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‘The basic equation for calculating
TxL

torsional stiffness is: 6=
XxG

where: 0 =angle of twist, radians [see note 1]
T=applicd torque, in-1b
Liengih of member, inches
Geshear modulus, pi [see note 2]
Kefsee next]

2
sside diametr, inches
nside diameter, nches

et
Forsomd tube: - K= (r

where: 1

For any thin tube of uniform thickness:
a8
U
‘where: A=enclosed area see note 3]
t=thickness,inches
Urperimeter, inches [sce note 3]

K=

For hollow round tube longitudinally spit
(. "C-section):

P
5
R —

t=wall thickness, inches

et

Fadian =57, degrees

Bote2: G forsecl = 11,100000ps1
foraluminum =3,790,000pst

Bote:3: To b precise,boththe area and the perimeter
Should be measured from the mid: paint of
the thicknes o the wall. For thin-wlled,
Targe tubes, he diference i neglighie.
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For a uniform beam supported at the ends with a
single point load in the middle:

For a uniform beam supported at the ends with a
gistributed load:

where: y=deflection (at any point), inch
¥ e =maximum deflection (at center), inch
W=point load, Ib.
Lelength between supports, inch
‘oung’s modulus [see note 1]
I=moment of inetia of section [see note 2]

note 1: Young’s modulus (“E”)
for steel=30,000,000psi

for aluminum=10,000,000psi
note 2: for a solid rectangular beam
bd®
=2
12

Note: Hollow rectangle beams can be handled by
subtraction. The values of "I" for many other shapes can
be found in engineering reference texts and suppliers.
catalogs. For round tubes, see the illustration,
"Calculating Column Buckling" on page 75.
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Material

Sitka Spruce
Magnesium
Wrought Alum
GAL4V Titanium
HT Steel

Uni HM CF

Uni HS CF

Bid HM CF

Uni Aramid

UTS E
(ksi)  (msi)
0019
0 6
70 105
170 165
180 30
10 456
263 168
85 102
167105

D
(Ib/cu-in)
0.018
0.065
010
0.165
030
0.067
0.055
0057
0.05

UTS/ID

556
615
700
1037
600
1642
4782
1491
3340

ED

105
9

105
101
100
681
305
179
210
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Multiply: by: to get: Multiply by:

LINEAR

inches X254 = millimeters (mm) x0.03937

feet x0.3048 meters (m) x3.281

yards x0.9144 = meters (m) x1.0936
AREA

inches? X 645.16 millimecers2(mm) x0.00155

feec? x0.0929 = meters(m) x10.764
VOLUME

quarts x0.94635 ers (1) x1.0567

allons x3.7854 iters (1) x0.2642

Feetd x 28317 ers (I x0.03531

feet® x0.02832 nters?(m?) x35.315

fluid oz x29.57 = milllicers (mi) x0.03381
MASS

ounces (av)  x28.35 ms (g) x0.03527

pounds (av)  x 0.4536 = Kilograms (kg) X 2.2046
FORCE

ounces-flav)  x0.278 = newtons (N) x3.597

pounds-flav)  x 4.448 = newtons (N) x0.2248
TEMPERATURE

Degrees Celsius (C) = 0.556 (F — 32) Degree Fahrenheit (F) = (1.8C) + 32

ENERGY OR WORK (Watt-second = joule= newton-meter)
.3558

foor-pounds  x 1.35 oules (]) x0.7376
B x1055 oules () x0.000948
PRESSURE OR STRESS
pounds/sq in.  x 6.895 = kilopascals (kPa) x0.145
TORQUE

pound-inches  x 0.11298

= newton-meters (N-m) x8.851
pound-fect  x 1.3558

ewton-meters (N-m) x0.7376

pound-inches  x 0.0115 ilogram-meters (Kg-M) ~ x 87

pound-feet  x0.138 = kilogram-meters (Kg-M) ~ x7.25
POWER

horsepower  x 0.74570 = kilowats (kW) x 134102
COMMON METRIC PREFIXES

mega (M) ,000,000 or 106 centi(c) = 0.01 or 10-2

ilo (k) 1000 or 103 milli (m) = 0.001 or 10-3

hecto (h) =100 or 102 micro (u) = (1)0.000,001 or 10-6

0 get:

= inches
= feet
= yards

quarts
allons
eet3

= feet®

= fluid oz

= ounces (av)
= pounds (av)

= ounces-fav)
~ pounds-Fav)

- foot-pounds
=B

- poundsisq in

- pound-inches
pound-fect

- pound-fect

~ pound-fect

- horsepower
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torsional  structure  torsional
siiffness,  weight, stiffness/weight
Ib-fe/degree  Ibs Ibs

VEHICLE

Twin-Tabe Type:

MB W25 F1 (1935):  490*

MB W125 F1 (1937): 1470* 144 128
MB W154 F1 (1938): 2000*
ERA G-type (1952): 3000 <100 30+

Four-Tube Type:

Maserati F1 (1957): 250

Indy roadster (19505): 500-1000 st 150
Sprinccar (19909):  550-600 165

Space Frame Ty,

MB W196 (195 ) 4000 792 50.5
Lotws 21 F1 (196): 700 82 85
Lotus 24 F1 (1962): 1000 72 139
Stressed-Skin Type:

Lotws 25 F1 (1962 2400* 70 343
McLaren F1 (1966): 11000

Lotus 79 F1 (carly '79): 3000 95 316
Lotus 79 F1 (late '79): 5000 85 58.8
Lotus F1 (1980): 10000 75 1333
Lola F1 (1993): 30000 80 375.0
Mygale F2 2006): 10000 65 154
Backbone Type:

STPindy *

wrbocar (1968): 35000 137 2555
Lotus Elan (1962): 4500 75 60.0
Notes

1) All except the Lotus Elan are open-wheeled race cars.

2) "MB" stands for Mercedes-Benz.

3) Values marked with an "*" are believed to be measured with the
engine installed.

é)ﬁ\lo correction for wheelbase has been made.
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The basic equation for calculating the load
required to bucklc a long column is:

pertll

load to buckle column, Ib
E=Young's modulus, psi (see note 1)
c=end fixity coefficient (sec note 2)
L-length of column, inches
I=moment of inertia, inches?

where:

For thin wall round tube: =zt

side radius of tube O
all thickness

where:

B -b*
12

For thin wall square tube: I=

where: B=outside dimension
wall thickness

Note 1: Young's modu
For steel = 30,000,000
n = 10,000,000psi

s ("E")

sce text): For fuly restrained ends, -4
inted” ends (free to rotare) c=1

F F

bbb

k4
e=1 =4
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LATERAL FORCE, pounds
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Steel leaf:
Stecl coil or torsion bar:
Composite leaf:

Rubber, compression or shear:
Rubber, tension:

17
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THE RACE CAR CHASSIS

Design, Structures and Materials for Road, Drag and Circle Track
Open- and Closed-Wheel Chassis

Forbes Aird
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DAMPING FORCE, pounds

DAMPING FORCE vs VELOCITY

4 8 12 16 20 24

STROKING VELOCITY
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