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ABSTRACT

One of the most crucial yet overlooked parameter in the suspension design stage is the ride frequency of the
system. The ride frequency plays a major role in determining the vehicle dynamics and it is one of the most
important handling characteristics involved in the spring design process.

This paper aims to give an insight on the topic of Natural Frequency, Ride Frequency and how they are valuable
in the design process of the springs used in automotive suspension systems.
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I. INTRODUCTION

When talking about a suspension system,
spring rates and damping levels are the parameters
that are often used. However, the process of arriving
at these values is often neglected. Much like
spouting peak horsepower without talking about
peak torque or better yet the torque curve, spring
rates and damping are rather meaningless without
taking your suspension frequency into account.

The quality referred to as “ride comfort” is
affected by a variety of factors, including high
frequency vibrations, body booming, body roll and
pitch, as well as the vertical spring action normally
associated with a smooth ride. If the vehicle is noisy,
if it rolls excessively in turns, or lurches and pitches
during acceleration and braking, or if the body
produces a booming resonance, occupants will
experience an ‘“uncomfortable ride.” The ride
frequency primarily determines the level of comfort
the occupants experience and the handling of the car.
[1]

The concept of ride frequency and its influence
will be discussed in detail.

I1. NATURAL FREQUENCY

Before we can examine suspension
frequency, we need to introduce the concept of
natural frequencies. Every [elastic] object, material,
etc. has a certain speed of oscillation that will occur
naturally when there are zero outside forces or
damping applied. This natural vibration occurs only
at a certain frequency, known as the natural
frequency.

Natural frequency, also known as eigen
frequency, is the frequency at which a system tends
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to oscillate in the absence of any driving or damping
force. [2]

The motion pattern of a system oscillating
at its natural frequency is called the normal mode (if
all parts of the system move sinusoidally with that
same frequency). If the oscillating system is driven
by an external force at the frequency at which the
amplitude of its motion is greatest (close to a natural
frequency of the system), this frequency is called
resonant frequency.If a spring which is subject to a
vibratory motion which is close to its natural
frequency the spring can start to surge. This situation
is very undesirable because the life of the spring can
be reduced as excessive internal stresses can
result. The operating characteristics of the spring are
also seriously affected.For most springs subject to
low frequency vibrations surging is not a problem.
However, for high frequency vibrating applications
it is necessary to ensure, in the design stage, that the
spring natural frequency is 15 to 20 or more times
the maximum operating vibration frequency of the

spring.

Nomenclature

C = Springk = Spring rate = M
Index D/d /6 (N/m.)

d = wire M = mass supported by
diameter  (m) spring (kg)
D = Spring n,= Total number of
diameter = coils

(Di+Do)/2 (M) n, = Number of active
Di= Spring coils

inside diameter p = pitch (m)
(m) u = motion of spring
Do = Spring element(m)

outside y = distance from
diameter (M) neutral axis to outer
Dy = Spring fibre  of wire (m)
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inside diameter g =

(loaded ) (M) Tensile/compressive
= = Young'zs stress (N/m2)
ffealls (i) ®, = Natural angular

F = Axial Force .
frequency of spring

(N)

Fi= Initial Axial (2999) .

Force Ny = atural frequency o
(close coiled spring (cyclesl/s)

tension spring) T = shear stress (N/m”)

G = Modulus of T = initial spring stress

Rigidity (N/m?) (N\/m?)

g Hﬂ = ;raverse T max = Max shear stress
ear Factor = 2

c + osyc™M ,

Ky = Wahl 0 = Deflection (radians)

Factor = [(4C-O= linear deflection

1)/(4C+5)}]+ (mm)

(0,615/C)

L = length (m)

Lo= Free

Length (m)

Ls= Solid

Length (m)

Consider a spring below subject to a vibration
amplitude u at a circular frequency ®

Consider a small element of the spring comprising
dn coils. The density of the spring material is p
and the length of the wire in the element is 7.D.dn.
If the wire diameter is d then the element has a mass
w?.d% p.D.dn

dm = ———
For a vibration amplitude u at a circular frequency ®
and at any axial location from coil n = 0 to coil n =
n, the inertial force amplitude is as follows.
n?.d? p.w?. u.D.dn

4

dF; = dm.w*u =

Fs Fs + dFy

The spring rate k for a helical spring is
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F_ Gd c?
5~ 8007105
In practice the term (1 + 0.5/C?) which approximates
to 1 can be ignored.
For the purpose of this analysis this is transformed to
B Gd*
~ 8.n,.D3
This equation represents the force for n, active
coils.
The spring force amplitude per active coil resulting
from a spring deflection per coil du/dn is
Gd* d*u
8.n,.D3 "dn?"’
Equating the forces on the spring element to zero the
equation below is derived.

dzu 2
m+ ccu=0

dF, = dn

2.m2.p.D%w?
Where, ¢ = iz
This equation is solved using the equation.

u=Asin (c.n) + B cos (c.n)
A and B are arbitrary constants.
For a spring fixed at one end and free at the other the
boundary condition occurs at u = 0 occurs at coil 0
and the condition du/dn =0 is applied at n = n,
Resulting in the solution B = 0 and cos(c.n,) = 0
from which

11.1'[2

cng =
This results in a set of natural(surge)frequencies as
follows

.d G
. /— rad/s
2nq.D 2.p
a.d G
fn= pp——— ’Z cycles/s

Where, a=1,3,5,....
For the important fundamental natural frequency,
this can be simplified to:

fn = %\/mzs cycles/s

Where,m; = mass of active part of spring
_n*d®.p.D.n,

B 4
K = spring rate =

Wy, =

4

8.1ny.D3

Note: The above analysis relates to a spring with
one end against a flat surface and the other end free.
The fixed... fixed case i.e. a spring located between
and in full contact with two plates results in similar
solutions where a = 2, 4, 6......This is also applicable
to a spring with one end fixed and against a plate
and the other end driven with a sin-wave motion.
The fundamental surge frequency resulting from
these scenarios are

d G
Wy, = —— . |[;—rad/s
n,.D 2.p

61|Page




Nandan Rajeev Journal of Engineering Research and Application

www.ijera.com

ISSN : 2248-9622 Vol. 9,Issue 3 (Series -111) March 2019, pp 60-64

d G
fo= T D? .\/% cycles/s  [3]

I1l. RIDE FREQUENCY

Ride frequency, derived straight from
Natural Frequency, is the suspension frequency
found in cars. This is how fast the suspension travels
up and then back down to the same point when you
drive over a bump. If cars did not have
shocks/dampers, the springs would continue to
bounce up and down at this rate for quite some time.

[4]

By examining the suspension frequency, we
are able to fairly accurately predict the handling
characteristics of the suspension and how it will
'react’ to driver inputs, road surface feedback,
brake/acceleration loading, and downforce loading.
The first step in choosing spring stiffness is to
choose your desired ride frequencies, front and rear.
A ride frequency is the undamped natural frequency
of the body in ride. The higher the frequency, the
stiffer the ride. So, this parameter can be viewed as
normalized ride stiffness.

Based on the application, there are ballpark numbers
to consider. [5]

0.5-1.0Hz - Passenger cars, typical OEM

1.0-1.5Hz - Typical lowering springs

1.5-2.0Hz - Rally Cars

1.5-2.5Hz - Non-Aero racecars, moderate downforce
Formula cars

2.5-3.5Hz - Moderate downforce racecars with up to
50% total weight in max downforce

capability

3.5-5.0+Hz - High downforce racecars with more
than 50% of their weight in max

downforce

Lower frequencies produce a softer
suspension with more mechanical grip, however the
response will be slower in transient (what drivers
report as “lack of support”). Higher frequencies
create less suspension travel for a given track,
allowing lower ride heights, and in turn, lowering
the center of gravity.

Ride frequencies front are rear are generally not the
same, there are several theories to provide a
baseline. [6]

Two examples below show exaggerated
plots of what happens with unequal ride frequencies
front and rear as the car hits a bump. In Figure 1, we
can see the undamped vertical motion of the chassis
with the front ride frequency higher than the rear.
The first period is the most dominant on the car
when looking at frequency phase, due to effects of
damping.
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The out of phase motion between front and
rear vertical motion, caused by the time delay
between when the front wheel and rear wheel hit the
bump, is accentuated by the frequency difference. A
result of the phase difference is pitching of the body.
To reduce the pitch induced by hitting a bump, the
rear needs to have a higher natural frequency to
“catch up” with the front, as shown in Figure 2. This
notion is called producing a “flat ride”, meaning that
the induced body pitch from road bumps is
minimized.

For a given wheelbase and speed, a
frequency split front to rear can be calculated to
minimize pitching of the body due to road bumps. A
common split is 10 — 20% front to rear. The above
theory was originally developed for passenger cars,
where comfort takes priority over performance,
which leads to low damping ratios, and minimum
pitching over bumps. Racecars in general run higher
damping ratios, and have a much smaller concern for
comfort, leading to some racecars using higher front
ride frequencies. The higher damping ratios will
reduce the amount of oscillation resultant from road
bumps, in return reducing the need for a flat ride.
Damping ratios will be explained in the next tech tip
in detail. A higher front ride frequency in a racecar
allows faster transient response at corner entry, less
ride height variation on the front (the aerodynamics
are usually more pitch sensitive on the front of the
car) and allows for better rear wheel traction (for
rear wheel drive cars) on corner exit. The ride
frequency split should be chosen based on which is
more important on the car you are racing, the track
surface, the speed, pitch sensitivity, etc.
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As an example of ride frequency split front
to rear, Figures 3 and 4 shows a simple example of a
single degree of freedom vehicle model over an
impulse disturbance. The ride frequency difference
is 10 percent, 70% critical damping, 100 km/h
speed, and 1.75 m wheelbase.

Once the ride frequencies are chosen, the
spring rate needed can be determined from the
motion ratio of the suspension, sprung mass
supported by each wheel, and the desired ride
frequency. Starting with the basic equation from
physics, relating natural frequency, spring rate, and
mass:

Spring rate:
1

=— 7

f - \/5 [7]

Where, F = NATURAL FREQUENCY (HZ2)
K = SPRING RATE (N/M)
M = MASS (KG)
When using these formulas, it is important to take
Mass as the total sprung mass for the corner being
calculated. That is, the axle weight divided by two,
minus an estimated or measured unsprung mass for
that corner (things like wheels, tires, brakes, control
arms, suspension components etc. all contribute to
unsprung mass. Anything that is not supported by
the springs).
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Solving for spring rate, and applying to a
suspension to calculate spring rate from a chosen
ride frequency, measured motion ratio, and mass:

K, = 4nf.*m,, MR*  [8]
Where, K, = Spring rate (N/m)
mg,, = Sprung mass (kg)
fr = Ride frequency (Hz)
MR = Motion ratio

Shown below in Table 1 is an example
using the above calculation. Table 1 shows spring
rates needed for a traditional suspension with one
ride spring per wheel, and a motion ratio of one. As
the suspended mass per corner and ride frequency
are changed, the corresponding spring requirement is
shown.
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Ride frequencies of different cars are
depicted below in Table — 2. The difference in ride
frequencies can be observed for cars made for
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different driving styles and conditions. [4].  Milliken, W.F. & Milliken, D. L. 1995, Race car
vehicle dynamics, SAE International, Warrendale,
PA USA.
— . _— [5]. Routley, Daniel “’Spring Rates and Suspension
- ik ;r;:w:",,.,.. "‘*f“ \“* ‘*""‘p,,m ;“ Frequuencies’’. DR Tuned Racing, 03/10/2017,
vl ol ol boe ol v ol ive o https://www.drtuned.com/tech-
ed | 0] & [ 0| fersd | nd | | B | W | ot | BiFe N . R
el s el el oniel wi izl o] ramblings/2017/10/2/spring-rates-suspension-
MR frequencies.
» [me] s (@] w ] w s o] [6]. V.SakthiMurugan, Rathan Kumar, Y.Suresh,
(AR AR ERE TN M.Kumaragnanamithra, Raveen Rohith and
0 10w B LIN| Lk ) It e D) M.Viswanathan, Kaleem Sherif, A numerical
‘."‘ - = :: D : e 2 - approach to Suspension Kinetics Analysis of FSAE
T [ w [ o[ = (s w5 a]o Car, International Journal ~of  Mechanical
BEINEE 3‘ " " . Engineering and Technology 8(10), 2017, pp. 910-
WAL [T Tl M N 917.
T B Im| 6 (@ ] ® %8 %]1a]u [7].  Turcanu, D & Nicola, Tulian &Prisecaru, Tudor
UV Do g (ool w [w| [ wlio]lmwiolw]w &Predoi, Cristian. (2016). The Natural Frequencies
W TR EEERENTaE Characteristics of a Mechanical System Using
T W mel g [l wlw[e ol Modal Analysis. Romanian Reports in Physics. 68
. . SN RE-IB &Y I3 HE SL IR MR AN HY [8].  Giaraffa, Matt “Tech Tip: Springs & Dampers”.
o VoG Oely| "; gl W B (w| ¢ ol u ) OptlmumG,
NG = REIEE ‘ ~AEEBCIEE http://www.optimumg.com/docs/Springs&Damper
s_Tech_Tip_1.pdf.
TABLE 2

1V. CONCLUSION

As discussed in this paper, ride frequency
of the suspension system plays a major role in the
design of the vehicle. By considering this parameter
the comfort levels and performance levels of the
vehicle are largely impacted.

However, the determination of the ride
frequency is largely based on assumptions and is
done by choosing a figure in the ball park range and
hence, requires in depth study and analysis.

REFERENCES

[1].  Riley,Robert “AUTOMOBILE RIDE,
HANDLING, AND SUSPENSION DESIGN AND
IMPLICATIONS FOR LOW-MASS
VEHICLES”’. Robert Q Riley Enterprises,
https://rgriley.com/ automobile-ride-handling-and-
suspension-design- and-implications-for-low-mass-
vehicles.

[2].  Michalczyk, Krzysztof. (2015). Analysis of lateral
vibrations of the axially loaded helical spring.
Journal of Theoretical and Applied Mechanics. 53.
745-755. 10.15632/jtam-pl.53.3.745.

[3]. Beardmore, Roy ‘’Helical Srings Surge/Natural
frequency’’. Royal Mech, 05/09/2009,
http://www.roymech.co.uk/Useful_Tables/Springs/

Springs_Surge.html

|
| Nandan Rajeev" Natural Frequency, Ride Frequency and their Influence inSuspension System |
+ Design” International Journal of Engineering Research and Applications (IJERA), Vol. 09, !
. N0.03. 2019. nn. 60-64 |

WwWw.ijera.com DOI: 10.9790/9622- 0903036064 64|Page



https://rqriley.com/%20automobile-ride-handling-and-suspension-design-
https://rqriley.com/%20automobile-ride-handling-and-suspension-design-
http://www.roymech.co.uk/Useful_Tables/Springs/Springs_Surge.html
http://www.roymech.co.uk/Useful_Tables/Springs/Springs_Surge.html

