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With the rapid development of high-speed rotating machinery, diaphragm
couplings are widely used in energy equipment such as compressors,
generators, drilling equipment, and turbine drives by virtue of their high
sensitivity, oil resistance and corrosion resistance. However, the theoretical
research of this product mainly focuses on the design of diaphragm profile, the
combination form between diaphragms, the overall structural form of
diaphragm coupling and the axial dynamic characteristics of diaphragm
coupling. Therefore, this paper analyzes and summarizes the current
research status of diaphragm couplings in the world, and puts forward the
problems that need to be solved in the field of diaphragm coupling research,
and proposes a new direction for the subsequent research.
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Introduction

Metal diaphragm coupling is a high-tech coupling element of modern power
equipment with multi span rotor system. It has the following advantages in realizing
the basic function of transmitting power and torque (Mancuso, 1896; Mancuso et al,
19905 Piotrowski, 2007): It currently has advantages in achieving the basic functions of
transmitting power and torque, which can be described in the following eleven aspects: 1)
No lubrication required; 2) It has high torque transmission ability without increasing
coupling size; 3) Great compensation for misalignment; 4) Maximum axial offset
compensation capability; 5) Suitable for high temperature operation; 6) Suitable for
all types of joints: splines, tapered shafts, flanges, etc; 7) Produce lower reaction moment
and force; 8) Generate foreseeable moments and forces; 9) Easy to balance; 10) Years of
operation without maintenance, no fault; 11) Vibration of the lower input equipment.

Therefore, it is widely used in various types of gas turbines, such as aeroengine,
warship or ship engine, high efficiency gas turbine unit for power generation and small
and micro gas turbine of distributed energy supply system. In rotating equipment, the
center line of two or more rotating shafts is not in the right direction due to the existence
of manufacturing and installation errors. Especially in high speed rotating machinery and
rigid coupling system of multi span rotor, the system problems such as super second
critical speed operation, excessive vibration, serious rotor/stator friction and bearing
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FIGURE 1

Micro gas turbine bearing-coupling-shaft system structure.

FIGURE 2
Three types of profiles for the coupling.

damage are often encountered, which are difficult to overcome in
the short term. Because of the metal diaphragm coupling has two
or more core parts of elastic diaphragm, it has excellent axial,
transverse and angular misalignment compensation. If it is
applied to the connection of multi span rotors, it can
effectively reduce the critical speed of the system, control it
below the
significantly reduces the difficulty of modern high-tech power

second or even first critical speed, which
equipment development, as shown in Figure 1. Therefore, the
research of metal diaphragm coupling is of great significance to
the national defense and the consolidation and development
of the important technology industry related to people’s
livelihood.
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The structure of metal diaphragm
coupling

Metal diaphragm coupling can be divided into bolt
connection and interference connection by its different forms
of connection with shaft. The diaphragms are key parts to keep
nice property for the coupling, so there are different structure
profiles, which are usually linear profile, conical profile (Uniform
centrifugal stress) and curved profile (Uniform shear stress), as
Figure 2. In order to adapt to high temperature conditions and
have greater misalignment compensation ability, its elastic
elements are often made of materials with better strength and
fatigue characteristics, such as titanium alloy (Ti-6Al-4V)
(Editorial board of China Aviation Materials Manual, 2002),
17-4PH Stainless steel (Stewart et al., 1999), etc.

Bolted diaphragm coupling (Calistrat, 1980) was designed
and developed by Goodrich company (former Bendix company)
in the late 1940s. It is commonly used in medium and large gas
turbines. It is easy to install. There are two main design forms:
single diaphragm (Figures 3, 4) and multi diaphragm (Figure 5).
Especially in the case of multi diaphragm, it has very good
misalignment compensation characteristics, and the working
speed can reach 60000r/min. As shown in Figure 3, the single
diaphragm coupling with one diaphragm disk (consisting of
flange, film and hub) is provided on the left and right. The
membrane plate and flange are connected by bolts on the outer
edge of the membrane disc. The two membrane plates are
connected together by interference assembly or welding
through an intermediate shaft. The size and shape of flange
and diaphragm plate on both sides are identical. The flange on
both sides is connected with the rotating shaft by key to form
transmission structure. The physical figure is shown in Figure 4.
Figure 5 shows the connection positions and style (electron beam

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1001315

10.3389/fenrg.2022.1001315

7 7 \ﬁ '~ /‘L
Vo)l
- | =
A |
.
—@_ _ i

Diaphragm coupling connected by bolts.

Diaphragm and spacer shaft

FIGURE 4

Total structure and fIge |

‘o
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weld) of multi membrane diaphragm coupling, the outer
diaphragms are usual more thicker than inner diaphragms.
Interference coupling type diaphragm coupling (Stewart
et al, 1999; Stewart et al, 2000) was designed by capstone
company in the beginning of 2000, and is often used in small
and micro gas turbines. It is more concise in structure than bolt
coupling diaphragm coupling, and further improves the
performance of flexible coupling. The maximum speed can
reach 96000r/min, as shown in Figure 6. The diaphragm
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coupling is mainly composed of one coupling cup and
intermediate shaft (also called spacer shaft) on the left and
right sides. The coupling cup can be divided into two parts:
the coupling unit (connecting cup wall) and the membrane disk
(the bottom of the cup). In order to reduce the pre stress of
assembly, the interference fit of the outer surface of the drive end
of the two coupling units, the interference fit of the inner surface
of the driven end side, and the size of the two diaphragm plates
are generally different.
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Multiple membrane diaphragm coupling.
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FIGURE 6
Diaphragm coupling connected by interference fit.

The two coupling types of diaphragm disc are core elastic
elements, and they often have the same thickness, cone, hyperbolic
or waveform, and the intermediate shaft can be hollow or solid.
Considering the structures of two coupling types and according to
the available literatures (Calistrat, 1980; Stewart et al., 1999;
Stewart et al, 2000), the interference coupling type has the
following advantages compared with the bolt type diaphragm
coupling for the applications:

1) Interference coupling makes the coupling have good adaptive
performance.

2) When the size of the two diaphragm plates is equal, the
interference coupling has higher compensation capacity of
the anisotropy.

3) It has a higher maximum allowable speed.
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FIGURE 7
Hyperbolic single diaphragm coupling.

4) Compact structure and high spatial utilization.

Development and application of
diaphragm coupling

Membrane disc couplings are a product of the development
of modern rotor systems operating at high speeds. As early as the
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Torque overload failure

FIGURE 8

Misalignment overload failure

Failure styles of the diaphragm. (A) Torque overload failure (B) Misalignment overload failure.

late 1940s, due to the emergence of small gas turbine, the

application demand of diaphragm coupling has been
generated, which has been used in aviation. However, due to
the failure to compensate the high misalignment at the initial
stage, the application of diaphragm coupling in aviation and
navigation has been seriously hindered, and it was once replaced
by gear coupling. However, with the requirements of higher
power, higher speed and the increase of operating temperature,
many problems are exposed in gear coupling. At the same time,
due to the increasing demand for low reaction torque, reaction
force and low noise, the development and application of
membrane disc coupling are greatly promoted. In the 1970s,
Rexnord research and Development Laboratory of the
United States carried out the experimental research on the
axial vibration characteristics of the diaphragm coupling for
1976). So far, the
diaphragm coupling has been gradually successfully applied to
high-performance gas turbine. In 1978, Wildhaber (Wildhaber
et al,, 1978) of Bendix company proposed a hyperbolic (cone-

the first time (Landon and Counter,

like) single diaphragm coupling, as shown in Figure 7. Its
structure is relatively simple and with a protective film.
Because it is only a single diaphragm, its ability of
compensating misalignment is limited. It is generally used in
the shipbuilding industry rather than the aviation industry. In
1980, Calister (Calistrat, 1976) of Koppers company designed a
single diaphragm coupling with equal thickness. Because of its
linear diaphragm surface, its stress condition is not as good as the
former.

From 1880s to the beginning of the 20th century, J.R
Mancuso (Mancuso, 1986a; Mancuso, 1986b; Mancuso et al.,
1989; Mancuso J., 1994; Mancuso J. R., 1994; Mancuso, 2000;
Mancuso, 2003) published a series of articles and monographs,
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introduced the structure and performance of Bendix diaphragm
coupling in detail, gave several design indexes of diaphragm
coupling from the perspective of Engineering selection, and
pointed out the design standards of four design theories
(maximum principal stress theory, maximum shear stress
theory, maximum distortion energy theory and fatigue failure
theory), including Soderberg criteria and Goodman criteria
Criteria, modified Goodman criteria and constant life fatigue
described  the
manifestations of the membrane disk coupling, that is, the

diagram, common failure causes and

radial and circumferential rupture of the membrane disk
the
requirements and torque requirements (Figure 8), as well as

caused by design not meeting the misalignment
some precautions in the actual safe use.

Up to now, the membrane disc coupling has been widely used
in developed countries, and its performance is excellent, and it is
mostly used in important equipment related to national defense
and security. For example, Bendix membrane disk couplings in
the United States are widely used in flexible power transmission
systems of more than 60 aircraft types, such as fighters (af-101, F-
102, £-106, f-5a, £-5b, F-15, F-16, Saab, yf-17, g8a, etc.), bombers
(B-1,B-52, cf-5a, XB-70, KC-135, etc.), vertical landing aircraft
(fh-100, m-5, xc-142), and helicopter (BO-105, ch-3c, ho-5ch-6,
oh-6a), Including power output shaft, main drive shaft, tail drive
shaft, auxiliary power drive shaft and so on (Lin, 2005). In
addition, it is also used in tanks, ships power plants (Kop-Flex
Inc, 2003), such as Im2500, ft-4, Olympus engine, etc., as well as
power transmission in other fields of the national economy. It is
reported that there are more than 1700 specifications and more
than 2,020,000 coupling products successfully applied in aviation
alone. At present, the main manufacturers of membrane disc
coupling are: Goodrich company (formerly Bendix company of
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the United States), Koppers company, NSO company of Japan,
ZURN company of the United States, Cincinnati, etc. Literature
(Zhao et al,, 2002) points out that the maximum value of the
composite diaphragm coupling of Cincinnati gear coupling
company can reach 80,000 r/min, that of the laminated disc
coupling of American coupling association can also reach
40,000 r/min, and that of the double diaphragm composite
coupling of Capstone company can reach 96,000 r/min.
Membrane disc coupling started relatively late in China. The
research of 703 Research Institute of China Shipbuilding
Ltd. high-tech
membrane disc coupling was successful for the first time in
the 1980s (Zhao et al., 2002; The 703rd Research Institute of
China Ship building Industry Corporation, 2008), and it was

Industry Group Co., Imitating Bendix’s

mainly used in fighter planes, ships and other important strategic
equipment. At the same time, Bi Chengwu of 703 Institute
published several papers on the design of diaphragm coupling
(Chengwu, 1980; Chengwu and Wang, 1982; Chengwu and Lin,
1984; Chengwu et al., 1988), pointed out several loads and key
points to be considered in the design of diaphragm coupling, and
put forward ideas, principles and notes for the design of
diaphragm coupling from an overall point of view. By the end
of the 1980s, Hua Jiashou officially published his book (Hua,
1989),
characteristics and design concerns of the diaphragm coupling

which described the structural features, excellent
in detail. Since the 1990s, the membrane disc coupling has
gradually realized the transformation from military to civilian,
and has been applied to power generation equipment (Mao et al.,
2019), metallurgical equipment (Li et al., 2019), petrochemical
equipment (Pan and Wang, 1994), etc. This change has greatly
promoted the development of the design and application
industry of membrane disc coupling. At the beginning of the
21st century, several influential companies producing and
marketing membrane disc coupling have emerged in China,
such as Wuxi Chuangming Transmission Engineering Co.,
Ltd. (formerly transmission engineering company of China
Aviation Industry 614 Research Institute), Tianshuo coupling
Co., Ltd., etc.

From 2010 to 2020, with the advancement of the
modernization of national defense industry, the integration of
military and civil affairs, and the development of military to civil
affairs, the relevant national research institutes (703 and
704 research institutes of China Shipbuilding Industry
Corporation, Sichuan Gas Turbine Research Institute of China
Aviation Development Corporation, China aeronautical power
Research Institute, etc.), colleges and universities (Xi’an Jiaotong
University, Chinese Academy of Sciences Northeast University,
(Wuxi
Engineering Co., Ltd., Tianshuo coupling Co., Ltd., Harbin

etc.) and enterprises Chuangming Transmission
Guanghan Power Co., Ltd., Harbin Dong’an Engine Co., Ltd.)
have further increased the research and development efforts to
improve the performance of membrane disc coupling, and a large

number of patents (Tao etal., 2011; Tao et al., 2012; He, 2015; Li
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etal,, 2015; Song et al., 2016; Wang et al., 2018a; Chen et al., 2018;
Qiu et al., 2020; Zhao et al., 2020) have emerged, which focus on
membrane disc surface, overall structure, material, connection
form, etc. The design of disc coupling has been improved, which
not only promotes the performance of important equipment in
China, but also further expands the commercial application
scope of disc coupling. At present, China’s membrane disc
coupling has reached the advanced level of foreign similar
products, with the highest working speed of 30,000-60000 r/
min, and has five series of 90 varieties applied in all walks of life.
Comparatively speaking, there is still a certain gap in the overall
performance of membrane disc coupling between China and
foreign countries, and the specifications and varieties are
relatively small, so the commercialization degree still needs to
be further improved.

Research status of diaphragm
coupling

In the course of development and application of membrane
disc coupling in the world, scientists have done a lot of targeted
research work, and achieved obvious results, but there are also
shortcomings. Throughout its research status, it mainly focuses
on the following two aspects: First, the design study of the force
and deformation of the diaphragm disc; second, the analysis of
the dynamic characteristics of the diaphragm coupling.

Design research based on analysis of force
and deformation of membrane disk

As for the design and research of membrane disk, the
following aspects are generally considered:

1) Research on the design of membrane disk surface;

2) The centrifugal force of the disc and its adjacent parts on the
disc;

3) The stress, deformation, over torsion and torsional stiffness of
the membrane disk under torsion are analyzed;

4) Under the action of bending stress and axial deformation of
the membrane plate;

5) Misalignment, deflection, bending deformation, angular
stiffness and additional bending moment of membrane disk;

As early as 1951, W.P.H Wolff (Wolff, 1951) proposed a
general differential equation of disc deflection in cylindrical
coordinate system by considering the deformation and
balance of a tiny element on the disc. Under the assumption
of small deformation of disc bending, given the surface equation
of the disc, the deflection and rotation angle of the inner and
outer diameter of the disc in the case of misalignment and
alignment were taken as the boundary conditions, respectively,
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to derive the deflection and deflection of the disc The results
show that with the increase of the surface coefficient n, the
distribution of the torsional shear stress tends to be uniform, and
when # = 2, the distribution of the torsional shear stress on the
hyperbolic membrane plate is equal The relationship between the
radial stress and bending stiffness of the disk under oblique
bending and umbrella bending with respect to the ratio of inner
diameter to outer diameter and the surface coefficient of the
membrane is studied. Firstly, it is pointed out that when the ratio
of inner diameter to outer diameter of the membrane is constant,
with the increase of #n value, the stress concentration at the inner
diameter of the membrane tends to decrease, and the stress at the
outer diameter of the membrane tends to increase, and the
decrease of stress is slower than the increase of stress The
deflection bending stiffness increases obviously. It can be seen
that from the point of view of stress balance, under the condition
of oblique bending, when the stress at the outer diameter and
inner diameter of the membrane is equal, the value n of the
profile can be taken, and the increase of the value 7 is conducive
to improving the critical speed of the coupling system. Secondly,
it is pointed out that when the surface coefficient n is fixed, the
stresses at the inner and outer diameters of the membrane and
the bending stiffness of the membrane disk increase with the
increase of the ratio of the inner and outer diameters of the
membrane, so it is better to have a smaller ratio of the inner and
outer diameters of the membrane. In this paper, the deformation,
stress and stiffness characteristics of a single diaphragm of bolted
diaphragm coupling are calculated and analyzed in detail, and the
requirements of surface shape, inner and outer diameter ratio in
the design of diaphragm coupling are pointed out, which has
important reference value for the establishment of the design
theory of diaphragm coupling. However, it is only a theoretical
calculation, lack of experimental verification; and in the design of
membrane disk coupling, the performance of membrane disk is
also affected by its connecting parts and working conditions,
these factors are not considered in the paper.

In 1976, M.M. Calister (Calistrat, 1976) of Koppers company
pointed out that the performance of diaphragm coupling largely
depends on the fatigue limit of diaphragm, and the fatigue limit
depends on the angular misalignment and axial deformation of
diaphragm. The fatigue S-N curves of the membrane disk under
various extreme conditions are tested comprehensively. The
research shows that the membrane disk coupling is quite safe
under rated conditions. Only when the angle misalignment is
increased to at least three times of the rated value can the fatigue
failure be induced. Under the condition of alternating stress,
fatigue failure will occur no matter in the case of no axial
displacement or large axial displacement. However, the cracks
in the former are circumferential and almost no buckling, while
the cracks in the latter are randomly and irregularly distributed
with severe buckling. In addition, the failure curve of the
membrane disk is drawn under the coordination of different
axial deformation (stress) and different angular deformation
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(stress). According to the failure curve, the plane is divided
into two parts (failure area and safety area). The closer the
failure curve is, the worse the safety stability of the membrane
disk is. Therefore, the failure curve is translated to the safety area,
and the safety factor and its safety factor are formed The safety
design area of the corresponding membrane disk. This method
provides convenience for failure judgment and design based on
fatigue failure.

In 1980, Bi Chengwu (Chengwu, 1980) made a more
detailed analysis on the relationship between bending stress,
torsional shear stress, angular stiffness, bending stiffness and
disc size and surface coefficient of single disc of Bendix like
membrane disc coupling in combination with the previous
research results and the experimental research results of
703 Institute, which is clearer than w.p.h Wolffs. It is
recommended that the ratio of inner diameter to outer
diameter of the membrane should be between 0.4 and
0.5 under the condition that the stiffness of the membrane
disk (hopefully higher) and the strength of the connecting bolt
of the membrane disk at the hub are considered to limit the size
of the hub. However, in the given surface equation t = t,,/ (g)” ,
the n = 1 and N = 2 surfaces are straight cone and hyperbolic
surfaces, which are obviously not suitable. Because when n =1,
the relationship between the thickness T and the radius R is an
inverse proportional function, that is, with the increase of the
radius, the thickness of the film decreases in an inverse
proportional function (hyperbola), rather than a straight
line. When n = 2, the relationship between the thickness T
and the radius r is a power function, and the thickness t only
decreases faster with the increase of the radius #, which does not
conform to the definition of hyperbola in the strict sense of
mathematics.

In 1988, Wang Xinfeng (Wang, 1988) analyzed the axial
bending stress, deflection bending stress, torsion stress and
centrifugal stress of membrane disk, and gave the calculation
method of safety factor of membrane disk coupling by comparing
the working stress with Goodman curve, and solved the
equivalent stiffness and critical speed of membrane disk
coupling under axial vibration, transverse vibration and
conical vibration. The objective optimization method to
minimize the maximum stress or weight of the membrane
disk coupling under a given load is analyzed by an example,
which has important reference significance for the design of
membrane disk.

In 1993, Guo Xiaoming (Guo et al., 1993) used the finite
element method to analyze the stress and flexibility of the
membrane disk under the action of axisymmetric bending,
non-axisymmetric bending and torque, and verified it through
the experimental test. It shows that the distribution of the
membrane disk surface thickness is the main factor affecting
the membrane disk flexibility and the stress concentration inside
and outside the surface, and the bending stress level of the surface
is the main reference basis for the membrane disk design. Based
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on this, by comparing with four types of membrane disc coupling
of Eagle company in Japan, a kind of folded line membrane disc
surface with equivalent stress level is designed.

In 2004, Xuan qi (Xue and Guo, 2008) analyzed and
compared the stress characteristics of several diaphragm
couplings and the stress calculation formulas given in relevant
literature, and gave some modified formulas. Through checking
and calculating the diaphragm of an imported device, it was
verified that the calculation results of the modified formula were
closer to the reality. The formula correction proposed in this
paper is based on practice, and only one kind of membrane disc
coupling is calculated and checked, so the application area is
narrow.

In 2008, AI Pinggui (Ai and Zhu, 2008) used APDL
language to model the membrane disk, and solved the stress
analysis and modal analysis under centrifugal force, torsion and
axial force of coupling separately. However, the model
established in this paper is a fully symmetric conical disk
structure, which is not suitable for asymmetric multi disk
analysis even through parameter adjustment, and cannot be
used for wavy disk analysis. In addition, the actual operation of
the coupling is multi force comprehensive action, which has
little practical significance for the analysis of single force or
torque action. In the same year, Zhu Keke (Zhu and Zhu, 20083;
Zhu and Zhu, 2008b) gave the analytical solution of shear strain
by using the principle of energy variation under the assumption
that the radius of the middle plane remains unchanged before
and after deformation.

In 2013, Yue Peng (Yue et al., 2013) took linear, pyramid and
hyperbolic 3 typical membrane surfaces as an example. Through
finite element analysis, the stress distribution of each type of
mask tray under the single condition of axial displacement,
angular deviation and torsion was compared with the three
composite working conditions, and the stress distribution of
each type of mask disc was summarized. The applicable
conditions of the contract. This paper provides a theoretical
basis for the design and application of membrane disk coupling
according to different working conditions, and provides a new
further
membrane disk.

Similarly, in 2016, Li Bo (Bo et al., 2016) took the n-type
double diaphragm (hyperbolic surface) diaphragm coupling as

idea for improving the performance index of

the research object, and analyzed its stress under centrifugal load,
torque load and misalignment load by using ANSYS software,
which provided a certain reference for the structural modification
of coupling diaphragm.

In 2017, Cao Angang (Cao et al,, 2017a) took the commonly
used cone-shaped membrane disk as an example, and used ANSYS
software to analyze the stress and safety factor distribution of
membrane disk under the combined action of multiple loads.
According to the analysis results, the original conical profile is
improved and designed as a thin profile in the middle and thick at
both ends (Figure 9), and multi parameter optimization is carried
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X=C\Y*+C:

New hyperbolic profile Parabolic profile

FIGURE 9
Failure styles of the diaphragm. (A) New hyperbolic profile (B)
Parabolic profile.

out by using the optimization module of ANSYS. After
optimization, the stress on the surface of the membrane disc is
reduced and the minimum safety factor is increased. In the same
year, based on the stress-strain distribution of membrane disk under
the action of isotropic load, the axial stiffness, angular stiffness and
torsional stiffness were calculated (Cao et al., 2017b). In (Cao et al.,
2019) of 2019, ANSYS was used to analyze the influence of profile
parameters (profile thickness, profile amplitude and profile period)
on the safety factor of the coupling. It was found that under the
selected unit conditions, the profile thickness of the corrugated
membrane disk was 0.4 mm, the profile amplitude was 5 mm, and
the profile period was a sine curve period. The safety factor is
determined by comparing the combined stress of dynamic and static
stress with the modified Goodman curve, which provides a stress
analysis method for membrane disk design of membrane disk
coupling.

All of the above are based on the analysis of the stress and
deformation of the diaphragm, according to the influence of
the stress, strain and stiffness of the diaphragm on the
coupling, the design suggestions of the diaphragm coupling
or the improvement of the structure of the diaphragm are put
forward, and most of them are based on the software
simulation research, which cannot consider the internal
role between the components of the diaphragm coupling
and the external multi physical environment as a whole
Moreover, the research contents are static or quasi-static,
which is far from enough for the design of diaphragm
coupling under the actual high temperature and high speed
operation conditions.
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Various misalignment states of diaphragm coupling. (A) Horizontal misalignment (B) Angular mixed misalignment (C) Horizontal and angular
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Analysis of dynamic characteristics of
diaphragm coupling

With the increasing use of metal diaphragm couplings,
people have realized the necessity of overall research and the
importance of its dynamic characteristics. At present, the
research on the dynamics of membrane disk coupling is
mainly reflected in the following aspects:

1) Research on the dynamic parameters of the diaphragm
coupling, including the stiffness and damping of the coupling.

2) Under the condition of misalignment in all directions
(Figure 10), the dynamic characteristics of the membrane
disk coupling are analyzed, including the critical speed and
response analysis of transverse vibration, axial vibration and
torsional vibration.

3) Test and Research on dynamic fatigue characteristics of
coupling.

4) The influence of diaphragm coupling on the dynamic
characteristics of bearing rotor system is studied.

In 1976, F.K. Landon (Landon and Counter, 1976) of the
United States first studied the axial vibration characteristics of
Bendix type metal diaphragm coupling in theory, taking into
account the relative sliding damping of diaphragm which is only
available in multi diaphragm group. M. M. Calister (Calistrat,
1976) carried out a full range of fatigue tests on Bendix
various extreme conditions

diaphragm coupling under

(angular misalignment, axial misalignment, high torque, etc.),
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determined its operation limit and reference pictures that can be
used to identify the failure forms of diaphragm coupling, and
fully realized the high reliability of diaphragm coupling far
exceeding rated parameters. C. B. Gibbons (Gibbons, 1976)
analyzed the force and torque of Bendix diaphragm coupling
acting on the connecting shaft under the condition of horizontal
misalignment, and gave the calculation examples of reaction
force and torque of several diaphragm couplings with different
diaphragm shapes. In the early 1980s in China, Bi Chengwu
(Chengwu, 1980) first proposed that the overall strength of the
diaphragm coupling should be calculated, and briefly analyzed
the connection parts, the selection of the diaphragm material and
the force of the coupling on the support. Taking the bolted
double diaphragm coupling as an example, the general design
steps, the overall design ideas and the factors to be considered are
introduced in detail and systematically. The simplified physical
model of the coupling and the critical speed estimation formula
of transverse vibration and axial vibration under the model are
given, and the finite element method is pointed out the method of
accurate calculation. In 1982 (Chengwu and Wang, 1982) and
1988 (Chengwu et al., 1988), Mr. Bi made further finite element
analysis and Experimental Research on the overall structural
strength of the double diaphragm coupling. Through the
comparative analysis of the overall stress of the diaphragm
coupling under six different connection flange forms, he
pointed out the relationship between the connection flange
structure of the coupling and the performance of the
diaphragm coupling, and proposed that the stiffness should be
selected in the design At the same time, according to the practical
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application of the coupling, it is suggested that the intermediate
shaft should be designed as a hollow shaft with long hollow
length, and the stiffness requirements should be taken into
account. In 1984, Mr. Bi introduced his platform (Chengwu
and Lin, 1984) to carry out the experimental research on the
membrane disc coupling, and carried out experimental research
on the static performance and dynamic performance of the
membrane disc coupling. The static test includes the torsion
bearing capacity test, umbrella deformation test and deflection
bending test of the single membrane disc; the dynamic test
includes the performance test of the coupling system under
the condition of axis alignment and misalignment; the two
The published
theoretical calculation of membrane disk coupling design has

focus on their respective characteristics
been verified well, which provides support for the popularization
and application of its design theory. However, it is limited to the
strength analysis based on membrane disk stress under static and
dynamic conditions, and the research on the influence of
coupling design on the system performance of its connected
shafting is less.

In 1995, A.S. Sekhar (Sekhar and Prabhu, 1995) proposed to
use high-order finite element method to solve the mass
unbalance response of rotating shaft under the condition of
horizontal and angular misalignment of Bendix diaphragm
coupling. The result shows that the synchronous response
while the
frequency doubling amplitude is heavily dependent on

amplitude is less affected by misalignment,
misalignment.

In 2000, H. Birkholz (Birkholz et al., 2000) carried out a lot of
numerical calculation and Experimental Research on the stress
response and deformation response of n-type double diaphragm
coupling under the action of torque, bending moment and axial
force. The research shows that the torsional stiffness is constant,
while the bending stiffness is nonlinear. It has good torque
transmission characteristics. The test results also confirm its
excellent torsional stiffness.

In 2009, S. Ganesan (Ganesan and Pandmanabhan, 2009)
estimated the influence of rotational speed on the rotor system
with a diaphragm coupling. The paper used Abaqus software to
calculate the diaphragm stiffness in different rotational speed and
lumped as a stiffness matrix for the rotor model. The results
indicated that the bending critical speeds of the rotor system vary
depending on angular velocity due to centrifugal stiffening and
gyroscopic couple. However, the influence of the diaphragm
coupling on rotor system is not studied in this paper.

In 2010, under the assumption of plane stress, Chen Wenpin
(Chen and Ma, 2010) and others studied the axial stiffness of
membrane disk coupling under axial symmetrical load by using
tensor analysis and energy variational method, and analyzed the
influence of membrane disk thickness, profile shape, radius ratio
and transmission torque on the axial stiffness. Through the
comparison with the simulation results, the correctness of the
assumptions and conclusions was verified, which is a reference
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for membrane disk coupling It provides a reference method for
the calculation of dynamic parameters of disc coupling.

In 2011, Wang (Wang et al., 2011) took the interference type
membrane disc coupling as the research object. Under certain
mechanical assumptions, the calculation method of axial
misalignment compensation was given theoretically, and the
calculation example was solved. Then, according to the
characteristics of the tight fit diaphragm coupling, the
coupling is simplified as a mass spring model in the axial
direction, and its axial dynamic equation is established.
Through the combination of analytical calculation and ANSYS
simulation, the axial modal and dynamic response are solved
(Guo et al.,, 2013), and the results are in good agreement.

In 2012, Yang Shang (Shang, 2012) took the Huake coupling
as the research object, established its discrete equivalent system
model, and combined with the transfer matrix method,
established the bending torsion shaft vibration model and
mathematical expression of the coupling under the condition
of rigid support, and solved it. Then, the three-dimensional finite
element models of flexible diaphragm coupling with different
thickness of diaphragm are established in ANSYS and ABAQUS
respectively, and the vibration characteristics of flexible
diaphragm coupling under four different working conditions
are analyzed respectively. The static stress analysis, steady-state
dynamic stress analysis, transient dynamic stress analysis and
harmonic response analysis of the 0.85 thickness model are
carried out to obtain the mechanical characteristics of the
coupling under rated conditions. By comparing the natural
frequencies and mode shapes of the coupling obtained by the
transfer matrix method and the finite element method, the
rationality of the bending torsion shaft vibration model of the
coupling is verified, which provides a theoretical reference for the
research and analysis of the complex vibration forms of the
flexible diaphragm coupling and the improvement and
optimization of the product in the next step. Wang Wei
(Wang et al., 2012) et al. Established a simplified calculation
model for the rotor structure of an aircraft accessory
transmission system with diaphragm coupling in a research
institute, calculated and analyzed its critical speed through the
transfer matrix method and the finite element method, discussed
the influence of different modeling methods and different
simplified forms on the critical speed, and made more
accurate analysis and Analysis on the diaphragm coupling
using the finite element software The research can be used for
reference.

In 2015, Li Bobo (Li, 2015; Li et al, 2017) used the
commercial software ABAQUS to carry out the modal
analysis and dynamic stress solution of the membrane disk
coupling under the rated condition, limit condition, axial
overload, transverse overload and other conditions, and
obtained the vibration displacement, stress, velocity and
acceleration characteristics of the nodes in the important area
of the membrane disk with time. In addition, under the condition
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of ensuring the static strength, the author optimizes the topology
of the intermediate shaft of the diaphragm coupling, and realizes
the lightweight design of the diaphragm coupling.

In 2017, Liu Guoping (Liu and Fang, 2017) and others
analyzed the axial tensile stiffness, axial compression stiffness
and axial natural frequency of a metal diaphragm coupling by
finite element method. The axial vibration test was carried out
under the operation condition. The results show that the axial
tension stiffness and compression stiffness of the metal
diaphragm coupling show obvious nonlinear characteristics,
and there is axial vibration natural frequency in the working
speed range.

In 2018, Wang Chuangqi (Wang and Yang, 2018) analyzed the
characteristics of the dynamic balance characteristics of the
diaphragm coupling and the causes of its deflection
characteristics, gave the dynamic balance method of the
diaphragm coupling, found the key points of the dynamic
balance of the diaphragm coupling through the dynamic
balance test, and solved the dynamic balance of the
diaphragm coupling by optimizing the tooling, changing the
dynamic balance speed and changing the allowable dynamic
imbalance value It provides a balance scheme for the dynamic
balance of components with flexure characteristics at high speed.
In the same year, Wang Guoping (Wang et al., 2018b) studied the
fitting pressure distribution of the coupling element of small-size
closed interference type diaphragm disc coupling, constructed
the deformation higher-order differential equation of the
coupling element by using the plate shell theory, and gave the
numerical solution of the fitting pressure according to the general
form of the general solution, the second kind of Volterra integral
and the segmented trapezoidal method, which was in good
agreement with the calculation results of the finite element
software The consistency of the system. In 2019 (Wang et al,
2020), on the basis of the previous paper, the author constructed
the analytical calculation formula of the pressure distribution of
the thin-walled closed interference fit, solved the undetermined
coefficients, and gave the solution method of the bending
moment and shear force at the joint of the coupling element
and the diaphragm disc, which realized the analytical expression
of the large nonlinear interference fit pressure, and provided a
theoretical basis for the design of the interference joint
diaphragm disc coupling.

In 2019, Zhen man (Man, 2019; Man et al, 2019) the
numerical simulation of coupled rotor system of gas turbine
generator set is carried out by MATLAB, and the motion
differential
Considering the stiffness nonlinearity of diaphragm coupling

equation is solved by Newmark-f method.
caused by large deformation, the effects of critical speed, modal
shape, unbalance response and coupling stiffness on the dynamic
characteristics of coupled rotor system are analyzed. The results
show that the critical speed and unbalanced vibration response of
the coupled rotor system are higher than that of the single rotor
system. The increase of the coupling stiffness will increase the
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critical speed of the coupled rotor system, and the unbalanced
vibration response will also increase. Moreover, the difference
between the nonlinear stiffness model and the linear stiffness
model is 16.77%. Li Xuezhi (Li et al., 2019) studied the structure
and dynamic performance of the redundant diaphragm coupling,
aiming at the problem of fatigue failure and fracture failure
caused by the sudden change of load in the working process of the
high-speed diaphragm coupling. The overall structure of the
redundant diaphragm coupling is designed, the finite element
analysis model of the diaphragm is established, and the optimal
thickness of the diaphragm meeting the design requirements is
calculated. The dynamic performance of the coupling is studied
and the amplitude frequency response curve under the unit
harmonic excitation is obtained. This research can provide a
reference for the further improvement of the performance of the
diaphragm coupling and the redundant design.

According to the above literature on the dynamics of
diaphragm coupling, the current research mainly focuses
on the static and axial dynamic characteristics of bolted
the
vibration, lateral vibration and misalignment of the rotor

diaphragm coupling. The research on torsional
vibration system of diaphragm coupling is obviously
insufficient, and the multi physical field coupling problem
under working conditions is almost not involved. As for the
interference coupling, the number of research literature is less.
However, there are articles in the direction of evolutionary
optimization (Ma et al., 2021a; Ma et al., 2021b) research
showing that some methods can interfere with the coupling
relationship. Perhaps this will help to advance the next

research.

Conclusion

In summary, although the diaphragm coupling has a
commercial scale, it is obvious that the theoretical research
lags behind seriously, and the literatures on the theoretical
the
optimization of diaphragm profile, the research on the

research mainly focus on design, analysis and
combination form between the membrane discs and the
overall structure form of the membrane disc coupling, and the
research on the axial dynamic characteristics of the membrane
disc coupling. The research on the overall dynamic performance
parameters of the membrane disk coupling, the dynamic
characteristics of the coupling bearing rotor system and the
multi field coupling effect is insufficient. In the current
research literature, there are various forms of diaphragm
coupling, however, there is no unified design standard or
criterion, which is not conducive to the development of the
industry.

Therefore, we should continue to carry out in-depth and
systematic research on the design theory of diaphragm coupling,

mainly including:
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1) Influence of connection form of membrane disk coupling on
static and dynamic performance of membrane disk coupling.

2) Study on the stiffness and damping characteristics of
diaphragm coupling and shaft.

3) Study on dynamic parameters of diaphragm coupling.

4) Study on the whole dynamic model of diaphragm coupling.

5) Study on dynamics of membrane disk coupling bearing rotor
system (including alignment and misalignment).

6) Research on the compensation ability of membrane disk
coupling misalignment in all directions.

7) Research on the influence of coupling structure parameters
on static and dynamic performance of coupling.

8) Research on the influence of multi physical fields on the
diaphragm coupling and coupling bearing rotor system.

In order to obtain the design criteria of diaphragm coupling
and promote the design and application of diaphragm coupling.
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