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Abstract 
In view of the problems of inconvenient collection of ordinary umbrellas, difficult to 
handle residual rainwater, as well as the development needs of the field of umbrella 
sharing. Based on the independently designed mechanical structure, a push-pull reverse 
umbrella is designed to facilitate the opening of the umbrella surface while handling the 
residual water on the umbrella surface, and meets the needs of umbrellas in the field of 
umbrella sharing. 
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1. Introduction 

In today's rapid development of science and technology, people constantly pursue a more convenient 
lifestyle.In the rainy season, we found that when people open their umbrellas, the residual rain on the 
umbrella is easy to splash and is not easy to deal with, which affects people's mood and efficiency of 
travel.For the umbrella itself, the fast closing umbrella surface is easy to fold, slow finishing and 
delay time, it is often difficult for people to choose from the beauty and convenience. In windy areas, 
umbrellas are easy to fold, which can inconvenience people to travel and cause a waste of resources. 
In order to solve the above problems, we have developed a push-pull reverse umbrella. With the help 
of an independently designed mechanical structure, we can open and close the umbrella without 
touching the umbrella surface, and handle the residual rain. 

2. Product Background 

2.1 Reasons for the Product Invention 

Umbrella is one of the daily necessities of people's life. Most of the umbrellas shown in the market 
today are tied by hand, and people are often helpless about the rain left on the surface of the umbrella, 
so we have developed a push-pull reverse umbrella. 

2.2 Umbrella Environmental Background 

2.2.1 The Market Size and Sales Volume of Umbrellas are Very Huge 

Increasing productivity has changed all aspects of people's lives, and while life is more convenient, 
the production of umbrellas is also surging.According to statistics, the market size of China's umbrella 
industry in 2020 was 7.392 billion yuan, up 7% year on last year.In 2020, the sales volume of the 
department store market was 295.9 billion umbrellas, 941.5 billion supermarket umbrellas, 134.5 
billion umbrellas in exclusive stores, and 995.3 billion umbrellas on e-commerce platforms. 
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Fig. 1 Market size of umbrella sales 

2.2.2 Ordinary Umbrella Problems 

Residual rainwater is refractory. 

The outside of the umbrella cloth covered with water droplets, will get everywhere, on the table wet 
table, into a muddy backpack. 

Poor wind resistance, the umbrella rack is not firm. 

Ordinary umbrella umbrella bones are distributed independently, not firm and have poor wind 
resistance. 

Poor cleanliness. 

Every time the use of the umbrella will make the umbrella surface become fold, affect the appearance. 

2.3 Competition Analysis 

We selected commonly used umbrellas in the market for advantage comparison analysis as shown in 
Table 1. 

 

Table 1. An Analysis of the Product Advantages 

 
Oil paper 
umbrella 

Ordinary 
folding 
umbrella 

Air 
umbrel
la 

Reverse 
umbrella 

Push-pull 
reverse 
umbrella 

Low cost √ √   √ 

excellent performance  √  √ √ 

pleasing to the eye √  √ √ √ 

It doesn't splash when you take an 
umbrella 

  √ √ √ 

Easy to carry  √ √  √ 

No manual strap is required when 
collecting the umbrella 

  √  √ 

It takes too little space to open an 
umbrella 

  √ √ √ 

Convenient to store and remove water 
after receiving umbrellas 

  √  √ 
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It can be seen that the push and pull reverse umbrella has obvious advantages, strong competitiveness, 
and is bound to become the leader in the field of umbrella. 

3. Product Innovation Design 

For the above project background, we designed the push-pull reverse umbrella. This design 
innovatively uses a variety of mechanical principles and new materials to skillfully design a new 
umbrella, equipped with a flexible umbrella handle and a unique umbrella bone structure allowing 
the umbrella to withstand more pressure while making it more convenient. With convenience, 
practicality and economy as the core features, to create a unique new rain gear. 

We found that when people open and put away umbrellas, they often tend to sprinkle the residual rain 
into the car, the house and even the clothes, and often open and fold the umbrella surface fold, very 
inconvenient. 

To solve the problem of the existing umbrella, we developed the push-pull reverse umbrella, as shown 
in Fig. 2. 

 

               
a. Expand diagram           b. Expand skeleton view         c. close umbrella diagram 

Fig. 2 Push-pull reverse umbrella model diagram 

 

Its advantages are as follows: 

The outer tube is designed to take the umbrella less space. 

The push-pull opening mode makes the expansion and contraction more convenient and faster. 

Remove the trouble of finishing the umbrella surface and treating the residual rain. 

The self-designed umbrella bone is more durable, convenient and easy to shrink. 

The unique funnel roof flows rain out of the mouth. 

The gap between the top of the umbrella and the external pipe filters out most of the rain. 

The pull design has more environmental applicability, which can make it more convenient for people 
who come out of the car and the building to open an umbrella, and reduce obstacles when a small 
space unfolds into a large space. 

The two-barrel opening structure saves the step of collecting the last umbrella belt and improves the 
use experience. 

The two-barrel structure reduces the contact between the umbrella surface and the outside world, is 
easy to carry and store, and increases the service life of the umbrella surface. 

3.1 Technical Design Scheme of Each Structure (Umbrella Handle and Umbrella Top) 

Combining the above ideas and things, the umbrella handle and the umbrella top were redesigned 
first. A new type of umbrella handle is then made, which is divided into two parts: the external pipe 
and the internal umbrella handle, fixed by the card slot and the buckle connection, which can adjust 
the expansion degree of the inner umbrella handle. Fig. 3 shows the design of the outer pipe. The 
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inner handle and the top are connected by a long rod, which connects the inside with rubber so that 
the handle and the top are retractable. The top of the umbrella is a funnel-shaped structure, with water 
outlets at the top. There is a narrow gap between the outer pipe and the top of the umbrella, which 
can also filter out most of the water on the umbrella surface without affecting the collection and 
discharge of the umbrella surface. Fig. 4 shows the design of the umbrella. 

 

 
Fig. 3 External pipe internal rod 

 

 
Fig. 4 umbrella top 

 

After extensive experiments, the project used a specially selected new material, -- ABS, to make the 
umbrella handle and umbrella top. 

ABS is a polymer composed of copomerization of three monomers: acrylonitrile Acrylonitrile 
(23~41%), butadiene Butadiene (10~30%) and styrene Styrene (29~60%), with the English name 
Acrylonitrile-Butadiene-Styrene or ABS. 

The ABS has many excellent features: 

heat resistance. 

Molecular model of high molecules in ABS stands into 3 D structure to form mesh to inhibit 
molecular movement; add aromatic ring and lipid ring structure to the molecular structure; add polar 
group to suppress molecular structure by binding forces like hydrogen oxygen chain; and import 
crystal structure for heat resistance modification. 

Material properties: 

Conventional performance. 

Plastic ABS is non-toxic and tasteless, ivory-colored translucent in appearance, or transparent 
particles or powder.The density was 1.05~1.18g/cm 3, shrinkage was 0.4%~0.9%, elastic modulus 
value was 2Gpa, Poisson ratio was 0.394, moisture absorbance <1%, melting temperature 217~237℃, 
and thermal decomposition temperature> 250℃. 

Mechanical properties. 

Plastic ABS has excellent mechanical properties, excellent impact strength, can be used at very low 
temperature; plastic ABS has excellent wear resistance, good size stability, and oil resistance, can be 
used for bearings at medium load and low speed.ABS has greater creep resistance than PSF and PC, 
but less than PA and POM. 

Thermal performance. 
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The thermal deformation temperature of the plastic ABS is 93~118℃, and the product can be 
increased by about 10℃ after annealing treatment.The ABS still shows some toughness at-40℃, and 
can be used in a temperature range of-40 to 100℃. 

Electrical performance. 

Plastic ABS is electrically insulated and almost unaffected by temperature, humidity and frequency, 
and can be used in most environments. 

Environmental performance. 

Plastic ABS is not affected by water, inorganic salts, alkali and various acids, but it is soluble in 
ketones, aldehydes and chlorinated hydrocarbons, and erosion by ice acetic acid and vegetable oil 
will produce stress cracking.ABS has poor weather tolerance and prone to degradation under UV 
light; after half a year outdoors, the impact intensity decreased by half. 

3.2 Technical Design Scheme (Umbrella Bone) 

The umbrella bone is connected by a new type of long rod. When entering the interior of the external 
pipe, the umbrella bone and the long rod are folded. When the umbrellas are all open, the umbrella 
bone presents a certain Angle, while the long rod is completely stretched to support the umbrella 
surface.Fig. 5. 

 

 
Fig. 5 Umbrella bone 

 

After numerous experiments, the project used a specially selected new material, -- fiberglass, to make 
the umbrella bone. 

Fiberglass is a kind of inorganic non-metallic material with excellent performance, a variety of 
advantages are good insulation, strong heat resistance, good corrosion resistance, high mechanical 
strength, it is usually as a reinforced material, electric insulation material, thermal insulation material 
and circuit substrate, widely used in various fields of national economy. 

Compared with steel bones and iron bones, the umbrella bone made of fiberglass has the 
characteristics of non-rust, high temperature resistance, wind protection and rainstorm resistance. The 
umbrella frame made is not easy to break, strong and durable. 

The raw material of fiber umbrella bone glass fiber yarn determines the quality of umbrella bone, 
fiberglass yarn has low and high-grade quality. 

Fibrotic yarn is divided into three grades: soil yarn, high alkali yarn and medium alkali yarn. 

High alkali yarn: the umbrella bone is strong and resilient, will not crack, can pass the non-toxic test, 
pressure test.The umbrella skeleton is usually produced with this high-alkali yarn. 

This product uses excellent performance of high alkali yarn to make umbrella bone. 

3.3 Technical Design Scheme (Umbrella Surface) 

After a lot of experiments, the project used a specially selected economic material, -- nylon, to make 
umbrella noodles.The umbrella face model is shown in Fig. 6. 
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Fig. 6 Umbrella surface 

 

In addition to the cheap price, nylon cloth also has the following characteristics suitable for making 
umbrella noodles: 

Strong cleaning and pollution resistance; high melting point and elasticity; high color fastness; strong 
wear resistance and dust resistance. 

3.4 Technical Design Scheme (Umbrella Bone Stuck Position Ball) 

There is a ball at the end of the umbrella bone, which is stuck between the top of the umbrella and 
the handle (external tube) when the bone is withdrawn to prevent the umbrella surface from stuck 
inside the external tube.Fig. 7. 

 

 
Fig. 7 Umbrella bone stuck position ball 

4. Product Expansion 

4.1 The Problem of Sharing Umbrellas Today 

Nowadays, more and more shared umbrellas appear in the public view, but the development scale has 
not grown for the reasons: 

The shared umbrella itself has structural problems, and only the umbrella is used as a recycling part, 
and the recycling efficiency is low. And the long-term exposure of the umbrella surface to sunshine 
and rain shortens the life of the umbrella surface, increases the maintenance costs, and also increases 
the damage rate of the umbrella surface. 

The environmental problems caused by shared umbrellas cannot be solved. Make shared umbrellas 
with ordinary umbrellas. The residual rain from the umbrella surface falls on the ground, making the 
ground in the shared umbrella area slippery and muddy. Fig. 8. 
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Fig. 8 Existing problems with shared umbrellas 

4.2 Advantages of Push-pull Reverse Umbrella: 

Benefits of implementing a shared umbrella program with push-and-pull-back umbrellas: 

The push-pull reverse umbrella presents the barrel rod structure, which is not only conducive to the 
storage and registration of the shared umbrella, but also the overall water beam type design can 
eliminate the residual rainwater from the umbrella surface from the top of the umbrella, which not 
only keeps the ground dry and clean, but also protects the umbrella surface and increases the service 
life of the umbrella surface. 

The push and pull-back reverse umbrella income is generally rod-shaped, and with a special collection 
of umbrella sharing machines, you can efficiently collect umbrella and statistical umbrella data. 

The outlet of the top of the umbrella matches the umbrella collection machine, equipped with a drain 
at the bottom, to better maintain the surrounding environment of the shared umbrella. Fig. 9 shows 
the concept picture of the shared umbrella recycling machine. 

 

 
Fig. 9 Concept diagram of the new shared umbrella recycling machine 

5. Conclusion 

In order to improve people's experience of using umbrellas, we have adjusted the umbrella structure 
and obtained the independent innovative design- -push and pull reverse umbrella, which is convenient 
to use and adopts the push and pull open surface of the umbrella to reduce the space needed for 
opening the umbrella; effectively clean up the residual rain on the umbrella surface to prevent the 
rain from splashing. Bring convenience to people's travel. 
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