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The semi-automatic gate is mainly used in industries, schools, Hotels, etc. A design for 
the semi-automation sliding gate with electrical energy has been designed and 
implemented at RP IPRC-Kigali. The project aims to fabricate a simple model to show 
how the system would ensure students' punctuality in secondary schools. We use a rack 
and pinion mechanism for sliding the gate forward and reverse in this proposed 
method. It also mainly consists of design aspects such as stress analysis, load 
management, design for the selection of material, size of material, etc. When we press 
the open button, a signal is sent to the main circuitry board, allowing the current to 
pass through to the gate motor, causing the motor to run and open. Once the gate is 
fully open (depending on where the resistant beam is located), the motor stops running, 
causing the gate to stop moving. When the bearing steps on the close button are 
pressed, the same thing happens, but this time, the motor runs in the opposite direction, 
causing the gate to close. The motor was able to move the gate from one end to the 
other smoothly with the push of a button. It is safer and more secure compared to 
manual gates used in secondary schools and it can keep the people who live in the 
compound safe. 
 

Contribution/Originality: The aim of this paper is to design a semi-automated gate for ensuring the students' 

punctuality. Rack and pinion mechanism is used as method. The loads applied to the Gate system, especially moving 

parts must be clear enough to reduce gate risks like malfunction, security, and safety. 

 

1. INTRODUCTION 

Over the years, humans used their force to open the gates; these types of gates are known as manually 

controlled gates. One point of a gate of entry is on a space enclosed by walls or an opening in a fence. Gates may 

prevent or control entry or exit or be merely decorative [1]. In recent years, the wave of themes of intelligent cities 

and smart homes has constantly impacted the traditional access control system. Password lock and magnetic card 

have some advantages because it is effortless for damage and leak. The cost of biometrics is high and requires high 

requirements for using the environments [2]. Several security measures have been employed to combat the menace 

of insecurity of lives and property [3]. So, a daunting challenge in modern security is controlling access to a facility 

while upholding the level of protection required. The traditional solution is a security gate built in the center of a 

perimeter fence or other structures. Sliding gates are commonly used in many areas like schools and residential and 

industrial areas. Because it is the best way to have a gate that opens inwards or outwards, sliding gates either run 
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on a trackless cantilever system or tracks [4]. Today many gates used automation systems. Those gates come with 

many unique features. The need for automatic gates has been on the increase in recent times [5]. Their theory is 

simple; when a button is pressed or weight acting, a signal is sent directly to the primary circuit, allowing current 

to pass through to the gate's motor, causing the motor to run, and the gate opens up. When the gate is fully opened, 

the motor stops operating and waits till its next instruction is sent. When the close button is pressed, the motor 

starts operating again, but in the opposite direction to the gate's opening, causing the gate to close [6]. Here the 

automatic gate described the entrances parking lots of residential homes, organizations, and public car parks using 

Radio Frequency Identification (RFID) technology as access control systems to allow only the entry of 

authenticated and authorized personnel [7]. It works on the principle of inductive coupling. Inductive coupling is 

the transfer of energy from one circuit to another through a shared magnetic field which is produced due to mutual 

inductance between two circuits [8]. It makes use of electromagnetic waves to receive and read transmitted data. 

Automatic gates are used to control access into a secured area or vicinity. Most commonly, automatic gates are used 

in their system to control vehicular access on and off the site. This paper proposes a design with an electrical energy 

source to design a semi-automated gate to ensure students' punctuality. The loads applied to the Gate system, 

especially moving parts, will be discussed and analyzed. These loads must be clear enough to reduce gate risks like 

malfunction, security, and safety. 

 

2. OBJECTIVES 

The main objective of this paper is to design;  

1) The control mechanism.  

2) Design of commanding circuit hardware to open/close gates automatically.  

3) Design of the gate with electrical energy.  

4) Easy maintenance and high operating efficiency. 

 

3. METHODOLOGY 

The main objective of this paper is to design mechanical and electrical aspects to achieve the automation of the 

sliding gate. As shown in Figures 1 and 2, a proposed method uses a rack and pinion mechanism to slide the gate in 

forward and reverse directions. Figure 3 and Table 1 show the pin, nuts, and bearing used to connect those 

materials. Another method used was to visit some of the schools in our country to collect all the necessary 

information and to find out what it takes to ensure the consistent punctuality of students in secondary schools, 

particularly in our campus Rwanda Polytechnic, Integrated Polytechnic Regional Centre Kigali (RP IPRC-Kigali). 

Mechanical engineering workshops like welding, electrical, and machine tools have been used to collect many 

materials and tools used for designing and implementing our project. 

 

4. A DETAILED DESCRIPTION OF THE DESIGN 

4.1. The Frames and Gate in Steel Metal; Tubes Sheet Metals of Different Dimensions 

 

 
Figure 1. The frames and gate. 
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(i) Power transmission mechanism, pin, nuts, and electric motor of sufficient energy compared to the gate 

dimensions. 

(ii) Gearbox 

 

 
Figure 2. Rack gear and spur gear. 

 

(iii) Pin and nut 

 

 
Figure 3. Pin. 

 
 

(iv) Motor  

C15 - Direct Current (DC) Permanent Magnet Gearmotor. 

6 - 24 Volt DC. 

Torque up to 10 in-lb. 

Construction Features Permanent magnet motor. 

Die-cast zinc gearbox. 

Powdered metal and steel spur gears. 

Bronze sleeve bearings (Reversible). 

 

4.2. Electrical Command Board  

Electrical contractors are electro-mechanical devices inside the crane's control panel that " open" and " close" 

when the pendant/ remote control buttons are pushed; when an electrical contractor is closed, the circuit is 

completed, and the drive motor is turned on. The electrical switch buttons are electrical switches that give electrical 

impulses to the electrical devices they command in the circuits; they are used depending on the class function or 

purpose function; apply voltage and current. 
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Electrical contractors are electro-mechanical devices inside the crane's control panel that "open" and " close" 

when the pendant/ remote control buttons are pushed; when an electrical contractor is closed, the circuit is 

completed, and the drive motor is turned on. 

The electrical switch buttons are electrical switches that give electrical impulses to the electrical devices they 

command in the circuits; there are several types, and they are used depending on the class function or purpose 

function; they apply voltage and current. 

The electrical wire used in this project is copper wires used to conduct the electrical current in the electrical 

devices, motor, and contactors, depending on the working stages. All wires have some size because the command 

circuit and power circuit are for low-power motors to run. The timer switch (main switch) is used to switch on and 

off the electric power of the semi-automatic gate circuit in a specified interval of time. S1 and S1 are the push 

buttons located under the ground at the front of the gate; those push buttons are actuated when only someone steps 

up on them. S2 and S0 are the push buttons that are actuated by the gate itself during the sliding motions; during 

the opening, the gate bearings push the push button S2 then the contactor KM2 is excited to start the closing 

motion. During the sliding motion of closing the gate bearings, push the push button S0 then the gate stops, the 

current in the motor is cut to keep the system out of power when the gate is not functioning. Figure 4 and Figure 5 

illustrate an open command circuit board and their drawing circuit.  

Symbol 

F1: Fuse. 

F2: Overload relay. 

S0: A couple of push buttons to stop the whole system. 

S1&S2: Floor switch to start the opening of a gate. 

S3: To switch the return of the gate. 

KM1: Contactor for opening operation. 

KM2: Contactor to hold the return action of the gate. 

KM3: Contactor of closing operation. 

SolidWorks uses the parametric design principle and generates three interconnected parts, assembly, drawing, 

and System Management Controller (SMCe) tools used to draw commanding circuits. 

 

 
Figure 4. Commanding circuit. 
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Figure 5. A large figure in one column. 

 

4.3. Bearings Specifications  

Table 1 show the specification of bearing using on this prototype. Applied load are well calculated to prove that 

the design is safe. 

 

Table 1. Bearing specifications. 

Dynamic load capacity 
7650 Newtons 

Overall width 
11 millimeters 

Part number 
kit8332 

Item weight 
    0.1 pounds 

Outside diameter 
35 millimeters 

Brand name 
Ball bearings (VXB) 

Inside diameter 
     15 millimeters 

Static load capacity 
     3700 Newtons 

 

5. SEMI-AUTOMATIC GATE CONSTRUCTION  

5.1. The Main Operation of the Gate               

The design of a Semi-automated gate consists of two parts electrical design and Mechanical design. Figure 6 

represents the complete Block diagram of the Semi-automated gate. It mainly consists of five modules, Power 

source, mechanical load, Induction Motor, and commanding circuit.  

As shown in Figures 7 and 8, the mechanical load consists of a Gate and gearbox, which works on the basic 

principle of the Rack and pinion mechanism. When we press the open button, a signal is sent to the main circuitry 

board, which then allows the current to pass through to the gate motor, causing the motor to run and open. Once 

the gate is fully open (depending on where the resistant beam is located), the motor stops running, causing the gate 

to stop moving.  

Moreover, when the bearing steps on the close button are pressed, the same thing happens, but the motor runs 

in the opposite direction, causing the gate to close. 
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Figure 6. The block diagram of the gate. 

 

Material assembly is based on standard steel because the whole mechanical system is made of steel. The 

methods of joining the steel metal links and components are: Welding is essential because the material for assembly 

is the tubes and metal steel sheets. The outcome is that the metals linked with this disassembly method are not 

quickly required to cut the joint between them, which is more complex than the assembly metals themselves. 

Welding Methods like tee joint, Lap joint, and Edge joint will be used. 

 

 
Figure 7. Complete gate. 

Note:  Flame in grey, gate in green, rack gear in red, and location of a motor with command board are in black. 

 

The assembly of gears and motor view, and show how the design of connection of motor and gears, also shows 

how gears have meshed each other (gear 1, gear 2, gear 3, and rack gear).  
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Figure 8. Design of connection of motor and gears. 

 

Figures 9 and 10 illustrates a complete gate before and after painting. consists of a Gate and gearbox, which 

works on the basic principle of the Rack and pinion mechanism.  

 

 
Figure 9. Complete gate. 

 

 
Figure 10. Complete gate after painting. 

 

5.2. Design Calculation 

5.2.1. Velocity Calculation on Gears 

For safety, the velocity of opening or closing a gate must be at least slow to avoid fast movement. The gate has 

to open or close in less than two seconds duration. Therefore, we have to design a gearbox to ensure and respect the 
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duration of opening and closing a Gate. The angular rotation of the available motor at the IPRC electrical 

workshop has around 3,000 turns/min, which gives an angular velocity of 314 rad/sec [9]. 

Therefore, the angular velocity ω_1 of the motor is given by Equation 1: 

𝜔1 =  
3,000

60
x2π = 314𝑟𝑎𝑑/𝑠𝑒𝑐                                                     (1) 

• The sliding gate we used in prototype fabrication has 0.70 m long, a diameter of gear 1 has 20mm, and an 

angular velocity of 314rad/sec. 

Radius 𝑟1 of the gear 1 is given by: 
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑔𝑒𝑎𝑟 1

2
=

20𝑚𝑚

2
= 0.010𝑚 

The Equation 2 presents linear velocity V1 of gear 1.  

𝑉1 =  𝜔1 ×  𝑟1 = 314
rad

sec
x 0.010 m =  3.14m/sec                      (2) 

• Gear 2 has 180mm of diameter and its angular velocity will be: 

𝜔1 =
𝑉1

𝑟2
=

3,14

0.09
 = 34.8 rad/sec 

• Gear 3 has 20mm of diameter and an angular velocity of 34.8 rad/sec 

Its linear velocity will be V3 = 34.8 rad/sec x 0.01 m = 0.348 m/sec. 

Gear 3 is mounted directly to the rack gear so that the linear velocity of gear 3 will be the same as the linear 

velocity of rack gear which is 0.348 m/sec then the sliding gate of 0.70m will open or close in 2.01sec. 

 

5.2.2. Permissible Tangent Tooth Load Calculation [WT] 

In general, the motor we used which is available in IPRC electrical workshop has an active horsepower of 

0.5hp=0.373kW. 

The torque on the motor shaft T1 is given by Equation 3: 

 

T1 = 
𝑚𝑜𝑡𝑜𝑟 𝑝𝑜𝑤𝑒𝑟

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑡𝑦 𝜔1
=

 0.373 𝑘𝑤

314𝑟𝑎𝑑/𝑠𝑒𝑐
= 1.187 Nm                  (3) 

However, the permissible tangent tooth load WT between gear 1 and gear 2 is given by Equation 4; 

𝑊𝑇 =
𝑇𝑜𝑟𝑞𝑢𝑒 𝑜𝑛 𝑡ℎ𝑒  𝑚𝑜𝑡𝑜𝑟 𝑠ℎ𝑎𝑓𝑡

𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑔𝑒𝑎𝑟 1
=

1.187𝑁𝑚

0.01𝑚𝑚
= 118.7𝑁                 (4) 

The torque on shaft 2 is given by Equation 5; 

𝑇12  =  
𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑔𝑒𝑎𝑟 2

𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑡𝑎𝑛𝑔𝑒𝑛𝑡 𝑡𝑜𝑜𝑡ℎ 𝑙𝑜𝑎𝑑 𝑊𝑇
=0.09 m x 118.7 N = 10.683 Nm     (5) 

T2 = This is the torque on the shaft 2 mounted gear 2 and gear 3. 

The WT between gear 3 and rack gear is equal to torque on shaft 2/radius of gear 3. 

WT3R = 10.683 Nm/ 0.01 m= 1068.3 N 

However, we check if the longitudinal load of the gate on rack gear while sliding is less than the load motor 

transmitted up to shaft 3. Longitudinal gate load is lesser than 1068.3 N. 

 

5.2.3. Calculation of Gear Safety 

From Río-Correa, et al. [10] Lewis equation, we have to check if 𝛿0 (allowable static stress) of steel is safe. 

The values obtained by replacing WT of every gear in the Lewis equation, all results must be lesser than the 

allowable static stress of steel which is equal to 140 N/mm2.  

WT  =  δ0 . Cv . b . Pc . y                                  (6) 

Where; 
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 Y is the Lewis form factor or tooth form factor. 

 𝑊𝑇   Is the tangential load acting at the tooth is called beam strength of the tooth. 

 B is the tooth width.  

𝑃𝑐  Is the pitch circle. 

 𝐶𝑉 Is the velocity factor. 

 

• Steel Properties 

• Allowable static cast steel is 140 N/mm2. 

• Minimum tensile is 500 N/mm2. 

• Brinell hardness number (B.H.N) is 143 min. 

• Deformation factor c on involute tooth form 200 full depth. 

• Flexural endurance limit σe is around 252 N/mm2. 

Surface endurance limit σes is around 350 N/mm2 

• Gear Parameters  

• Lewis form factor y = 0.154 – 
0.912 

𝑇
   where T is the teeth number. 

• Velocity factor 𝐶𝑣 = 
3

3+𝑉
   at velocity less than 12 m/sec. 

• Width b is 20mm. 

• Module m is 1.33 mm. 

• Young’s modulus of steel. 

• Considering the gear 1 we have; 

Diameter of gear 1 D1= 20 mm 

Gear teeth 𝑇1 = 16 teeth 

Equation 7 presents Lewis equation σ0 = 
WT

Cv.b.m.π.y
                                                           (7) 

We know that the permissible tangent load 𝑊𝑇1 = 118.7 N 

Since; 

Width b = 20 mm = 0.02 m 

Linear velocity 𝑉1 = 3.14 m/sec 

Module m = 1.25 mm 

The velocity factor 𝐶𝑣 =  
14.33

3

+

= 0.488 

The Lewis factor y = 0.154 – 
16

91.0  = 0.097 

And the allowable static stress σ0 =.
097.014.325.102.0896.0

3.118



 = 0.03 N/mm2 

If we compare the results obtained from the static stress with the allowable static stress on gear 1, we can see 

that the gear is safe. 

i.e. (0.03 N/mm2 < 140N/mm2 )  

• Considering the Gear 2 we have; 

Diameter 𝐷2 of gear 2 = 180 mm 

Gear teeth 𝑇2 = 
mm

mm

25.1

180   = 144 teeth 

The width b of the gear = 20 mm 
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Because gear 2 is meshed with gear 1; they must have the same allowable static stress 𝑊𝑇  and velocity factor 

𝐶𝑣 which are 118.7 N and 0.488 respectively. 

Therefore, the Lewis factor y = 0.154 – 
144

912.0 = 0.147 

The allowable static stress σ0 =
147.014.325..102.0488.0

8.11



 = 0.208 N/mm2 

If we compare the results obtained of the static stress with the allowable static stress on gear 2, we can see that 

the gear is safe. 

i.e. (0.208 N/mm2 < 140 N/mm2 

• Considering the Gear 3 

Since gear 3 is on the same shaft with gear 2 this means that they both have the same torque. 

Therefore; 

Diameter  𝐷3  of gear 3 is 20 mm 

Number of teeth is 16 

The permissible tangent load 𝑊𝑇3𝑅 is 1068.3 N 

The Lewis factor y is same as that one of gear 1= 0.097 

Cv =  
48.03

3
+

= 0.896 

σ0=  
097.014.325.102.0896.0

3.1068



= 0.156 N/mm2 

If we compare the result obtain of the static stress with the allowable static stress on gear 3, we can see that the 

gear is safe. 0.156 N/mm2 is lesser than 140 N/mm2. 

 

6. CONCLUSION 

The semi-automatic prototype gate system was designed and implemented at IPRC Kigali. The motor was able 

to move the gate from one end to the other smoothly with the push of a button.  

In other words, we found more good than bad in this system because it is safer and more secure compared to 

manual gates used in secondary schools and it can keep the people who live in the compound safe. 
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