Appendix S1: Transmittance error due to neglect
bulk modulus.

The equivalent electrical diagram of the compensator is given by Fig S1.1,
where Fig S1.1A and Fig S1.1B are with and without bulk modulus respectively.
The main components are the resistances (R; and R3), the capacitances (C; and

C5), the inductance of sprung mass (L) and the speeds (&, and &), which are
analogous to currents.
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Fig S1.1. Equivalent electrical diagram. (a) With bulk modulus, (b)
Without bulk modulus.
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The resistance R; corresponds with the viscous damping coefficient of cylin-
der ¢, while the resistance Rs is related to the system damping. Moreover, ca-
pacitance Cs represents the pneumatic capacity of gas accumulator. The unique
difference between the diagrams is the absence of capacitance C in Fig S1.1B,
because Cj represents bulk modulus. The relation between the electrical pa-
rameters and mechanical parameters are:
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The circuits of Fig S1.1 are equivalent to the circuit of Fig S1.2. Therefore,
there is an equivalent impedance for each case, with and without C;. Fig S1.2
shows currents (which are equivalent to velocities) through each element.

The voltage applied on inductance (L) and on equivalent impedance (I.q) is
the same. This voltage represents the force-deflection of the suspension, which
is described by:

din(t)
L dt

= Leg(ip(t) — @1 (1)) (S1.2)



(XaXe)

4%

Ox L ||

VA A A VAR e

Fig S1.2. Circuit equivalent of PHC

Equivalent circuit transmittance is obtained by applying the Laplace trans-
form:

zn(s) Leg(s)

T(s) = Tp(s) B Ms+ I4(s) (51.3)

The same transmittance equation is obtained in [1], which uses a control ap-
proach for the design of passive suspension. Such approach facilitates analysis of
the one-degree-of-freedom system [2]. The transmittance requires an equivalent
impedance for both cases.

The impedance expression without bulk modulus Iithout—k (S) is easy to
calculate, because it is a series circuit Ry + Ro + Cy with impedance:

SCQ(Rl + Rz) +1
SCQ

(S1.4)

Iwithouth (S) =

The impedance with bulk modulus I,k (s) is obtained by considering
R; + (C1//(Rg 4+ C2)). In this case, the impedance is:

R1801(5C2R2 + 1) + (SOQ(Rl + Rz) + 1)
Topith - 1.
tn-r(3) sC1(sCoRy + 1) + 5C (81.5)

If |[(C1C2R2s + Ch)|| << Co, Luithout—k = Twith—k. For practical appli-
cations ||(C1C2Ras + C4)|| < nCs, an acceptable approximation is obtained by
n = 0.03. Isolating the variable s of this simplification, the frequency in this
point is sp, which represents the maximum frequency value where the simplifi-
cation is valid. Eq. (S1.6) presents the s; calculation.
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The results show that the bulk modulus has a minor impact on the perfor-
mance of the PHC in frequencies of interest, subsection Bulk modulus effect
shows the frequency response with and without bulk modulus.



Nomenclature.

Complementary nomenclature of the main document.

C1 - Cylinder oil capacitance, m/N

Cy - Accumulator gas capacitance, m/N

Ay - Impedance variation when is not considered the bulk
modulus

A - Impedance variation divided by impedance with bulk
modulus

Ieq - Suspension system impedance

Lwith—K - Impedance with bulk modulus

Lyithout—k - Impedance without bulk modulus

L - Inductance of sprung mass

Ry - Cylinder resistance, Ns/m

Ry - Valve resistance, Ns/m
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