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ABSTRACT 

Passive hydraulic engine mounts are broadly applied in the automotive and aerospace applications to isolate the cabin 
from the engine noise and vibration. The engine mounts are stationed in between the engine and the fuselage in aero-
space applications. In fixed wing turbofan engine applications, the notch frequency of each hydraulic engine mount is 
adjusted to either N1 frequency (engine low speed shaft imbalance excitation frequency) or to N2 frequency (engine 
high speed shaft imbalance excitation frequency) at the cruise condition. Since most of today's passive hydraulic en-
gine mount designs have only one notch, isolation is only possible at either N1 or at N2, but not at both. In this paper, 
a novel double-notch passive hydraulic engine mount design is proposed. The new design consists of two inertia 
tracks. One inertia track contains a tuned vibration absorber (TVA) where the other one does not. This design exhibits 
two notch frequencies, and therefore can provide vibration and noise isolation at two different frequencies. The notch 
frequencies of the new design are easily tunable and the notches can be placed at N1 and N2 with ease. The new pas-
sive hydraulic engine mount design concept and its mathematical model are presented in details and some discussions 
on the simulation results are also included. 

INTRODUCTION 

Passive hydraulic engine mounts are widely used in the 
automotive and aerospace applications for the control of 
cabin noise and vibration (Singh, Kim and Ravindra, 1992; 
Kim and Singh, 1993; 1995; Adigunaa et al., 2003; Vahdati, 
2005; Christopherson and Jazar, 2006). The hydraulic mount 
is placed in between the engine and the fuselage, or the car 
engine and the car frame to reduce and control the noise and 
vibration level of the cabin.  

Aircraft engine mounts have two main functions: 1) to con-
nect the engine and the airframe together, and 2) to isolate the 
airframe from the engine vibration (Swanson, Wu and Ash-
rafiuon,1993). Vibratory forces are mainly caused by the 
rotational unbalances of the engine, and result in increased 
stress levels in the nacelle, as well as high noise levels in the 
cabin (Swanson, Wu and Ashrafiuon,1993). Through careful 
design and selection of hydraulic engine mount parameters, it 
is possible to select the dynamic stiffness smaller than the 
static stiffness at a certain frequency. This effect is called 
"notching'' and is referred to as the minimum dynamic stiff-
ness over a small frequency range (Yunhe, Nagi G. and Rao 
V., 2001).  

The "notch frequency" is the frequency at which the dynamic 
stiffness of the hydraulic mount is the lowest; therefore, 
greatest cabin noise and vibration reduction are obtained. The 
design location of the notch frequency depends on the appli-
cation, but with most applications, the ‘‘notch frequency’’ is 
designed to coincide with the longest period of constant 
speed. For example, in the case of fixed wing applications, 
the notch frequency may be designed to coincide with the 
aircraft cruise speed rather than the take-off and the landing 
speeds. Since most of the airplane’s flight time is spent at the 
cruise speed, it makes most sense to reduce the cabin noise 

and vibration at the cruise speed rather than at the take-off or 
landing speeds (Vahdati, 2005). 

The problem with exisiting hydraulic engine mount designs is 
that there is only one notch frequency and cabin noise and 
vibration reduction is only possible at one frequency. Here in 
this paper, a new hydraulic engine mount design is proposed 
that has two notch freauencies; therefore, cabin noise and 
vibration reduction is possible at two distinct frequencies. 

HYDRAULIC ENGINE MOUNT 

A single-pumper passive fluid mount, as shown in Fig. 1, 
consists of two fluid chambers that are connected together 
through an inertia track.  

 
Source: (Vahdati,1998) 

Figure 1. A typical single pumper Hydraulic mount 
 

The ‘‘notch frequency’’ location depends on inertia track 
length, diameter, fluid density and viscosity, and rubber stiff-
ness. Fig. 2 shows a typical dynamic stiffness of a passive 
fluid mount versus frequency. 



23

Bu
(d
iso
qu
no
tun
tur
no
ex
sp
ren
at 
bu

Li
(V
ca
qu
ch
we

Bu
de
vib
ad
ma
in 

D
M

He
mo
im
the
ce
ine
ine

Th
ne
ac
pu
me

-27 August 2010, 

Figure 2. Dyn

ut, at the cruise
isturbance) exci
olate the cabin 
uencies. Howeve
ology, the hydra
ned to one and 
rbofan engines t

ormally occur a
xcitation frequen
peed shaft imbal
nt hydraulic mo
one frequency, 

ut to choose isola

iterature and p
Vahdati, 2005)) h
an provide vibra
uencies. In his 
hambers, three f
ere used to creat

ut here, in this p
esign will be de
bration isolation

dditional fluid c
athematical mod
the following se

OUBLE-NOT
MOUNT DESIG

ere, in this sectio
ount design con

mbalance disturb
e new double-n

ept. In this new 
ertia tracks, and
ertia tracks. 

Figure 3.

he top fluid cha
ent (shown in F
cts like a spring
umping fluid, an
etric or bulge di

Sydney, Australia

Source: (Vahda
namic stiffness of 

e speed, there a
itation frequenci
from all engine

er, with the cur
aulic mount not
only one freque
the largest imba
at N1 (engine l
ncy) and at N2
lance excitation 

ount design techn
a hydraulic mo

ation at N1 or at 

patent review 
has worked on h
tion and noise i
design, instead 

fluid chambers a
te a double notch

aper, a new sing
escribed, which 
n at two frequen
chamber. The n
del, and simulati
ections. 

TCH PASS
GN 

on, a double-not
ncept is describ
bance inputs fro
notch hydraulic 

design, there ar
d a mass and tw

. Double-notch pas

mber, a costum
ig. 3 as a cone-

g in the axial d
nd acts like a vo
irection, contain

a 

ati,1998) 
a typical hydrauli

are many engine
ies and ideally o
e imbalance ex
rrent hydraulic m
tch frequency c
ency. For examp
alance excitation
low-speed shaft

2 frequencies (e
frequency). Sin

nology only offe
ount designer ha

N2 (Vahdati, 20

show that on
hydraulic engine 
isolation at two 

of conventiona
and two fluid in
h fluid mount. 

gle-pumper hydr
can offer cabin

ncies without a 
new design conc
ion results will b

SIVE HYD

tch passive hydr
bed, that can fil
om the cabin. F

engine mount 
re two fluid cha

wo springs inside

ssive hydraulic mo

ed designed rub
-shaped rubber 

direction, acts li
lumetric spring 

ning the fluid. T

 

c mount 

e imbalance 
one wants to 
citation fre-
mount tech-
can only be 
ple, in most 

n amplitudes 
ft imbalance 
engine high-
nce the cur-
fers isolation 
as no choice 
005).  

nly Vahdati 
mounts that 
distinct fre-

al two fluid 
nertia tracks 

raulic mount 
n noise and 
need for an 

cept and its 
be presented 

DRAULIC 

aulic engine 
lter out two 
ig. 3 shows 
design con-
ambers, two 
e one of the 

 
ount  

bber compo-
component) 

ike a piston 
in the volu-

The top fluid 

Proceedin

chamber 
inertia tra
springs. T
flow in be
dynamica
chamber 
stiffness a
also varie
The bond 

Before de
graph mo
and press
gap betwe

The inerti
1st inertia 
2005) 

Where μ
ner diame
inertia tra

For the an
resistance
between t
could be w

ݑ ൌ

Where A 
ing approp
define bou

 

 By consi
will be as 

ngs of 20th Interna

is connected to 
acks. In the first i
The fluid, flowin
etween the mass

ally move the ma
a soft rubber d

and contains the
ed by pressuring 

graph model of 

Figure 3. Bon

eriving the stat
odel of Fig. 3, it 
sure drop in the 
een the mass and

ia track flow re
track, is given b

௙ܴ ൌ ଵଶ଼ఓ௅
గ஽೟೚

ర   

is the fluid visc
eter of the inert

ack that is circula

nnular section o
e equation need
the cylindrical m
written as 

ൌ ௥మ

ସఓ
ௗ
ௗ௟

ሺܲ ൅ γ

Figure 4. 

and B are const
priate boundary 
undary condition

ݎ@

ݎ@

idering  ୢ
ୢ୪

ሺP ൅
follows: 

A ൌ
bଶ െ aଶ

4Llnቀb aൗ

ational Congress o

the bottom flu
inertia track, the
ng through the 1
s and the inertia
ass up and down
diaphragm prov
e fluid. This volu

the air behind it
f Fig. 3 is shown 

nd graph model of 

te space equati
is necessary to 
inertia tracks a

d the 1st inertia tr

sistance, for the
by (Shaughnessy

                         

cosity (0.0035 N
tia track and L 
ar. 

of the inertia tra
ds to be used. T
mass and the in

γ݄ሻ െ ஺
ఓ

ݎ݈݊ ൅

Mass in the inertia

tants and can be
conditions. In th

ns as follows, 

ൌ ܽ  ՜ ݑ ൌ ሶݔ  

ൌ ܾ ՜ ݑ ൌ 0  

γhሻ ؆ ∆P
L

 , the 

ଶ

aൗ ቁ
∆P ൅

െµ

lnቀb aൗ ቁ

on Acoustics, ICA 

uid chamber via
ere is a mass and
1st inertia track,
a track walls and
n. In the bottom 
vides the volum
umetric stiffness
t, as shown in Fi
in Fig. 4. 

f Figure 3.  

ons from the b
obtain the flow 

and especially in
rack housing. 

e circular part o
y, Katz and Sch

                          

Ns/m2), ܦ௧௢ is th
is the length of

ack, a different 
The velocity pr
nertia track hou

                    ܤ

 

a track 

e obtained by ap
his problem, one

                         

constants A an

ቁ
xሶ  

2010 

two 
d two 
, can 
d can 
fluid 

metric 
s can 
ig. 3. 

 

bond 
loss 

n the 

f the 
affer 

  (1) 

e in-
f the 

flow 
rofile 
using 

  (2) 

 

pply-
e can 

  (3) 

nd B 

(4) 



23-27 August 2010, Sydney, Australia Proceedings of 20th International Congress on Acoustics, ICA 2010 

ICA 2010 3 

B ൌ
ሺaଶlnb െ bଶlnaሻ

4µLlnቀa
bൗ ቁ

∆P ൅
lna

lnቀa
bൗ ቁ

xሶ  

By using Q ൌ ׬ 2πrudrୠ
ୟ , the flow in the gap will be derived 

based on pressure gradient and mass velocity. The flow loss 
in the gap depends on the fluid flow and mass velocity and 
can be written as, 

∆P ൌ R21iQ ൅ R21iixሶ (5) 

On the other hand, the force applied to the mass by the fluid 
is important in the simulations. The shear stress on the mass 
surface is given by 

τ ൌ െµ
du

dr
 (6) 

Where ୢ୳
ୢ୰

 must be calculated at r ൌ a. By Differentiating u 
with respect to r, the shear stress will be obtained. 

τ ൌ
F

Asurf
ൌ C3∆P ൅ C4xሶ (7) 

Where Cଷ and Cସ are 

 

Cଷ ൌ ቎
bଶ െ aଶ

4Lblnቀb aൗ ቁ
െ

b
2L቏ 

 

Cସ ൌ െ
µ

blnቀb aൗ ቁ
 

(8) 

The fluid force acting on the mass can be written as a func-
tion of flow and mass velocity by plugging Eq.(5) into 
Eq.(7). 

F ൌ Cଷ. Rଶଵ௜. Aୱ୳୰୤. Q ൅ ሺCଷ. Rଶଵ௜௜ ൅ CସሻAୱ୳୰୤. xሶ (9) 

Now, by considering the obtained equations, the state space 
equations, from the bond graph model, can be derived as 

 

qଶሶ ൌ V୧୬ (10) 

q଺ሶ ൌ A୮୲V୧୬ െ
P଼
I଼

െ
Pଷ଴

Iଷ଴
  (11) 

P଼ሶ ൌ
q଺
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െ Rଽ

P଼
I଼

െ
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Cଵଵ
  (12) 

qଵଵሶ ൌ
P଼
I଼
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Pଵସ

Iଵସ
െ

Pଶ଴

Iଶ଴
  (13) 

Pଵସሶ ൌ A୫ୟୱୱ
qଵଵ

Cଵଵ
െ

qଵହ

Cଵହ
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qଶଷ

Cଶଷ
െ Rଵ଺୧

Pଵସ

Iଵସ
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Pଶ଴ሶ ൌ
qଵଵ

Cଵଵ
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Pଶ଴

Iଶ଴
െ

qଶଷ
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qଶଷሶ ൌ A୫ୟୱୱ
Pଵସ

Iଵସ
൅

Pଶ଴

Iଶ଴
െ

Pଶ଺

Iଶ଺
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Pଶ଺ሶ ൌ
qଶଷ

Cଶଷ
െ Rଶହ

Pଶ଺

Iଶ଺
െ

qଷଶ

Cଷଶ
  (18) 

Pଷ଴ሶ ൌ
q଺

C଺
െ Rଶଽ

Pଷ଴

Iଷ଴
െ

qଷଶ

Cଷଶ
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qଷଶሶ ൌ
Pଶ଺

Iଶ଺
൅
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The input force or effort on bond 1, is given by 

F୧୬ ൌ
qଶ

Cଶ
൅ RଷV୧୬ ൅ A୮୲

q଺

C଺
 (21) 

In the above state space equations, qଶሶ , q଺ሶ , qଵଵሶ , qଵହሶ , qଶଷሶ and 
qଷଶሶ  are the generalized displacement variables, P଼ሶ , Pଵସሶ , Pଶ଴ሶ , 
Pଶ଺ሶ and Pଷ଴ሶ  are the momentum variables. To simulate the 
model of Fig. 4, MATLAB Program and the above state 
space equations with the following baseline parameters were 
used. 

௜ܸ௡  velocity across the mount, m/s 
 ௣௧  effective area of the top metal, 0.009 m2ܣ

 ,௠௔௦௦  effective area of  mass in the inertia trackܣ
2.162e-4 m2 

௧௢ܦ  diameter of inertia track, 0.02159 m 

 ௙  fluid inertia in the upper and below parts ofܫ
inertia track, same as I଼ and Iଶ଺, Ns2/m5 

௙ܴ  inertia track flow resistance, same as Rଽ and 
Rଶହ, Ns/m5 

 ௙௣  inertia of the piston, same as Iଵସ  , 0.0148 kgܫ
 ,௚௔௣  loss of inertia around the mass, same as Iଶ଴ܫ
ܴ௚௔௣  flow loss in the gap, Ns/ m5 

 ௥  axial stiffness of rubber in upper chamberܭ
(Cଶ ൌ 1 K୰⁄ ) , 2.05e6 N/m 

-௥  damping component of rubber in upper chamܤ
ber (Rଷ ൌ B୰) , 145 Ns/m 

 ௩௧  top chamber volumetric or bulge stiffnessܭ
(C଺ ൌ 1 K୴୲⁄ ), 1.1e11 N/m5 

 ௩௕  bottom chamber volumetric or bulge stiffnessܭ
(Cଶ଻ ൌ 1 K୴ୠ⁄ ) 2.1e9 N/m5 

௦  stiffness of springs in the inertia track, (Cଵହܭ ൌ
1 Kୱ⁄ ) , 2*1000 N/m 

ܴଵ଺௜  flow loss around the piston(Rଵ଺୧ ൌ
ሺCଷ. Rଶଵ୧୧ ൅ CସሻAୱ୳୰୤), Ns/m 

ܴଵ଺௜௜   flow loss around the piston(Rଵ଺୧୧ ൌ
Cଷ. Rଶଵ୧. Aୱ୳୰୤), Ns/m 

ଷ଴ܫ  fluid inertia in the 2nd  inertia track, Ns2/m5 
ܴଷ଴  2nd inertia track flow resistance, Ns/m5 

 

The fluid inertia is given by 

௙ܫ ൌ
ܮߩ
ܣ

 (22) 

Where ρ is the fluid density (1765 kg/m3) and L is the length 
of upper and lower parts of the inertia track (0.0762 m). 
Also, I୥ୟ୮ can be calculated in the same manner (the height 
of the piston in the inertia track is 25.4e-3 m). The length of 
second inertia track is 0.2286 m and its diameter is 0.0108 m. 
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MATLAB program, with the above baseline parameters, was 
used to simulate the state space Eqs. (10) – (21). Fig. 6 shows 
the new hydraulic mount dynamic stiffness (defined as 
כܭ ൌ ௜௡ܨ ௜ܺ௡⁄ ) versus frequency. The figure clearly shows 
that indeed that are two notches and two peaks. From the 
figure, one can see that the first and the second notch fre-
quencies occur at 25.38 and 46.68 Hz, and the peak frequen-
cies at 40.38 and 65.23 Hz, respectively. Of course, one can 
place the notch and peak frequencies to any desired location 
by altering the hydraulic mount parameters. The first notch 
location can be varied by a change in the second inertia track 
parameters and the second notch location by a change in the 
first inertia track parameters and also the mass and springs.  

 

Figure 6. Dynamic stiffness of the double-notch hydraulic 
engine mount (MATLAB simulation) 

For example, Fig. 7 shows that if one varies the second iner-
tia track parameters, one can alter the location of the first 
notch frequency and the first and second peak frequencies. In 
this simulation the diameter of the second inertia track was 
altered from 0.0108 m to 0.02159 m.  

 

Figure 7. Dynamic stiffness as the diameter of the second 
inertia track changes 

Fig. 8 shows the variation in the location of the notches and 
the peaks as stiffness of the springs in the inertia track is 
varied. In this case the second notch frequency will vary from 
46.66 Hz to 64.83 Hz. 

 

Figure 8. Dynamic stiffness as the stiffness of springs change 

 

Fig. 9 shows that if one varies the piston material (lead), one 
can alter the location of the notch and the peak frequencies. 

 

Figure 9. Dynamic stiffness as the piston material changes 

In this novel design, there is an opportunity to vanish one 
notch by fixing the mass in the inertia track. In other words, 
by using magnets, one can change a double notch fluid mount 
design to a fluid mount design with only one notch. Fig. 10 
shows the notch location in this situation. 

 
Figure 10. Dynamic stiffness with and without magnets 

Often, it is necessary to alter the location of the notch fre-
quencies after the hydraulic mount is manufactured. Also, if 
notch frequency or frequencies need to be retuned, ideally it 
can be done without a need for any fluid mount redesign. 
Similar to the approach in (Vahdati, 2005), in this new hy-
draulic engine mount design, the volumetric stiffness ܭ௩௕; 
can be easily varied if the gas pressure behind the rubber 
diaphragm is increased or decreased. This tunability can be 
very useful both to the original equipment manufacturer and 
to the customer. The two notch frequencies can be fine tuned 
with the help of ܭ௩௕; without the need for any hydraulic 
mount redesign. If it is needed to fine tune the fluid mount 
notches in the field, one can do so by changing gas pressure. 
Fine tuning the notch frequencies in the field can provide 
better cabin noise and vibration isolation than tuning the fluid 
mount notches at the OEM’s manufacturing site. Figs. 11 and 
12 show that as the volume stiffness ܭ௩௕ is varied, the first 
and second notch frequencies can be relocated. 

 
Figure 11. First notch frequency as the bottom volume stiff-

ness, ܭ௩௕; is varied 
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Figure 12. Second notch frequency as the bottom volume 

stiffness, ܭ௩௕; is varied 

 

CONCLUSIONS 

For fixed wing applications, the current commercially avail-
able passive hydraulic engine mount designs have only one 
notch frequency; therefore, cabin noise and vibration isola-
tion is only possible at N1 or at N2, but not both.  

Here, in this paper, a new passive hydraulic engine mount 
design has been presented, which has two notch frequencies. 
The new design was described and its mathematical model 
was presented. It was shown that indeed this new design can 
provide vibration and noise isolation at two frequencies and 
one can easily tune the notch and peak frequencies by chang-
ing the gas pressure and appropriate mount parameters. 
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