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Abstract. In order to study the effect of the interaction between different inertial channels and
decoupler membrane channels on the hydraulic mount characteristic. Firstly, the effect of the
single inertia channel and decoupler membrane channel interaction on the hydraulic mount
characteristic is analyzed. Secondly, a multi-inertia channel hydraulic mount model with nine
structures and four combination schemes is proposed. Among them, the mount's structure includes
long inertia channels, short inertia channels, different inertia channel cross-sectional areas, and
the number of inertia channels. And then, the number of inertia channels, the cross-sectional area,
and the interaction between long and short inertia channels and decoupler membrane channels are
analyzed for their effects on the hydraulic mount characteristics. Finally, the effect of the
interaction between the inertial and decoupler membrane channels on the time-domain
characteristics of the hydraulic mount at different excitation amplitudes. The results show that the
number of inertia channels, cross-sectional area, and the interaction between the number of long
and short inertia channels and decoupler membrane channels directly affect the vibration isolation
performance of hydraulic mounts at high and low frequencies.

Keywords: hydraulic mount, inertia channel, decoupler membrane channel, interactions.
1. Introduction

The engine mounts are vibration-isolating elements installed between the vehicle frame and
the engine, which play an important role in improving the Noise, Vibration, and Harshness (NVH)
of the vehicle. The desired properties of mounts require large stiffness and damping property under
low-frequency large-amplitude excitation and small stiffness and damping under high-frequency
small-amplitude excitation [1]. Among them, the inertial channel combined decoupler membrane
structure is the most common hydraulic mount available. Singh [2] gives a linear mathematical
model of the combined inertial channel and decoupler membrane hydraulic mount. Kim [3]
identified the nonlinear characteristics of the inertia channel of the hydraulic mount based on the
linear model proposed by Singh [2] to obtain the lumped parameter model of the hydraulic mount.
Geisberger [4] obtained experimentally a nonlinear mathematical model of the combined inertial
channel and decoupler membrane hydraulic mounts. Yoon [5, 6] proposed linear time-invariant,
nonlinear and quasi-linear hydraulic mount models and used the models to predict the transfer
forces of hydraulic mounts under sinusoidal excitation. Reference [7] shows that the single inertia
channel hydraulic mount loss angle peak at 7-15 Hz cannot meet the engine mount wide frequency
isolation. Based on the disadvantages of single inertia channel hydraulic mounts, scholars focus
on the center of attention for multi-inertia channel hydraulic mounts or bushings for research.
Zhang [8] studied the effect of the number, size, and length of inertia channels on the
low-frequency dynamic performance of hydraulic mounts. Benjamin [9] experimentally analyzed
the effect of the number of inertia channels on the dynamic characteristics of hydraulic mounts.
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Identification and mathematical modeling of the parameters of a multi-inertia channel hydraulic
bushing system by an experimental approach by Yang [10]. Yang [11] analyzed the effect of
different combinations of inertia channels or orifice flow paths on the low-frequency dynamic
characteristics of hydraulic bushings. Tan Chai [12, 13, 14] for mathematical modeling of
hydraulic bushings by different combinations of inertial channels and orifice flow paths; then, the
effects of different inertia channels and orifice flow paths on the dynamic and time-domain
characteristics of the hydraulic bushing are analyzed numerically and experimentally. Lu [15]
derives a collective parametric model of the hydraulic bushing with the number of inertia channels
equal to 2 and performs dynamic characterization. Li [16] proposed a hydraulic mounts model
with different inertia channel and orifice flow path combinations, but this structure hydraulic
mounts without considering the decoupler membrane channel. In summary, research on multi-
inertia channel hydraulic mounts or multi-flow channel hydraulic bushings has focused on the
effects of the number and structure of inertia channels on the characteristics of hydraulic mounts
or hydraulic bushings. However, studies on the interaction of multi-inertial channels with
decoupler membrane channels have not been reported.

To study the effect of different inertia channels and decoupler membrane interactions on the
hydraulic mount characteristics. This paper first analyzes the characteristics of a combined single
inertia channel and decoupler membrane hydraulic mount; Proposes 9 different combinations of
hydraulic mounts with different numbers of inertia channels, long and short inertia channels, and
different cross-sectional area inertia channels; Analysis of the effect of decoupler membrane
channels interacting with combined 4 schemes of multiple inertia channels on hydraulic mount
characteristics.

2. Hydraulic mount with decoupled membrane and inertia channel
2.1. Hydraulic mount high and low frequency characteristics

Fig. 1 shows a schematic diagram of the hydraulic mount, where Fig. 1(a) shows a profile
diagram of the hydraulic mount, and Fig. 1(b) shows a lumped parameter model of the hydraulic
mount. The engine mounts are supported by mainspring rubber elements that provide a certain
amount of stiffness and damping to support the weight of the static engine, denoted by K, and B,.,
respectively; C; and C, are the volume flexibility of the upper and lower chamber; P; and P, are
the upper and lower chamber pressures; Q; the flow rate through the inertial channel; Q, is the
flow through the decoupler membrane channel. The narrow inertial channels and decoupler
membrane channels provide large damping for the mounts as the fluid flows through the inertial
channel and decoupled membrane channel when the mounts are subjected to external excitation
Xe.

Upper Main

Chamber Rubber
Inertia :Q
Track —_

e
Lower Decoupler :©
Chamber— \ », 0y
Flexible Rubber Diaphragm A,
a) b)

Fig. 1. Hydraulic mount a) profile diagram and b) lumped parameter model

According to Fig. 1(b), the mathematical model of the lumped parameters of the hydraulic
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mount can be solved by referring to the references [4, 16] as shown in Egs. (1)-(5):

{P1(t) — P,(t) = ;Q;(t) + R;Q;(2), 1

Py (t) _/fz(t) =1404(t) + R4Qu (1),

Pl(t)=C—p9‘ce(t)—Qi(t):Qd(t), Pz(t)zQi(t):Qd(t)’ @
1 1 2

R, = Ryy + Rye(alxoarctan(Qa/Qo), 3
Fr = ByX,(t) + Kyx.(t) + (Ap — Agpnc) (P1(t) — Po(t)) + ApPo(t) + AgRqQqu(t) = 0, 4)

where Aggp, is to better express the effective area variation of the decoupler membrane under
different excitation amplitudes, and the specific solution is referred to the reference [4]:

2 P, — P
—Xxgarctan [( 1 2)/P0] — Xgmax

A
Agfne = 0544 — ?darctan = ) (5)
1

where, [; and R; are the inertia and resistance of the fluid through the inertia channel, and I; and
Ry are the inertia and resistance of the fluid through the decoupler membrane channel. The first
term I;Q; (t) and I;Q4(t) on the right side of Eq. (1) represent the pressure drop generated by the
inertia coefficient of the fluid in the inertial channel and the decoupling membrane channel,
respectively, and the second terms I; Q4 (t) and R;Q,(t) represent the pressure drop generated by
the viscous damping of the fluid in the inertial channel and the decoupler membrane channel,
respectively. Where R, is the linear fluid resistance of the flow through the decoupler membrane
channel, x; = V;/Aj is the position of the decoupler plate, the decoupler membrane flow volume
is denoted as V; = [ Qdt, A, is the area of the decoupling plate, x, is the height of the decoupler
cage, Q, is used to produce a clear switching response, and R, is the nonlinear fluid resistance
factor in the decoupler membrane. The values of the hydraulic mount parameters are shown in
Table 1.

Table 1. Hydraulic mount structure parameters

Symbol Parameter Value

Ay Effective piston area 2.5%10° m?
¢, Upper chamber compliance 3.0x10"" m%/N
C, Lower chamber compliance 2.6x10° m*/N
Iy Fluid inertia in decoupler 7.5x10* kg/m*
Ryg4 Linear fluid resistance in decoupler 1.17x107 kg/(s:m*)
K, Upper chamber stiffness 2.5x10° m/N
B, Upper chamber damping 100 Ns/m

Py Pressure normalized constant 10 N/m?

Qq Flow normalized constant 1.0x10° m¥/s
Ry Nonlinear resistance constant in decoupler 1.0x10* kg/s-m*
Ximax | Half decoupler cage height 5.3x10*m
Xy Decoupler position control constant 2.62x10° m
X Decoupler switching function shape control constant 1.0x10° m

o Fluid density 2660 kg/m?

n Fluid viscosity 0.06 Pa-s

d; Inertia channel cross-sectional area 57x10% m

L Inertia channel length 100x10° m

The expression for the complex stiffness of the hydraulic mount can be obtained by combining
Egs. (1) to (5) in Eq. (6):
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Fr
Kn(s) = £ (). ©)

Low-frequency 0-30 Hz excitation amplitude numerical calculation can be obtained
considering the nonlinear decoupled membrane hydraulic mount frequency response
characteristics (dynamic stiffness and loss angle), as shown in Fig. 2(a), (b). we can observe strong
amplitude and frequency nonlinearities in the dynamic stiffness and loss angles. Hydraulic
mount’s initial values of dynamic stiffness and loss angle start from 250 N/m and 0 (Deg),
respectively, and increase with frequency, then reach the intrinsic frequency and peak frequency
of dynamic stiffness and loss angle, and then decrease slowly with the increase of excitation
amplitude x,. Similarly, in the numerical calculation of the high-frequency 25-200 Hz, the
excitation amplitude is x, = 0.5, 0.075, 0.1 mm, respectively, as shown in Fig. 2(c), (d). Under
high-frequency excitation, the hydraulic mounts exhibit dynamic characteristics similar to those
of low frequency with strong amplitude and frequency nonlinearity. However, the hydraulic
mounts show a “bending” frequency response at 100-150 Hz in the high-frequency region, which
is due to the unstable region caused by the decoupled membrane nonlinearity, which is explained
in detail in the literature [4].
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Fig. 2. Dynamic characteristics of hydraulic mount: a) low frequency excitation dynamic stiffness,
b) low frequency excitation loss angle, ¢) high frequency excitation dynamic stiffness,
d) high frequency excitation loss angle

For the dynamic stiffness Kj(s) of the hydraulic mount, it can be decomposed into the
contribution of the rubber Kj,.(s) path and the hydraulic K, (s) path, which is expressed as
follows:

_ _ Frr _Frp
Ky (s) = Kp, (s) + Kpp(s), Kpr(s) = x_(s)' Kpp(s) = X (s). (7

e

To analyze the variation of dynamic characteristics of the mounts with different excitation
amplitudes. Numerical simulations of the variation of the mount dynamic stiffness and loss angle
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for the excitation amplitude X, = 3.0 mm are shown in Fig. 3(a) and X, = 0.05 mm in Fig. 3(b).
From Fig. 3(a), (b), it can be seen that the dynamic stiffness of hydraulic mounts below SHz is
mainly controlled by the rubber part, and the 5-20 Hz hydraulic mounts are controlled by the
hydraulic part. However, the role of the hydraulic part is significantly reduced in 20 Hz-30 Hz.
The dynamic stiffness and loss angle of the hydraulic mounts increase at excitation frequencies of
20-30 Hz due to the increase in the rubber damping term with increasing frequency; According to
reference [2], it is known that the damping B, of rubber is very small, so the magnitude of the
dynamic stiffness value of the rubber part depends mainly on the rubber stiffness K. Fig. 3(c), (d)
can be observed that the dynamic stiffness and loss angle of the rubber part of the hydraulic mount
in the high-frequency range of 25-200 Hz increases slightly with the increase of frequency;
However, the contribution of the hydraulic part to the hydraulic dynamic stiffness and loss angle
is greatest under high-frequency small amplitude excitation [5, 6].
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Fig. 3. Contribution of rubber and hydraulic paths to hydraulic mount: a) low frequency dynamic stiffness,

b) low frequency loss angle, c) high frequency dynamic stiffness, d) high frequency loss angle
2.2. Single inertial channel and decoupled membrane channel interactions

Fig. 4 shows the variation of flow Q; and Q for the inertial channel and decoupler membrane
channel at frequency f =5 Hz, amplitude A = 3.0 mm and frequency f = 100 Hz, amplitude
A = 0.05 mm. The flow through the decoupler membrane channel at frequency f = 5 Hz and
amplitude A = 3.0 mm are negligible. At f = 100 Hz, the flow through the decoupler membrane
channel is greater than that of the inertial channel. It can be seen that the inertia channel plays a
role in hydraulic mounts at low frequency-large amplitude, while the decoupler membrane channel
plays a major role in hydraulic mount vibration isolation at high frequency-small amplitude. The
excitation frequency f = 25 Hz, amplitude A = 0.5 mm, the inertia channel, decoupler membrane
channel flow as well as the pressure in the upper chamber have significant changes, as shown in
Fig. 5. Among them, the inertial channel flow at the black oval of the paper in Fig. 5(a) is larger
than the decoupler membrane channel flow, and the upper chamber pressure in Fig. 5(b) is slightly
jumped at the black oval. The reason for this occurrence is the effect of the interaction of inertial
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channels and decoupler membrane channels.

Fig. 6 shows the effect of variation in inertial channel length and cross-sectional area on the
flow rate of the decoupler membrane channel. The decoupler membrane channel flow increases
slightly with increasing inertial channel length. The flow rate of the decoupler membrane channel
decreases slightly as the cross-sectional area of the inertial channel increases.
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Fig. 4. Inertial channel and decoupled membrane channel flow:
a) f =5 Hz, 3.0 mm; b) f = 100 Hz, 0.05 mm
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Fig. 5. Flow rate of inertial channel and decoupled membrane channel at 25 Hz, 0.5 mm:
a) f =5Hz, 3.0 mm, b) f = 100 Hz, 0.05 mm
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Fig. 6. Effect of hydraulic mount inertia channel length and cross-sectional area variation on decoupling
membrane channel flow: a) length variation, b) cross-sectional area variation

Fig. 7 shows the effect of the hydraulic mount with and without considering the decoupler
membrane channel for frequency f = 0-30 Hz and amplitude A = 1.0 mm. As can be seen from
Fig. 7, the decoupler membrane can change the dynamic characteristics of the hydraulic mounts.

Fig. 8 shows the effect of the inertia channel and decoupler membrane channel on the hydraulic
mount transfer force for the excitation amplitude A = 0.05 mm and A = 1.0 mm step response.
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Fig. 8(a) shows that the inertial channel flow can be neglected when the excitation amplitude
A = 0.05 mm; from Fig. 8(b), it can be seen that the inertial channel and the decoupler membrane
channel flow act simultaneously when the excitation amplitude A = 1.0 mm.

=800

=)
—
=3

(]
-
=3

Dynamic stiffness (N/m
e
=3
=3

=]

=)

5 10

15

20 25

Frequency (Hz)
a)

Fig. 7. Effect of low frequency large amplitude decoupled membrane channel
on dynamic characteristics of hydraulic mount: a) dynamic stiffness, b) loss angle

10 =«sxs«P-P 0,05mm
——P-P 1.0mm
< 10?
5
10°
0 0.05 0.1
Time(s)
a)

60

Loss angle (Deg)

Q,(Q)(m’ss)

40

20

——Loss angle i
- - - Loss angle ij

15 20 25 30

Frequency (Hz)

b)

4
10 % 10 .
Pyl —= P-P 0.05mm Qi
; . /q:_‘\‘ wans P-P 0.0Smed
52 —P-P 1.0mmQ,
2 TR P-P L0mmQ,
- Primets)” e
um‘__________’ s
-5
0 0.05 0.1 0.15
Time(s)
b)

Fig. 8. Effect of step response on hydraulic mount a) transfer force,
b) inertia channel and decoupled membrane channel flow

2.3. Design of hydraulic mount for multi-inertia channel structure

Because the characteristics of hydraulic mounts combining multiple inertia channels with
decoupler membrane channel are less studied. Therefore, nine different combinations of inertia
channels and decoupler membrane channel are proposed for hydraulic mounts. Fig. 9 shows the
hydraulic mounts for different combinations of inertial and decoupled channels, Fig. 9(a) shows
the mounts profile diagram and Fig. 9(b) shows the lumped parameter model of the hydraulic
mounts. Where the flow rate of the nth inertial channel is denoted by Q;,. Meanwhile, the
hydraulic mount in Fig. 9 takes the same values and meanings as Fig. 1 for the rest of the
parameters except for the dimensions of the inertia channel.
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Fig. 9. Multi-inertia channel hydraulic mount: a) profile diagram, b) lumped parameter model
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Table 2 and Fig. 10(a) to 10(i) represent the structures of hydraulic mounts proposing nine
different combinations of inertial and decoupler membrane channels, in respectively.

9)
m
i)

Fig. 10. Multi-inertia channel hydraulic mount: a) single inertia channel with diameter d;, and length L;,
b) two inertia channels, with diameter d;, and 1/2d; length L;; c) two inertia channels, with diameter d; and
1/2d; length L;; d) two inertia channels, with diameter d; and 1/2L; length; e) two inertia channels, both
with diameter d;, and 1/2L; length, respectively L;, and 1/2L;; ) 2 two inertial channels with the same
structure and di length of Li; g) three inertial channels, all withd;diameter and length

of L;, 1/2L;, 1/2L;; h) three inertial channels, all with d; diameter and length of L;, L;, 1/2L;;
i) three inertial channels with the same structure and d; and the length is L;

C1 structure is a single inertia channel hydraulic mount with cross-sectional area length, this
structure and decoupled combination is currently used as a conventional hydraulic mount. C2-C6
focus on the number of inertia channels n = 2, changing the cross-sectional area of the inertia
channels and the effect of the interaction between long inertia channels and decoupled membrane
channels on the hydraulic mount characteristics. C2 inertia channel length is the same, change the
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cross-sectional area of the inertia channel, the diameter of the inertia channel, and 1/2, the length
is the same as C1. C3 inertia channel length is the same, the diameter of the two inertia channels
is 1/2, and the length is the same as C1. The C4 structure have two inertial channels of the same
length and cross-sectional area, where the length is half of C1. C5 structure has two inertia
channels with the same cross-sectional area, but 1 inertia channel is half the length of C1. The C6
structure have two inertial channels with the same cross-sectional area and both inertial channels
have the same length as C1. The number of inertial channels n = 2 studied mainly by Zhang [8]
proposed two inertial channels with different diameters and different inertial channel lengths and
structures C2 and C5 similar. C7-C9 focus on the number of inertial channels n = 3, and similarly,
changes the cross-sectional area and length of the inertial channels. three inertial channels of the
C7 structure have the same cross-sectional area, but one of them has the same length as C1, and
the other two are half of C1. C8 structure have three inertia channels with the same cross-sectional
area, while two of them have the same length as C1 and the other one is half of C1. C9 structure
has three inertia channels with the same cross-sectional area and the same inertia channel length
as Cl.

Table 2. Hydraulic mounts with different configurations of inertia channels

Fig. 9 Numbering of inertial Description
channels
Cl One inertial channel with diameter d;, length L;
Cc2 Two inertial channels with diameter d;, 1/2d; and length L;
C3 Two inertia channels with diameter 1/2d;, length L;
C4 Two inertia channels with diameter d;, length 1/2L;
C5 Two inertial channels with diameter d;, length L; and 1/2L;
C6 Two inertia channels with diameter d; length L;
C7 Three inertial channels with diameter d;, length L;, 1/2L; and 1/2L;
C8 Three inertial channels with diameter d;, length L;, L; and 1/2L;
Cc9 Three inertial channels with diameter d;, length L;

3. Multi-inertia channel and decoupled membrane channel interactions on hydraulic mount
characteristics analysis

(1) To analyze the effect of changes in the number of inertial channels and decoupler
membrane interactions on the hydraulic mount characteristics and to compare the changes in the
mount characteristics of the three structures C1, C6, and C9. (2) To analyze the effect of the change
in the cross-sectional area of the inertia channel and the interaction of the decoupler membrane on
the hydraulic mount characteristics and to compare the change in the mount characteristics of the
three structures C1, C2, and C3. (3) To analyze the effect of long inertia channel variation and
decoupler membrane interaction on the hydraulic mount characteristics and to compare the
variation of the mount characteristics of three structures C4, C5, and C6. (4) To analyze the effect
of short inertia channel variation and decoupler membrane interaction on the hydraulic mount
characteristics, the variation of the mount characteristics of three structures C7, C8 and C9 are
compared.

The mathematical model of the multi-inertia channel hydraulic mount can be obtained with
reference to the references [4, 5, 6, 16] and Fig. 9 as shown below:

Pi(t) = Po(8) = [;3Qin(8) + RinQin (1), (3)

Pi(t) — Plz(t) =1Q4() + RyQ4(2), )

PO = 7 A1) - ZCQ;" - (g—‘f, (10)
_ Z Qin Qd

P(t) = G +C—2, (11)
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Ry = Ryy + Rye@a/xo)arctan(@a/Qo), (12)
2 P, —P
Ay —Xxgarctan [( 1 2)/P0] — Xgmax
Agpne = 0.54, — —arctan , (13)
T X1
Mxe(t) + Brxe(t) + ere(t) + (Ap - Adfnc)(Pl(t) - PZ(t)) + ApPZ(t) + AdeQd(t) (14)
=0,

where n = 1, 2, 3..., the first term I, Qs (t), I;Q4(t) on the right side of Egs. (8) (9) represents
the pressure drop generated by the inertia coefficient of the fluid in the nth inertia channel and the
decoupler membrane channel, and the second term R;;,Q;,,(t), RyQ4(t) represents the pressure
drop generated by the viscous damping of the fluid in the nth inertia channel and the decoupler
membrane channel. The remaining symbols of Egs. (8)-(14) have the same meaning as in
Section 1.

3.1. Low-frequency dynamic characteristics of multi-inertial channels interacting with
decoupled membrane channels

The road surface is the main excitation source for the low frequency of the mounts system.
where the excitation amplitude A =1.0 mm, frequency f =0-30 Hz [17]. According to
Eqgs. (8-14), the dynamic stiffness and loss angle of hydraulic mounts with different combinations
of inertia channels are obtained, as shown in Fig. 11. From Fig. 11(a), it can be seen that increasing
the number of inertia channels broadens the dynamic stiffness and loss angle peak frequency of
the hydraulic mounts. Among them, the peak frequency of dynamic stiffness and the peak
frequency of loss angle of the hydraulic mounts from C1 to C9 structures increased from 14.8 Hz
and 10.1 Hz to 24 Hz and 18.7 Hz, respectively, which are the same as the conclusion of the
reference [8]. Fig. 11(b) shows that although the sum of the cross-sectional areas of the hydraulic
mounts of the C3 structure is the same as that of C1; However, the hydraulic mounts of the C3
structure have a larger stiffness and loss angle at low frequency. It can be seen that the reduced
cross-sectional area of the inertia channel hydraulic mounts exhibits greater stiffness and damping
at a lower frequency. Fig. 11(c) shows that the peak frequencies of dynamic stiffness and loss
angle for the hydraulic mounts of C4, C5, and C6 structures are 29.5 Hz and 20 Hz, 26.2 Hz and
16.7 Hz, and 19.8 Hz and 14.9 Hz, respectively. It can be seen that increasing the number of long
inertia channels decreases the dynamic stiffness and loss angle peak frequency of the hydraulic
mounts. Fig. 11(d) shows that increasing the number of short inertia channels increases the
hydraulic mount dynamic stiffness and loss angle peak frequency from 24.3 Hz and 16.9 Hz to
29.8 Hz and 22.9 Hz, respectively, for the same number of inertia channels.

A comprehensive comparison of Fig. 11 shows that changing the number and length of inertia
channels and the cross-sectional area at low frequency has the greatest effect on the low-frequency
dynamic stiffness and loss angle of the hydraulic mounts.
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Fig. 11. Low-frequency dynamic stiffness and loss angle of hydraulic mounts:
a)-b) C1, C6, C9, ¢)-d) Cl, C2, C3, e)-f) C4, C5, C6, g)-h) C7, C8, C9

3.2. Relative displacement transmissibility of multi-inertia channel hydraulic mounts
interacting with decoupler membrane channels

The relative displacement transmissibility T; between the engine and the vehicle frame at low
frequency excitation as an important criterion of the mounts' vibration isolation performance
[16, 20]. Where the relative engine to vehicle frame displacement transmissibility, T, is given in
Eq. (15):

|xe - y(:l
e Jo 1
el M

According to Eq. (15), nine inertial channels can be obtained in 0-30 Hz hydraulic mounts with
relative displacement transmissibility Td, see Fig. 12. The maximum relative displacement
transmissibility of the C1, C6, and C9 structures hydraulically mount in Fig. 12(a) are 2.52, 4.01,
and 7.12, respectively. It can be seen that the relative displacement transmissibility of the
hydraulic mounts decreases as the number of inertia channels increases. The relative displacement
transmissibility of C2 hydraulic mounts with small cross-sectional area inertia channels added to
C1 inertia channels is smaller than that of C1 and C3, as shown in Fig. 12(b). Fig. 12(c) shows
that by increasing the number of long inertia channels, the relative displacement transmissibility
of the mounts decreases. The hydraulic mounts of the C6 structure have a relative displacement

|Td| =
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transmissibility of 4.01 less than the 5.54 of C4 and 4.59 of C5. Fig. 12(d) shows that the relative
displacement transmissibility of the hydraulic mounts increases from 7.12 for C9 to 7.56 for C8
and 8.31 for C7; It can be seen that increasing the number of short inertia channels affects the
mounts' vibration isolation performance.
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Fig. 12. Relative displacement transmissibility of hydraulic mounts:
a)-b) C1, C6, C9, ¢)-d) C1, C2, C3, e)-f) C4, C5, C6, g)-h) C7, C8, C9

3.3. High-frequency dynamic characteristics of multi-inertia channel hydraulic mounts
interacting with decoupled membrane channels

The engine is the main excitation source for the mounts high frequency with amplitude
A =0.05mm and frequency f =25 Hz-200 Hz [2, 18, 19]. Fig. 13 shows the effect of the
different numbers of inertia channels, cross-sectional area, and the number of long and short inertia
channels on the high-frequency dynamic characteristics of the hydraulic mounts. As can be seen
in Fig. 13(a), the peak frequencies of the mounts' high-frequency dynamic stiffness and loss angle
increase as the number of inertial channels increases. It can be seen that the high frequency-small
amplitude affects the dynamic characteristics of hydraulic mounts in addition to the decoupler
channel effect also related to the number of inertia channels. Fig. 13(b) shows that the dynamic
stiffness and loss angle curves of the hydraulic mounts of the three structures C1, C2, and C3
almost overlap. Therefore, the high-frequency small-amplitude excitation reduces the cross-
sectional area of the inertia channel and has no effect on the dynamic characteristics of the
hydraulic mounts. Fig. 13(c) shows that increasing the number of long inertia channels affects the
high-frequency dynamic characteristics of the hydraulic mounts. Fig. 13(d) shows that with the
same number of inertia channels, increasing the number of short inertia channels, the peak of the
hydraulic mount's high-frequency dynamic stiffness and loss angle increases subsequently.

Combining Fig. 13(a)(b)(c) and (d), it is found that changing the number of inertia channels
has the greatest effect on the high-frequency dynamic stiffness and loss angle of the hydraulic
mounts, followed by the number of length inertia channels while reducing the cross-sectional area
of the inertia channels has the least effect.
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Fig. 13. Hydraulic mount at high frequency dynamic stiffness and loss angle for:
a)-b) C1, C6, C9, ¢)-d) Cl, C2, C3, e)-f) C4, C5, C6, g)-h) C7, C8, C9

4. Time-frequency domain characterization of multi-inertia channel hydraulic mounts
interacting with decoupled membrane channels

Fig. 14 and Fig. 15 show the variation of hydraulic mount transfer force at amplitude
A =0.1 mm and A = 1.0 mm for 9 inertia channels for 4 combination schemes, respectively.
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4.1. 0.1 mm amplitude step response

From Fig. 14(a), it can be seen that the hydraulic mounts’ transfer force decreases as the
number of inertia channels increases; Therefore, increasing the number of inertia channels is
beneficial to the hydraulic mounts' vibration isolation. Fig. 14(b) shows that the RMS of the
transmitted forces of the hydraulic mounts of C1, C2, and C3 structures are all 25.74 N; It can be
seen that the smaller inertia channel cross-sectional area cannot change the vibration isolation
performance of the small amplitude hydraulic mounts. Fig. 14(c) finds that increasing the number
of long inertia channels as well as 14(d) increasing the number of short inertia channels benefits
the hydraulic mounts for vibration isolation. Therefore, the decoupler membrane channel of the
hydraulic mounts under small amplitude excitation plays a major contribution. However, the
number of inertia channels and the number of long and short inertia channels also directly affect
the vibration isolation performance of the hydraulic mounts.

45 . :
0 ol < = ol —Cl1
= - C6 wof o —-C2
3sH 20 oA < | e c3
NELVAS sl :
z . | 5 ! :
S30FE Ao < Il 20
o 'E;r\‘ ?\ o005 o 0.015 w 30 ‘:: Al » 2 o 60, 0.01
2514 'U \/\/\—’"‘"‘—*—'—"ﬁ'ﬁ‘ 25 ;I: \ f/q\._/‘\_,—\l'iwfl AAAAAAAAAAAAAAAAAAAA
| Y Y
‘ 20V
20 . . .
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
Time(s) Time(s)
a) b)
50 = 50 =
- —c4 L g —C7
0 i i < N N R C5 _ B o]
\ I
qop 2 |\ /N < U \f /\\J 2
g E B | \w/ g :| 20 |
= 1l w L o | 0 0.005 0.01 w015
e | = | E E
0Pk A T s 301 ir\
[ /\\d/"\/\_"'"f‘:".—__ .............. 'J [ /\/\r\,’-,_.--._--____-__-_._-__
v TR
20 20 ¢
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
Time(s) Time(s)
c) d)

Fig. 14. Hydraulic mount at 0.1 mm step response transfer force:
a) C1, C6, C9, b) C1, C2, C3, c) C4, C5, C6, d) C7, C8, C9

4.2. 1.0 mm amplitude step response

Fig. 15(a) shows that the RMS values of C1, C6, and C9 transfer forces are 260.80 N,
258.90 N, and 258.18 N, respectively, for the excitation amplitude A = 1.0 mm step response; As
can be seen, C9 has the smallest RMS of transfer force. Meanwhile, C9 has the largest overshoot
and oscillation period. Fig. 15(b) shows that the RMS values of transfer forces for C1, C2, and C3
structural hydraulic mounts are 260.80 N, 259.53 N, and 270.10 N, respectively, with C2 having
the smallest RMS value. It can be seen that the smaller cross-sectional area of the inertia channel
can improve the vibration isolation performance of the hydraulic mounts. Fig. 15(c) shows that
the C4 structure has the smallest RMS value of 256.71 N for the hydraulic mount’s transfer force.
Fig. 15(d) shows that the C7 structure has the smallest RMS value of 256.36 for the hydraulic
mount's transfer force. It can be seen that the increase of the short inertia channel is beneficial to
improve the vibration isolation performance of hydraulic mounts. In summary, it can be seen that
hydraulic mounts can cause oscillations in the system when subjected to large excitation
amplitudes and when the decoupler membrane channel fluid commutates to flow. Meanwhile,
under large amplitude excitation, although the inertial channel plays a dominant role in the
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hydraulic suspension; However, a small amount of fluid flows through the decoupler membrane
channel.
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Fig. 15. Hydraulic mount at 1.0 mm step response transmitted force:
a) C1, C6, C9, b) Cl, C2, C3, ¢) C4, C5, C6, d) C7, C8, C9

5. Conclusions

The article is an analysis of the effect of different inertial channels interacting with decoupler
membrane channels on the performance of hydraulic mounts. (a) Firstly, the hydraulic mounts for
nine different inertia channels are proposed. The mounts are designed to include: different
numbers of inertia channels, different cross-sectional areas of inertia channels, and different
numbers of long and short inertia channels. Secondly, the mathematical model of multi-inertia
channel hydraulic mounts is solved. Also, the effects of the number of inertia channels,
cross-sectional area, and the interaction between the number of long and short inertia channels
and the decoupler membrane on the dynamic characteristics and vibration isolation performance
of the mounts are analyzed. Finally, the effects of different combinations of inertial channels and
decoupled membrane channels interacting with the mounts in time domain characteristics are
analyzed for excitation amplitudes A = 0.1 mm and A = 1.0 mm.

The results show that changing the number and length of inertia channels as well as the cross-
sectional area at low frequency has the greatest effect on the dynamic characteristics of the
hydraulic mounts; Increasing the number of long inertia channels, can improve the low-frequency
vibration isolation performance of decoupler membrane hydraulic mounts. Changing the number
of inertia channels has the greatest effect on the high-frequency dynamic stiffness and loss angle
of the hydraulic mounts. Under large amplitude excitation, not only the inertia channel should be
considered for hydraulic mounts, but also the decoupler membrane channel has a small amount of
fluid flowing through it. Therefore, the role of the decoupler membrane channel is also considered.
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