Mormal Stress Smax

07:00 M
Max

0.4

-26 Min

Type : Displacement Type : Normal Stress Smas
Unil Units: MPa
32000009, 50703 P

12072019, 3:12:04 PM
L 3134 Max
Ma: 1,197 min

1955 |~ 2535
0718 e
0479 [y
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0 Min e
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Uinats: iy
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0503
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Fig. 6. Autodesk Inventor simulation results on: @ — 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 shflv 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 £ chassis (Fig. 8,d), followed by type £ and type &
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 b{f§t.

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 T-y

Table 4

Bomparison 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
! rollhoop | mal | stress | . L
sis ) difference Decision
type length | stress | T-y (MPa)
¥ (mm) | (MPa) | (MPa)
D 125 2559 | 313 25277 The best value
o 145 3372 3.40 333.80 -

Bascc.m these considerations, choosing type D chassis is
the best. The relationship between the roll hoop length and
normal stress and shear stress Ty 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 Siress Smax Type : Shear Stress Tx Type = Normal Stregs Smax.
Linits: MPa Units: MPa Units: MPa
3202015, 3:07.03 PM 32072019, 3:07:15 PM 322019, 3112:04 PM
2559 Max 6681 Max 323.4 Max
199.6 181 2515
1432 3581 1836
[TEE]
6.8 L2
439
04 92
26 Min
<26 Min 2871
iy
v i, 5
-, -
a c
Type : Shear Stress Tx Type : Normal Stress Smax Type : Shear Stress Tx
Units: MPa LUnits: MPa Units: MPa
32012019, 3:12:09 PM 31202019, 3:31:50 PM 2002019, 3:31:55 PM
64.57 Max 337.2 Max 67.62 Max
4874 264.9 49.49
29 3136
171
1323
128
-4.9
-14.54 Min
te
x

Fig. 8. Autodesk Inventor simulation results on: @ — Normal stress test;
b — Shear stress T-rin type Dchassis; ¢ — Normal stress test; d — Shear stress T-x in type £ chassis;
e — Normal stress test; f — Shear stress T-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, ¢.
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, ).

The important thing is that there is a difference in the
stress gradient that oceurs at the top of the chassis as shown
in Fig. 10, b, d. The analysis results showed a higher stress
difference in the & 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 eracks in the @hassis 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 caleulation 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

C h_us- l'(}?i{;::}p Normal | Torsional _Stl‘css N
sis length stress stress | difference Decision
type | o) | (MPa) | (MPa) | (MPa)
[ 120 3126 13.77 298.83
I 125 14.33 241.57 | The best value
E 130 14.86 308.54

Witlfilhe best value obtained in type D chassis. The rela-
tinnslnp“.ween 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 Sercss Smax Type : Shear Stress Ty

Units: MPa Units: MPa
32002019, 3:07:09 PM 3202019, 3:07:15 PM
2539 Max 313 Max
1996 113
Fa!
143.2 A\ 539

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

5 hoop length. Combining analysis
between normal stress and de-

a

Type - Normal Stress Smax Type : Shear Stress Ty
Units: MPa Units: MPa
3202019, 3:31:50 PM 3202019, 3:31:56 PM

337.2 Max 3.4 Max

1649

192.6

1204

481

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 T-i test in type Dchassis;
¢ — Normal stress test on type G chassis; d — Shear stress T-ytest 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 Type : Torstonal Stress T
Units: MFa Units: MP:
H202019, 15700 P 320019, 10716 PV

13.77 Max 14.33 Max

Type : Torsional Siress T
Units: MPa
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Fig. 12. Autodesk Inventor torsional simulation results on the main roll hoop length: @ — 120 mm; b — 125 mm; ¢ — 130 mm

7. Conclusions

L. The relationship between the main roll hoop length
and normal stress and deflection is that the higher the
roll hoop length, the greater the \.ue. The relationship
between the main roll hoop length and norm{f@stress and

(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.

shear stress (T"x) is the opposite, while the shear stress
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