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UNIAXIAL SHAKING MACHINE OF GROUND 
MOTION SIMULATION 

Mohammad Ibrahim1 ; Sumit Tarachandani2 ; Narayan Jangid3   

Abstract— In the race of growing vertically, we are moving towards tall buildings. Such a tall structure needs a deep understanding of the 
structural behaviour under dynamic forces. A uniaxial shaking machine simulates the earth surface during earthquake creating identical 
vibrations by using time history function as the input. This machine comprises of a flat surface which will be used as a fix base of structural 
model made up of light structural members. This machine will give us the acceleration v/s time graph and relative drift as output which can 
further be used to understand the behaviour of different structural models with different damping system or bracing arrangements by 
comparing their output curves with the common input time history function.  

Index Terms— Accelerometer, Arduino, Earthquake, shaking machine, stepper motor, Sympsons 1/3rd rule, Time-history function. 

——————————      —————————— 
 
1   INTRODUCTION  

requency is the inherent property of a any system i.e. 
every building or structure has its own frequency 
commonly named as natural frequency which depend 

on its mass and stiffness, when a ground moves in the 
frequency which is similar to the natural frequency of above 
structure it will undergo maximum oscillation. Generally, a 
tall building will respond to low-frequency oscillation and 
short building respond to high frequency oscillation, a 
medium-height building responds to medium-frequency 
oscillation and it may happen than in this range of frequency 
tall and short building might not be affected. That’s why it is 
important to study the ground motion or in other words we 
say seismic waves produce during earthquake.  

For better understanding of the behaviour of our structure we 
need a device which simulate the actual motion of the earth 
during earthquake by which we can check stability of 
building models, stability of components of building like 
beam column. Assessment of dynamic and seismic behaviour 
of structures. 

 

2  MAIN COPONENTS 
2.1 Stepper Motor 
Stepper motor is a DC motor that move in discrete steps, it is 
a synchronous brushless motor where a full rotation is 
divided into a number of steps usually 200 steps in a full 
rotation i.e. 1.8o per step. There are multiple coils, that are 
organised in group called “phases”. By energizing each 
phase in sequence, the motor will rotate one step at a time. A 
stepper motor is used in devices that need precise 
positioning and speed control. Because it moves in precise 
repeatable steps, the stepper motor is used in devices like 3D  
 
 

printers, camera platforms, plotters, scanners, etc. stepper 
motor will give maximum speed at minimum torque and as 
torque increase the speed of stepper motor decreases. 
 
  

 
 

Fig1: Nima 23 Stepper Motor 
 
2.2 Ball Screw and Bearing 
Ball screw is a device which convert the rotational motion 
into linear motion, it consist of two parts screw and a nut, 
each with matching helical grooves, and balls which roll 
between these grooves providing the only contact between 
the nut and the screw. The screw is connected to rotating 
object and nut is connected to object which is to be move 
linearly, the gap between the helical grooves of screw and 
nut is filled with metal balls so the friction between them is 
minimised and higher efficiency (above 90%) is achieved.  
 

F 
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Fig2: External Ball Return System (Ball screw) 

 

2.3 Arduino, Driver, Adaptor 
Arduino-Uno is an open source microcontroller board based 
on the ATmega328P (datasheet). It has 14 digital 
input/output pins (of which 6 can be used as PWM outputs), 
6 analog inputs, a 16 MHz quartz crystal, a USB connection, 
a power jack, an ICSP header and a reset button. It simply 
connects to a computer with a USB cable or power it with a 
AC-to-DC adapter or battery to get started. 
 
Sensor  The MPU-6050 devices combine a 3-axis gyroscope 
and a 3-axis accelerometer on the same silicon die, together 
with an onboard Digital Motion Processor (DMP), which 
processes complex 6-axis MotionFusion algorithms. 
 
Driver  The TB6600 single axis driver is a micro-stepping 
driver. It is used for driving 4-phase hybrid stepper motors. 

 
Fig3: Driver TB6600 
 
2.3 Top Flat Surface 
A flat horizontal surface will act as a piece of land on which 
the building model is placed and it is provided with number 
of holes for proper fixing of the building model and this flat 
surface will also give support to the sensors and pay load. 
2.4 Bolts, Nuts, and Clips 

Various different types of bolts, nuts and clips are use to hold 
the bearing, motor and ball screw in their position such that 
the vibration cause by motor does not affect them.  
 
3 SPECIFICATIONS OF COMPONENTS USED  
 
• Nema 23 stepper motor 10 kg/cm torque, 1.8o (Deg.) per 

step. 
• AXIL Ro smps adaptor power supply (36volt, 2 amp). 
• Stepper driver TB6600 3.5amp (peak 4amp), input 

supply 9-40 VDC. 
• MPU 6050- (gyrometer + accelerometer) MEMS Motion 

Tracking. 
• Arduino UNO. 
• Voltage Regulator (Buck Convertor) DC-DC stepdown. 
• Ball screw- 1rotation = 10 mm.  
 
 
4 MECHANISM 
Depends on the required output (sinusoidal or random), 
input is selected for a given model, for example we need a 
random shaking as it happens in a reality, we are using time 
history function as a input, time history function is the 
recorded data of the previously happened earthquake in the 
form of series of values of the acceleration after small time 
interval (0.02 sec or 0.01 sec). The below graph is the time 
history curve of a small earthquake of about 5 second, X-axis 
represents the time and Y-axis represents the magnitude of 
the acceleration in centimetre per second square. 

 
 
 
 
 
 
 
 
 
 
Fig4: Time history function 
 

       Now we have to convert these digital numerical values 
into mechanical output and for that we convert these series 
of values of acceleration into velocity and then into 
displacement by integrating all values using Simpsons 1/3 
rule. As stepper motor works on steps (200 step in 360o  
rotation) and velocity which means how much step it 
should run and by which velocity, so we need to change our 
input data(displacement) into steps. We know the 
specification of our ball screw is that its nut move 1 
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∫ 𝑓𝑓(𝑥𝑥)ⅆ𝑥𝑥(𝑎𝑎+2ℎ)
𝑎𝑎 = ℎ

3
 [𝑓𝑓(𝑎𝑎) + 4𝑓𝑓(𝑎𝑎 + ℎ) + 𝑓𝑓(𝑎𝑎 + 2ℎ)] 

centimetre when we rotate the screw by 360o, now by using 
this relationship that 3600 rotation or 200 steps will give us 1 
cm or 10 mm displacement, we can find how much step our 
stepper motor needs to run in 0.02 time interval. As we have 

a series of values of displacement in 0.02 second of time 
interval, we are putting these values into Arduino code 
which will run our stepper motor.  

 
 
Simpsons 1/3rd Rule  

 

 
 

Fig5: Screenshot of Excel File  
 
 
For taking output values of acceleration by which our top 
surface is moving, we are using accelerometer sensor which 
will be placed on top surface connected to the Arduino and 
give us the values after every 0.02 second of time interval and 
we will again make the graph of these values and can 
compare the input and output curve.  
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5 CONCLUTION 
Shaking machine is the device which can be use for 
comparing the different structural model. Here we had used 
the stepper motor and ball screw for simulate the motion of 
the earth during the earthquake, if we compare both the 
time history curve and output curve which we generated 
through our mechanism, the shaking machine is doing good 
for low values of acceleration but can’t produce very high 
acceleration as the maximum velocity of our stepper motor 
is limited. For producing the exact shaking or to achieve the 
exact time history curve we need to use high torque stepper 
motor with better gere assembly which will reduce the loss 
of micro steps while operating the machine, still for random 
shaking this kind of shaking machine can be use.

 
 
 

Fig6: Testing Model 
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Fig7: Comparison between input time history function and output 
accelerometer value 
Blue colour- input 
Orange colour- output  
 
Reference: 
 
P. Kulkarni1, M. K. Sawant2, M. S. Shindepatil3 in 2017 
developed (Experimental Study using Earthquake Shake 
Table) International Research Journal of Engineering 
and Technology (IRJET). 
 
C.V.R. Murthy1, Rupen Goswami2, A.R. Vijayanarayan3, 
Vipul V. Mehta4 in 2012 developed (Some Concepts in 
Earthquake Behaviour of Buildings) Gujarat State 
Disaster Management Authority. 
 
  
  

———————————————— 
• Mohammad Ibrahim is currently pursuing bachelor degree program in 

Building and Construction Technology in Jai Narain Vyas University, 
Country, PH-+91 8560980335. E-mail: m.ibrahim0805@gmail.com 

• Sumit Tarachandani is currently pursuing bachelor degree program in 
Building and Construction Technology in Jai Narain Vyas University, 
Country, PH-+91 7727804476. E-mail: sumittara22@gmail.com  

• Narayan Jangid is currently pursuing bachelor degree program in 
Electronic and Electrical Engineering in Jai Narain Vyas University, 
Country, PH-+91 8875461792. E-mail: narayanj12363@gmail.com  
(This information is optional; change it according to your need.) 

IJSER

http://www.ijser.org/
mailto:m.ibrahim0805@gmail.com
mailto:sumittara22@gmail.com
mailto:narayanj12363@gmail.com



