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Abstract. Most of the gliders need to be assembled and disassembled before and after flight.
After reviewing the information, we found that there are almost no semi-automatic foldable
gliders on the market. Based on the four-bar linkage and slider structure of the umbrella, we
designed two umbrella-like structures to fold the glider's wings and its tripod—one on the
upper part and one on the bottom part. These two umbrella-like elements are controlled by
the same main slider, which is placed in the horizontal direction at the middle part of the
entire structure (one on both the left half and the right half). Meanwhile, glider wings may
encounter many obstacles and weather conditions, such as wind and rain, during flight. In
order to adapt to wind velocity and detour obstacles, we have decided to use another four-
bar linkage structure to adjust the elevation angles of the left and right wings separately.
There are four such four-bar linkage structures on the wings (two on both the left half and
the right half). If the speeds of the left wing and the right wing are not the same, the
direction of flight can be changed. Thus, this structure can facilitate takeoff, speed
adjustment, and direction change.

Keywords: automatic, foldable, Adjustable elevation angle, four-bar linkage, umbrella-like
elements

1. Introduction

Currently, the fuselage and wing structures of classic hang gliders are fixed. This results in not only
inconsistent maneuverability during low-speed take-off and cruise flight, but also some
inconvenience in transportation. In general, a structure has no internal movement or relative motion
among its members. Deployable Structures [1] or motion structures [2] are different. Their geometry
can be altered to meet certain requirements. Based on the mobility of a mechanism [2], we
investigated the theoretical feasibility of applying connecting rod mechanisms to the fuselage and
wings. The flap wing is supposed to significantly enhance the consistency at handling at different
speed to improve the safety. The foldable fuselage makes transportation and carrying more
convenient.
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Deployable mechanisms, such as umbrella-like deployable mechanisms, can unfold and retract
their configurations according to changes in their working states. Many aircraft, such as aerospace
equipment, cannot enter space in their fully deployed working state, so deployable mechanisms are
widely applied. Wang X et al. [3] proposed a new umbrella-like deployable mechanism with the
planar four-bar crank-slider mechanism as the deployment unit. They determined the angle and
proportion of the model, simulated the movement process, and verified the effectiveness of the
model's deployment and folding processes. Zhang J et al. [4] took the position and attitude of the
wing folding and unfolding of flapping-wing aircraft as the design goal, and based on the
mechanism combination design method, designed a transient folding-unfolding mechanism
composed of slider linkage, spherical linkage and spatial linkage.

Establishing multi-level and multi-stage models is necessary for the design of mechanical
structures of insect-inspired foldable wings. Insect wings, such as the zig-zag folding mechanism of
dragonfly wings, are a multi-level structure [5]. Truong Q-T et al. [6] designed a foldable wing with
a four-bar linkage mechanism modeled after insects to achieve the retraction and folding of the
wing. The folding process of this bionic foldable wing is relatively simple and stable. Zhao Z F et al.
[7] designed a flapping wing structure based on a four-bar linkage mechanism. They determined the
output angle of the linkage mechanism according to the movement range of the bird joint angles,
enabling it to move within the desired range.

2. Construction and geometrical dimensions of specimens

2.1. Design 1

The main structure of the glider is folded using the principle of a parallelogram mechanism, while
the change in the elevation angle is achieved by flaps composed of a four-bar linkage mechanism
(we named this model No.1), as shown in Figure 1. Origami and graphical methods [1] can be used
to better understand the folding of a mechanical structure.

The dimensional synthesis of the four-bar mechanism for path generation can be achieved
through two theories: relative angular motion analysis and the link geometry parameterization with
Cartesian coordinates [8].

Figure 1. Picture of model No.1

Describe the deployable structures using a topology diagram [9]. In Figure 2, the geometrical
dimensions of the parallelogram mechanism of the glider (shown in Figure 1) are presented for both
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the unfolded state and the folded state.
The fold ratio [10] quantifies the ratio between the area of the unfolded and folded wings, and it

is a key factor in evaluating the maneuverability of foldable wings. We have achieved an extremely
high fold ratio in our design. This means the wings can be more compact when folded, while
ensuring sufficient aerodynamic area when unfolded, which is highly valuable for enhancing the
storage convenience and flight performance of the equipment.

Figure 2. Geometrical dimensions of the Parallelogram Mechanism

In Figure 3, the geometrical dimensions of the 4-bar Linkage Mechanism of the glider (shown in
Figure 1) are presented for both the smallest elevation angle state and the greatest elevation angle
state. The primary feathers of birds can rotate independently, serving as the main source of thrust
[11], which generates flight during the flapping downstroke. Our four-bar linkage design helps
provide lift by creating a bird-like wing structure.

Figure 3. Geometrical dimensions of the 4-bar Linkage Mechanism

2.2. Design 2

In Figure 4, this is the right part of main design diagram of our folding glider (The left half is a
mirror image of the right half) which have two umbrella’s like elements (one is above MF and one is
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under MF). Slider CE and GI are able to move up and down while slider F could move left and
right. AB is part of the wing which is related to main structure.

Figure 4. The right part of main design diagram of the folding glider

Slider F is regarded as a driver. If we pull it to the right, slider CE will come down while slider
GI will rise up so that IJ and AB are tend to be perpendicular to MF and parallel to bar AK which
means the glider is folded.

The extra part of the wing is demonstrated (Fig.5 The extra part of the wing). Point C of bar BC
is connected with the slider and two pink lines are spring. One layer of design 1. can be installed on
each connecting rod.
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Figure 5. The extra part of the wing

Because of the springs, BC and BD (also BD and CE) tend to get close to each other. As shown in
Figure 6, when the slider goes down, springs are released so that BC and BD, BD and CE get close
to each other which means that the wing is folded.

Figure 6. Spring release stress when slider goes down

3. Test results and discussions

3.1. Design 1: parameter analysis

(a) 4-bar Linkage Mechanism
In Figure 7, we are trying to find the relationship between angles x and y and plot the function

between them over the desired range.
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Figure 7. 4-bar Linkage Mechanism

To find the function expression, we represent the links as vectors, define the angle of the 8 cm
link as 0, express these vectors in the complex plane, and finally split it into two equations from the
real and complex directions.

(1)

(2)

(3)

(4)

The diagram of this implicit function is shown in Figure 8.

Figure 8. Relationships between Angle x and Angle y

We set the lowest y value to 24.7°, which corresponds to an x value of 20°. As x increases, the y
value increases until the x value reaches 38°, where it reaches a maximum of 45°, as shown in
Figure 9.

ejx + 6ejθ + 3ej(π−y) = 4

cos x + 6 cos θ − 3 cos y = 4

sin x + 6 sin θ + 3 sin y = 0

36 = (4 − cos x + 3 cos y)2 + (sin x + 3 sin y)2
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Figure 9. Relationships between x and y

(b) Parallelogram Mechanism
In Figure 10, we want to know how the overall length and width of the glider change as the

wing's opening and closing angle α changes when folded.

Figure 10. Parallelogram Mechanism

So we use the sine and cosine trigonometric functions to relate the three variables together.

(5)

(6)

The diagrams of two implicit functions are shown in Figure 11 and Figure 12.

Figure 11. Relationships between α and W

W = 2a = 21 sin α

L = 16 + 10.5 cos α
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Figure 12. Relationships between α and L

In Figure 13, due to the thickness of the 4-bar linkage in the actual model, we set α to a minimum
of 20°. At this point, W can reach 7.2 cm and L can reach 25.8 cm. When the glider is in the
deployed state, α can reach 90°, at which point W is 21 cm and L is 16 cm.

Figure 13. Relationships between α, W and L

3.2. Design 2: parameter analysis

The fuselage of a glider can be viewed as a left-right symmetrical structure, with each side
consisting of two upper and lower five-bar linkage mechanism.



Proceedings	of	CONF-FMCE	2025	Symposium:	Semantic	Communication	for	Media	Compression	and	Transmission
DOI:	10.54254/2755-2721/2025.GL27442

28

Figure 14. Geometrical dimensions of one side of the fuselage structure as seen from the front

As shown in Figure 14, half of the glider fuselage can be simplified from the front view into a
planar linkage mechanism composed of two upper and lower five-bar mechanisms, with a common
horizontal sliding lower link in the middle. The degrees of freedom of this connecting rod
mechanism can be calculated using the Kutz Bach criterion:

(7)

Therefore, this connecting rod mechanism has only one degree of freedom.
We take the distance MF between sliding pair F and point M as the input variable(x) of this link

mechanism, and obtain two output angles α and β. Then, considering the displacement in the
horizontal and numerical directions, the following set of equations can be listed:

(8)

(9)

(10)

(11)

The above system of equations can be used to solve for α(x) and β(x), which are two functions of
the variable x:

M = 3 (N − J − 1) +∑J
i=1 fi = 3 × (5 − 6 − 1) + 7 = 1

X = MF

AB sin α + BC sin θ1 + CE + EF sin θ0 = AM

EF cos θ0 = X

AB cos α = BC cos θ1



Proceedings	of	CONF-FMCE	2025	Symposium:	Semantic	Communication	for	Media	Compression	and	Transmission
DOI:	10.54254/2755-2721/2025.GL27442

29

(12)

(13)

When the connecting rod length is equal to the connecting rod length in the model, the theorical
graphs of these two functions can be drawn, as shown in Figure 15.

Figure 15. The relationship between α and β with respect to x

Based on the actual situation of our model, the value range of x is between 1 and 3.4 centimetres,
α varies between 0.482 and 1.470, β varies between 0.238 and 0.573.

4. Conclusion

Based on the results and discussions presented above, the following conclusions are obtained:
Future work
(1) For design 1, the value shown for the bar linkage couldn’t play the maximum role (range of

angles’ variation) so they must be optimized.
(2) For design 1, possibly use scissor-like elements or look to satellite solar panels for inspiration

to replace the parallelogram, reinforcing the stability of the wing.
(3) For design 2, also optimize the value and balance the ratio of the above part and base part

(getting access to normal gliders).
Advantages and disadvantages
(1) For design 1, the ability to change direction and speed plays a significant role in facing

various conditions in terms of taking off, dropping down, weather conditions, especially wind, and
obstruction. But it has high difficulty and trouble operating the bar for changing angles.

(2) For design 2, using two umbrella-like elements makes it convenient and automatic for folding
and is also suitable for installing elements in study case 1 while it is complex and difficult to
calculate and choose a special length of bars according to the formula in the discussion part. In
addition, more connecting bars lead to an increasing weight of the whole structure as well as less
space for humans.

α (X) = sin−1 [
(AM−CE−√EF 2−X 2)

2
−(BC2−AB2)

2AB(AM−CE−√EF 2−X 2)
]

β (X) = sin−1 [
(KM−GI−√FG2−X 2)

2
−(IJ 2−JK2)

2JK(KM−GI−√FG2−X 2)
]
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