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Abstract: Based on analysis of the work conditions and structural characteristics of the exterior pipeline of the

aero-engine, a kind of cantilever-structure wire-rope isolator fitted to the exterior pipeline of the aero-engine is

designed for supporting and damping purposes. By static experiments, the static hysteresis loop, the relationship

of stiffness and amplitude, and the relationship between the energy dissipation coefficient and the amplitude are

obtained. Analyses show that the wire-rope isolator presents obvious hysteresis characteristics, and the

characteristics of the isolator, such as stiffness and damping, behave obviously nonlinearly when the amplitude

value of deformation changes. At the same time, by changing the structure parameters of the wire-rope, the wire-

rope isolators can be made with different functions to satisfy different work conditions. The research results have

important reference values for the application of the wire-rope isolator on the exterior pipeline of an aero-

engine.
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Dry friction damping elements can be well em-

ployed to effectively repress structural vibration
through an energy-consuming mechanism. For several
decades, many scholars have done thorough research in
21 and the research achievements have laid

this sector
a solid foundation for further theoretical studies and en-
gineering applications of new dry friction damping iso-

lators"™™

, such as the wire-rope isolator, the metal
rubber isolator, the multi-layer steel-plate isolator and
the wire-net isolator, etc.

The wire-rope isolator is a wholly metallic dry
friction damping isolator, a kind of nonlinear isolator
with hysteresis characteristics and many advantages
such as intenerated stiffness, large damping ability,
good resistance against heat, corrosion and aging, stable
functionality, good maintenance and manufacturability
as well as low cost; thus, it is particularly suitable for
use in hostile environments'® . Though wire-rope isola-
tors have already been applied in the realms of aviation
and aerospace, machinery, ships and transportation
etc., many kinds of products available in the market
cannot be directly used for exterior pipe-support of
aero-engines because of the space limitations for exteri-
or pipe-support of aero engines and the requirements of
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a passive damping isolator to reduce vibrations deliv-
ered from the engine to the pipe through a card
hoop'”'. In this paper we design a passive wire-rope i-
solator for pipe-support in consideration of the concrete
characteristics of the exterior engine pipe and investi-
gate its static characteristics.

1 Design of Wire-Rope Isolator for Pipe-
Support

Wire rope in the isolator plays a great role for the
isolator to fulfill its function. The material, the structure
parameter and the diameter of wire rope all affect the
functions of the wire-rope isolator, so the selection of
the wire-rope is very important.

1.1 Selection of wire-rope material and structure
parameters

Wire-rope on the market currently is standardized,
the diameter of wire-rope ranging from a few millime-
ters to several centimeters. There are many kinds of
wire-ropes according to the structure parameters, such
as 1 x7,1x1,6x7 +IWS,6 x7 +NF, 6 x19 +IWS, 6
x19 +NF etc'”.

From preliminary experiments we find that the
structure parameters of wire-rope has a great influence
on the performance of the wire-rope isolator. This is
because while the wire-rope isolator is working, the
dry friction produced between steel wires in the rope
performs a damping role. So when making the wire-
rope isolator, we need to investigate the influence of
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the structure parameters upon its function. The research
indicates that it functions well if the number of wires in
the rope is between 40 and 200, but rope with a large
number of wires means it has a large diameter. Gener-
ally, if the number of wire-rope exceeds 6 x 19, its di-
ameter is bigger than 3 mm. Considering the work con-
ditions of the exterior pipe of engine diameter and the
pipe system comprehensively, we decide that the wire-
rope diameter should be limited to 3 mm, and choose
ropes with three kinds of structural parameters for iso-
lators, namely, 1 x7,6 x7 +IWS, 1 x19.

According to the cases used, wire-ropes can be di-
vided into normal wire-rope, aviation wire-rope, special
wire-rope of car, manipulation wire-rope, zinc-coated
wire-rope, etc. In this text, the aviation wire-ropes
made of stainless steel are used.

1.2 Design of wire-rope isolator

Considering the work conditions of the exterior
pipe of the engine system, we designed the wire-rope
isolator with a structure similar to a cantilever, as
shown in Fig. 1. We can see that the wire-rope isolator
is composed of the wire-rope, pressing plank and yoke.

/ 7

Wire-rope

Pressing plank

Fig.1 Structure and photo of wire-rope isolator. (a) Struc-
ture; (b) Real objects

We install it onto the pipe with a stud bolt, then
fix it tightly on the base by a bolt. To prevent the iso-
lator moving during work, the yoke is used to fix the
touching part with the pipe. On the premise of satisfy-
ing the strength requirement, we use steel 45 to make
the pressing plank of the wire-rope isolator. The wire-

rope isolator weighs 43 g when the wire-rope of the
structure parameter 1 x 7 is used, and it weighs 65 g
when the structure parameter is 6 x 7. Fig. 1(b) shows
a few real wire-rope isolator objects with different
structure parameters.

2 Static Characteristics Tests

Static tests are mainly loading and un-loading
tests on a static experiment device for wire-rope isola-
tors with different structure parameters, thus obtaining
the curves of deformation to the related load, i. e., the
static hysteresis curves. By analyzing these curves, we
can obtain the stiffness-deformation relationship and
the energy consumed-deformation relationship of the
isolator, from which we can further draw its static
characteristics, i. e., stiffness characteristics and damp-
ing characteristics.

2.1 Test rig and its principle

The test rig is shown in Fig. 2. The wire-rope
isolator system is fixed on the experiment stage with a
stud bolt. The isolator is connected to force-applying
device through the force-transducer. The load can be
applied to the wire-rope isolator by turning the han-
dle, and the value of the force is converted to electric
voltage through a signal-converting device. Thus we
can reconvert the read electric voltage value to the ap-
plied force on the isolator by calibrating the conver-
sion factor of voltage to force (here, 0.4 mV/kg).
The head of the deformation meter touches the bloc-
king plank to measure the deformation of the wire-
rope isolator.

6 Output the signal

SO
\

1—Handle; 2—Force-applying device; 3—Force-transducer;
4—Deformation meter; 5S—Wire-rope isolator; 6—Signal converting device

Fig.2 Scheme of static experiment system

2.2 Static characteristic of wire-rope isolator

Two static characteristics of the wire-rope isolator
are studied in the research, i. e., stiffness and damping
characteristics. The dry friction damping characteristic
can be represented by energy dissipation ratio .

The stiffness and damping characteristics of the
wire-rope isolator can be calculated by a static hyster-
esis loop. Fig. 3 shows a simple hysteresis loop, in
which the dotted line represents the centerline of the
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hysteresis loop, drawn by the averaging values of the
loading curve and the unloading curve. Because the
hysteresis loop of the wire-rope isolator under large
deformation is almost linear, so the centerline of the
hysteresis loop can be treated approximately as a
straight line. Usually, the average stiffness is signified
by the slope of the centerline, but considering the big
error in average stiffness near the two sides of the de-
formation, we treat the average stiffness as the slope
of the centerline at 70% maximum deformation.

Fig.3 Predigest hysteresis loop of wire-rope isolator

In this paper we make use of the static hysteresis
loop to calculate the actual stiffness of the wire-rope
isolator at a certain deformation value. We can ap-
proximately calculate the average stiffness and the ac-
tual stiffness of the wire-rope isolator from the above

analysis.
Pmax
k, == (N
X max
leax H+Pmax H
k== ko (2)

where k, is the average stiffness of the wire-rope isola-
tor(N/mm); k, is the actual stiffness of the wire-rope
isolator (N/mm) ; x
(mm); P
the deformation amplitude value in the hysteresis loop
(mm); H is the average interior friction (N).

is the biggest deformation value

max

is the biggest reacting force(N); A, is

Imax

Fig. 4 is the ideal hysteresis loop, the energy dis-
sipation parameter ¢ of the wire-rope isolator can be
signified with following formula:

_AW _2xT
lp - W ~Pmax (3)
P
A
o
P T
Syia
AW

Fig.4 Ideal hysteresis loop

AW=mx,, T (4)

W=k, (5)

where AW is the energy dissipation capacity in a cycle
(N-mm); W is the greatest deformation potential ener-
gy(N-mm); 7T is the reacting force at the zero point of
deformation(N).

3 Static Characteristics Analysis of Wire-
rope Isolators of Different Structure Pa-
rameters

To get static characteristics of wire-rope isolators
of different parameters, we carry on static experiments
for wire-rope isolators with structure parameters of
1x7x%x0.32mm,1 x19 x0.3 mm and 6 x7 x 0.2
mm, respectively. Analysis is made by the hysteresis
loop of wire-rope isolators with different structure pa-
rameters, stiffness-deformation and energy dissipation-
deformation relationships which are based on the ex-
periment data.

3.1 Hysteresis characteristics analysis of wire-rope
isolators with different structure parameters

Fig. 5 shows hysteresis loop of the wire-rope iso-
lator under different deformation amplitude values for
structure parameter 6 x7 x0.2 mm. We can see from
this figure that the wire-rope isolator has obvious hys-
teresis characteristics when the deformation reaches a
certain value. The bigger the area which the hysteresis
loop surrounds, the more vibration energy it can ab-
sorb. This is because, the wire-rope isolator is made
from many stainless steel wires. When the deformation
is smaller, less friction occurs between the wires.
When the deformation becomes large enough, great
friction occurs between the wires. So the load-deform-
ation curve of the experiment shows that the wire-rope
isolator has hysteresis characteristics.
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Fig.5 Hysteresis loop of wire-rope isolator with parame-
ter 6 x7 x0.32 mm
Fig. 6 shows hysteresis loops of wire-rope isola-
tors with different parameters at the structure parame-
ter of wire-rope. The hysteresis loop of structure pa-
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rameter 1 X 19 x0. 3 mm has the greatest area surroun-
ded, parameter 6 x 7 x 0.2 mm has the second, the
smallest is that of parameter 1 x7 x 0. 32 mm. It indi-
cates that the energy consumption property is different
for wire-rope isolators with different structural param-
eters, and so are its isolating and damping characteris-

tics.
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Fig.6 Hysteresis loops of wire-rope isolators with differ-
ent parameters

3.2 Stiffness characteristics analysis of wire-rope

isolators with different structure parameters

For wire-rope isolators with different structure
parameters, the slopes of the centerline of their hyster-
esis loops are different, which shows that the average
stiffness of isolator k, will change with structure pa-
rameters. The experimental results indicate that the av-
erage stiffness of the wire-rope isolator with structure
parameter 1 x 19 x0. 3 mm is the largest, that of 6 x7
x 0.2 mm is the second largest, the smallest is that of
1 x7 x0.32 mm (as shown in Fig. 7). On the other
hand, for the wire-rope isolator, the centerline of the
hysteresis loop is almost linear, which means that the
average stiffness k, and interior friction H are constant
and actual stiffness can be approximately written as
Eq. (2). As the deformation value increases, the actual
stiffness of the three kinds of the wire-rope isolators
all decrease, which indicates that the stiffness of the
wire-rope isolator has “soft” characteristics, and the
actual stiffness of the wire-rope isolator changes in de-
formation value by obvious non-linear characteristics.
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Fig.7 Stiffness curves of wire-rope isolators with differ-
ent parameters

3.3 Damping characteristics analysis of wire-rope
isolators with different structure parameters

For the dry friction damping isolator such as the
wire-rope isolator, the energy dissipation capacity pa-
rameter ¢y = AW/W is often used to indicate friction
damping characteristics of isolators. As shown in Fig.
6, the area which the hysteresis loop of the wire-rope
isolator surrounds changes for different structure pa-
rameters, so does the greatest deformation potential
energy. Fig. 8 shows the relationships of energy dissi-
pation coefficient-deformation for isolators with struc-
ture parameters of 1 x 19 x0.3 mm, 6 x7 x0.2 mm
and 1 x 7 x 0.32 mm, respectively. We can notice
sharp non-linear characteristics from these curves. The
energy dissipation coefficient increases very quickly
with the deformation value at the beginning and after
reaching the maximum at a certain deformation value,
gradually decreases. The reason for these non-linear
characteristics is mainly that the deformation value is
associated with the friction behavior between rope
wires; i.e., when the deformation is small, rope wires
hardly interact against each other, so the energy dissi-
pation coefficient is very small at a small deformation
value; on the other hand, rope wires move against
each other in great intensity, and the energy dissipa-
tion coefficient reaches its maximum; at even a larger
deformation value, the rope wires will detach a little,
the friction between them becomes smaller, and so
does the dissipation coefficient of the wire-rope. We
can draw from the figure that the dissipation parameter
of the wire-rope isolator is very great, with the grea-
test value reaching 3 or 4. Even at a relatively large
deformation value we can also get good damping per-
formance. For example, we can keep the dissipation
parameter above 2.5 for an isolator of structure pa-
rameter 6 X7 x0. 2 mm. The most distinguishing char-
acteristic of the wire-rope isolator is its good damping
property by which it can absorb more vibration ener-
gy, fulfilling better its vibration-isolating function.
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Fig.8 Damping curves of wire-rope isolators with differ-
ent parameters
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4 Conclusion

The wire-rope isolator has good dry friction
damping performance. The relationship between the
stiffness and the energy dissipation coefficient is non-
linear. The obvious soft spring characteristics of this
kind of non-linear isolator is the reason why the wire-
rope isolator has super loading ability and lower
isolate frequency. The damping characteristic of the
wire-rope isolator can be greatly affected by its struc-
ture parameters, such as the diameter of rope wire and
wire numbers in a rope, etc. The experimental results
show that we can design the wire-rope isolator with
superior parameters under different working condi-
tions.
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