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my sec? a
N BR balance bar
mm Cm, y
mm Cm, X
mm CT caset trail
HP/Ibs MPH Factor
N FMF
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"Power is Nothing Without Control" (by Pirelli)
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Balance bar
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$.1

Hoosier "FSAE

Goodyear Goodyear

Goodyear D1385, R065 - 20.0x6.5-13

$
!GoodYear site

caster trail %( * * $*

caster trail upright
* Wheel offset
* Offset

"l Goodyear *

TIRE SIZE |RIM SIZE CALCULATED ROLLING RESISTANCE AT THE
(INCHES) |(INCHES SPECIFIED LOAD AND INFLATION (POUNDS)
100 LBS|250 LBS (400 LBS|100 LBS|250 LBS| 400
11 PSI | 15PSI | 11 PSI | 15PSI | 15PSI | LBS 15
20.0x6.5-13| 6.0 0.93 4.56 8.81 .038 3.21 6.60

$
(GoodYear site)
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1999 Formula SAE 20.0x6.5-13 11 [psi] $#
(GoodYear site)

' #- a=0

load=282 [Ibs] "
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x
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/=19 "
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Spindel F.O.S. $.'

Front Hub $'
- Hub
caliper
$+ Hub $)
2.42[Mpa] Cosmos Works
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Front wheel exploded view $ &

Rear Hub $(
- Hub
st4043 Hub
" Hub upright
"Inshaft
"Outshaft
*
*
Hub
Inshaft $
Outshaft $ #
* upright Hub
Rear Hub $ RearHub $ $

Cosmos Works
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InShaft $,

InShaft F.O0S. $)
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OutShaft $+

OutShaft F.0.S. $ &
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$.6

$
(Theory Of Ground Vehicals 2001)

! %83
'$ %
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o

v

Cmy 375 mm
T 1300 mm
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%eA

banace bar
! Cmx
Cmx=1020 [mm] WB
2=1
258&( #
Rfy Rry
sin?(70/1700)= 2.36° * , &
!
$ )
| X o}
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m 320Kg !
1
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F, N ma O !s "
N
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Rrx  Rfx
Ry Ry
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$$

Rrx Rrxm Rfx Rfxm | Rry/Rfy Rry Rfy a
[N] [N] [N] [N] -] [N] N] | [m/s"2]
0 1884 0 1256 1.50 1884 1256 0.00
185 1813 135 1326 1.37 1813 1326 1.00
355 1742 285 1397 1.25 1742 1397 2.00
511 1672 449 1467 1.14 1672 1467 3.00
653 1601 627 1538 1.04 1601 1538 4.00
780 1531 820 1609 0.95 1531 1609 5.00
893 1460 1027 1679 0.87 1460 1679 6.00
991 1389 1249 1750 0.79 1389 1750 7.00
1075 1319 1485 1820 0.72 1319 1820 8.00
1145 1248 1735 1891 0.66 1248 1891 9.00
1191 1191 1948 1948 0.61 1191 1948 9.81
1200 1178 2000 1962 0.60 1178 1962 10.00
1241 1107 2279 2032 0.54 1107 2032 11.00
* Rrx Rfx
7 balance bar 7 - 7
7 7! 7
Rrx Rfx 7 1 7
R R, f FP,PRBR,FMA RMA KPA, p,Np, DWR 1$ %
Rrx Rfx
PF
&5 Z
R, WR N b b R, FMA DR O 1$
R, WR Np b F.i RMA DR O 1$ )
" FP, RP,
34

RP, FP, a
[ psi] [Mpa] [ psi] [Mpa] | [m/s"2]
0.0 0.00 0.0 0.00 0.00
41.0 0.28 15.0 0.10 1.00
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78.8 0.54 31.6 0.22 2.00
113.5 0.78 49.8 0.34 3.00
144.9 1.00 69.6 0.48 4.00
173.1 1.19 91.0 0.63 5.00
198.2 1.37 114.0 0.79 6.00
220.0 1.52 138.5 0.96 7.00
238.7 1.65 164.7 1.14 8.00
254.1 1.75 192.5 1.33 9.00
264.3 1.82 216.2 1.49 9.81
275.5 1.90 252.8 1.74 11.00

") )
3
X 149,286
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P
| Linear (RPBV)
. = = = =Linear (RPAV)
| = — Linear (RP)
15 2.0
Pf % [Mpa]
$ #
1$) 1$ , IP
1g 1P RP
Pf
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+ [Mpa] g0.5 -

Prvo =0.38 Prvi
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P P, (prv 119) 1 038 1S +

r v

RMF pr,, RMA 182Mpa 198mntT 360N I$ #&
FMF  pf,, FMA 149Mpa 285mm’ 425N 1$ #
RMF pr,, RMA 286Mpa 198mm* 566N 1$ 4
FMF pfg ., FMA 149 Mpa 285 mm?> 425N I$ #$
b/a balance bar
1g
I
L
a b
+
T FB
FMF Blance-par $ ) RMF FMF ib 13.24)
FBa | 13.
RMF Fﬁ )
FB FMF RMF 13.26)
1g balance bar FB
FB=785[N]
FB=991[N]
&(, balance bar
Rp=6 - balance bar
FP 5 (a2
PR
FP
FP= 131[N]
FP= 165[N]
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Spindel, Front Hub, Rear Hub, Wheel Core "

rotor caliper

FFSAE
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(1

) )(C
561.95 561.95 1 Kit
2 Drilled Rotor
2 Caliper
4 Pads
2 Rotor Bolt Kit
2 Install sheet
240 120 2 Front Hub
260 130 2 Rear Hub assembly
81.95 81.95 1 Caliper
102.33 102.33 1 Drilled Rotor
47.15 47.15 1 Pads
6.88 6.88 1 caliper to bracket bolt kit
9.96 9.96 1 Rotor Bolt Kit
45 45 1 Master Cylinder Rear
45 45 1 Master Cylinder Front
26.82 8.94 3
5.42 2.71 2
131.64 21.94 6
103.47 103.47 1
820 205 4 8
476 119 4
60 30 2 Spindel

3023.57

+
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Cosmos Works !

Front Hub
1. Materials
|No.| Part Name | Material | Mass | Volume
[ 1 hub2| [SW]6061 Alloy| 0.984125kg| 0.000364491 m"3

2. Load & Restraint Information

) Restraint
Restraint-1 on 5 Face(s) fixed.
<hub_frontl.SLDDRW>
| Description: |
Load

Force-1|on 1 Face(s) apply torque 381 N
<hub_frontl.SLDDRW>|with  respect to  selected| Sequential
reference using uniform Loading

distribution

Description: |

3. Study Property

Mesh Information
Mesh Type: | Solid mesh

|

| Mesher Used: | Standard
| Automatic Transition: | Off
| Smooth Surface: | On
| Jacobian Check: | 4 Points
| Element Size: | 7.1451 mm
| Tolerance: | 0.35726 mm
| Quality: | High
| Number of elements: | 15616
| Number of nodes: | 25734

Solver Information

| Quality: | High
| Solver Type: | FFE
| Option: | Include Thermal Effects
| Thermal Option: | Input Temperature
| Thermal Option: | Reference Temperature at zero strain: 298 Kelvin
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4, Stress Results

|Name| Type Min |Location | Max |Location
103.136 24.2477 (-24.99
0.000285076 mm, | /mmA2 mm,
plot1 |[VON:  von Mises N/mm”2 | 6.94514 (MPa) -
stress (MPa) mm, | ode: | 453073
Node: 20081 - 1017 mm,
24.7938 0 mm)
mm)

hub_frontl.SLDDRW--Stress-Plotl

5. Strain Results

|Name| Type Min |Location | Max | Location
(-
99.6323 (-
8.64662 mm, 24.2768
OFIES - | 0.000248772 mm,
ESTRN: 009
Plotl | £ Livalent strain | 114127 Element: | 36.1548
q Element: mm, 2932 mm.
382
- 27.0703
26.7941 mm)
mm)

37




hub_frontl.SLDDRW- Strain-Plot1

6. Displacement Results

Name | Type| Min|Location | Max | Location
14.3648 (-62.99
mm,
om mm, | 1,70378e- 74.9737
plot1 |VRES: Resultant ) - 005 m m
displacement Nosfjfé 15.2271 Node: ’
mm. 1184 13 49528e-
42.8955 . X
mm) 006 mm)

hub_frontl.SLDDRW- Displacement-Plotl




7. Design Check Results

hub_front1.SLDDRW-Design Check-Plotl

8. Appendix

Material name: [SW]16061 Alloy
Description:
Material Source: Used SolidWorks material
Material Library Name: SolidWorks Materials
Material Model Type: Linear Elastic Isotropic
Property Name | Value| Units| Value Type
Elastic modulus | 6.9e+010| N/m~2|  Constant
Poisson@ ratio | 0.33 NA|  Constant
Shear modulus | 2.6e+010| N/m~2|  Constant
Mass density | 2700 kg/m~3| Constant

Tensile strength| 1.2408e+008| N/m~2|  Constant

Yield strength| 5.51499+OO7| N/m"2| Constant

Thermal expansion coefficient| 2.4e-005| /Kelvin| Constant
Thermal conductivity| 170| W/(m.K)| Constant
Specific heat| 1300 J/(kg.K)|  Constant
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Spindel

1. Materials
No. | Part Name Material | Mass | Volume
[ . AISI 4130  Steel,| 0.853172| 0.000108684
’71 spindl_pliz_new1 normalized at 870C kg ‘ m”3

2. Load & Restraint Information

7 Restraint
Restraint-1 on 1 Face(s) fixed.
<spindl_pliz_new1>
| Description: |

Load

RemotelLoads-1|Load ( Direct Transfer ) on 2
<spindl_pliz_new1>|Face(s) apply force 3000 N along Z
direction at location (0 mm, -255

mm, O mm) with Coordinate

Systeml

Sequential
Loading

Description: |

3. Study Property

Mesh Information
Mesh Type: | Solid mesh

|

| Mesher Used: | Standard
| Automatic Transition: | Off
| Smooth Surface: | On
| Jacobian Check: | 4 Points
| Element Size: | 4.7737 mm
| Tolerance: | 0.23869 mm
| Quality: | High
| Number of elements: | 9168
| Number of nodes: | 14476

Solver Information

| Quality: | High
| Solver Type: | FFEPIus
| Option: | Include Thermal Effects
| Thermal Option: | Input Temperature
| Thermal Option: | Reference Temperature at zero strain: 298 Kelvin




4, Stress Results

Name | Type | Min | Location | Max | Location
(8 mm, (-
0.000107854 | 231318 14 65661e-
i n mm*2 |07 mm
VON: von Mises N/mm”2 | 132192 -
Plot1 (MPa)
stress (MPa) mm, | e |75 mm,
Node: 11592 | 95.1699 0856 | 22.3866
mm) mm)
spindl_pliz_new1-Spindel-Stress-Plot1l
5. Strain Results
|Name| Type Min| Location Max|Location
(8.80677 1.13885
5.67197e- mm, mm,
0.000683278
Plotl ESTRN: 010 | -1.73367 ) -
Equivalent strain | Element: mm, Elerzg% 16.5654
6136 | 94.1282 mm,
mm) 23.0075
mm)
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spindl_pliz_new1-Spindel-Strain-Plotl

6. Displacement Results

|Name| Type| Min |Location | Max | Location
(2.5
- mm,
15.1657
om mm. | 0.000293024 -
Plot1 URES: Resultant Node- ' m | 6:53835
displacement : 0 mm, mm,
P 436 Node: 139
70.1699 -
mm) 77.9301
mm)

spindl_pliz_new1-Spindel-Displacement-Plot1l
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7. Design Check Results

spindl_pliz_new1-Spindel-Design Check-Plotl

8. Appendix
Material name: AlSI 4130 Steel, normalized at 870C
Description:

Material Source: Library files
Material Library Name: cosmos materials
Material Model Type: Linear Elastic Isotropic

| Property Name | Value| Units|  Value Type

| Elastic modulus| ~ 2.05e+011|  N/m~2| Constant

| Shear modulus | 8e+010,  N/m~2| Constant




| Mass density| 7850| kg/m"3| Constant
| Tensile strength| 7.31e+008| N/m"2| Constant
| Yield strength| 4.6e+008| N/m"2| Constant
| Thermal conductivity| 42.7 | W/(m.K) | Constant
| Specific heat| 477| J/(kg.K)| Constant




Rear Hub-OutShaft

1. Materials
No.|  Part Name| Material|  Mass | Volume
1|0utShaft_Revs AlSI 4340 Steel,| 1.45064 0.000184794
normalized kg m”3

2. Load & Restraint Information

Restraint
Restraint-1 on 1 Face(s) fixed.
<OutShaft_Rev5>
| Description: |
Restraint-2 on 1 Face(s) fixed.
<OutShaft_Rev5>
| Description: |

Load
Force-1 on 1 Face(s) apply torque 1500 N Sequential
<OutShaft_Rev5>|with respect to selgcted 'ref'ererjce Loading
Face< 1 > using uniform distribution

Description: |
RemotelLoads-1|Load ( Direct Transfer ) on 1 Eace_(s) Sequential
<OutShaft_Rev5> apply forqe 3000 N along Y direction Loading

at location (-255 mm, 0 mm, 0 mm)
Description: |
3. Study Property

Mesh Information
| Mesh Type: | Solid mesh
| Mesher Used: | Standard
| Automatic Transition: | Off
| Smooth Surface: | On
| Jacobian Check: | 4 Points
| Element Size: | 5.6975 mm
| Tolerance: | 0.28488 mm
| Quality: | High
| Number of elements: | 8334
| Number of nodes: | 14919
Solver Information
Quality: | High
Solver Type: | FFEPIlus
Option: | Include Thermal Effects

Thermal Option: |

Input Temperature

Thermal Option: | Reference Temperature at zero strain: 298 Kelvin




4, Stress Results

|Name| Type Min| Location Max| Location
(-17.494
0.947911 (2'23;5m4 mm,
: '| 5.91373e+008 | 39.8559
: N/m~2
Plotl VOI\_I. von 128.587 N/mA~2 mm.
Mises stress Node: mm,
11385 | 122987 Node: 14869 -
' 0.459853
mm)
mm)
(2.23454 (-17.494
0.947911 mm mm,
' ' | 5.91373e+008
VON: von N/m"2 | 128.587 JmA 39.8559
Plot2 | "\ N/m”2 mm,
ises stress Node: mm,
11385 | -12.2987 Node: 14869 -
' 0.459853
mm)
mm)
OutShaft_Rev5-Out Shaft-Stress-Plotl
5. Strain Results
|Name| Type| Min | Location Max |Location
(6.50458 16.6337
- mm, mm,
5.49631e 0.00160167
ESTRN: 012 | 126.934 39.9279
Plotl . : . Element:
Equivalent strain | Element: mm, mm,
358
1942 | -2.47003 -
mm) 2.24312
mm)
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OutShaft_Rev5-Out Shaft-Strain-Plotl

6. Displacement Results

Name | Type| Min |Location | Max |Location
Om (0'mm, 0.000316955 71.0642
Plotl URES: Resultant Node- 40 mm, ’ m mm,
displacement : . 0 mm,

P 45| 1751 Node: 816
mm) 20.098
mm)

OutShaft_Rev5-Out Shaft-Displacement-Plotl
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7. Design Check Results

OutShaft_Rev5-Out Shaft-Design Check-Plotl

OutShaft_Rev5-Out Shaft-Design Check-Plot2




Material name:
Description:

Material Source:
Material Library Name:

Material Model Type:

AISI| 4340 Steel, normalized

Library files
cosmos materials

Linear Elastic Isotropic

8. Appendix

| Property Name| Value| Units| Value Type
| Elastic modulus| 2.059+011| N/m"2| Constant
| Shear modulus | 8e+010 | N/m”"2 | Constant
| Mass density | 7850| kg/m"3|  Constant
| Tensile strength| 1.11e+009| N/m~2|  Constant
| Yield strength|  7.1e+008| N/m~2|  Constant
| Thermal expansion coefficient| 1.239-005| /Kelvin| Constant
| Thermal conductivity| 44.5| W/(m.K)| Constant
| Specific heat| 475| J/(kg.K)| Constant
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Rear Hub-In

.M

’N_O.|Part Name | Material | Mass| Volume
| 2| OutShaft| AlSI 4340 Steel, normalized [ 0.398117 kg | 5.07155¢-005 m"3

Shaft !

aterials

. Load & Restraint Information

Restraint
Restraint-1 on 1 Face(s) fixed.
<InShaft_Rev5>
| Description: |

Load
Force-1jon 1 Face(s) apply torque 1500 N with .
‘ <InShaft_Rev5>|respect to selected . refergnce Fgces 1' > Seﬁgzgﬂ%l
using uniform distribution
| Description: |
. Study Property

Mesh Information
| Mesh Type: | Solid mesh
| Mesher Used: | Standard
| Automatic Transition: | Off
| Smooth Surface: | On
| Jacobian Check: | 4 Points
| Element Size: | 3.7027 mm
| Tolerance: | 0.18514 mm
| Quality: | High
| Number of elements: | 8945
| Number of nodes: | 14852
Solver Information
| Quality: | High
| Solver Type: | FFEPlus
| Option: | Include Thermal Effects
| Thermal Option: | Input Temperature
| Thermal Option: | Reference Temperature at zero strain: 298 Kelvin




. Stress Results

|Name| Type| Min |Location| Max| L ocation
1.83697e-
,{82&‘21 (Omm, | 1.92514e+008 ( 015 mm
Plotl| VON: von Mises stress -7 mm, N/m"2 '
Node: 40 mm,
197 | 20mm) Node: 40 15 mm)
InShaft_Rev5-700Nm-Stress-Plot1
5. Strain Results
|Name| Type| Min|Location| Max|Loca1ion
- (-5.7802
73 1.53717 mm,
34348 mm, | 0.0006446
Plot1 [ESTRN: Equivalent 008 | 6mm 0.000 39_ 39'?2512
strain| Element: : Element: :
5306 - 2626 -
18.9806 14.1053
mm) mm)
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InShaft_Rev5-700Nm-Strain-Plot 1

6. Displacement Results

|Name| Type| Min |L0cation| Max| L ocation

m (O mm, 1.83003e- (-38.8W21§11

URES: Resultant 40mm, | ’

Plotl , Node: 005m | 40 mm,
displacement 15

1 Node: 639 | -540077
mm)

mm)

InShaft_Rev5-700Nm-Displacement-Plot1
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7. Design Check Results

InShaft_Rev5-700Nm-Design Check-Plot1

8. Appendix
Material name: AlSI 4340 Steel, normalized
Description:

Material Source: Library files

Material Library Name: cosmos materials

Material Model Type: Linear Elastic Isotropic
| Property Name| Val ue| Units| Value Type
| Elastic modulus| 2.05e+011|  N/m"2| Constant
| Shear modulus| 8e+010| N/m"2| Constant
| Mass density | 7850  kg/m"3| Constant
| Tensilesrength|  1.11e+009|  N/m"2| Constant
| Yieldstrength| ~ 7.1e+008|  N/m"2| Constant
| Thermal expansion coeffici ent| l.23&005| /Kelvin| Constant
| Thermal conductivity | 445 WI(mK)| Constant
| Specific heat | 475 J(kgK)| Constant
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