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Abstract 

 

This paper describes the design of a new pneumatically load applied machine that has been specifically design for studying the 

dynamic mechanical behavior of COT (wooden bed). Such type of equipment has been used to generate simple and measurable 

fracture processes under moderate to fast loading rates which produce complicated crack patterns that are difficult to analyze. We 

are developing the machine as a facility to provide experimental data to validate numerical data of impact load on COT that 

observe kinetic energy during collision. The machine consists of two main parts, the mechanical structure and the data 

acquisition system. The development process included the design, development, fabrication, and function tests of the machine. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The starting point for the determination of many engineering timber properties is the standard short duration test where failure is 

expected within a few minutes. During the last decades much attention is given to study the behavior of timber and timber joints 

with respect to damaging effect of sustained loads, the so-called duration of load effect. In the design process of wooden 

structures is like a cot. To increase human safety, some parts of automotive structure made by wood are designed to absorb 

kinetic energy during collision. These components are usually in the form of columns which will undergo progressive plastic 

deformation during collision. The impact force, i.e. the force needed to deform the cot, determines the deceleration of the load 

during collision and indicates the capability of the cot to absorb kinetic energy. The value of impact force is determined by the 

geometry and the material of the cot. For this purpose advance impact testing machine is required for checking the adult sleeping 

cot. Impacts are made on different desired positions (depending on the size of the cot and location specified by quality engineers) 

with specified load. This assures the cot is safe and is ready for the customer use. The test also provides assurance of mechanical 

safety and prevents from serious injury through normal functional use as well as misuse that might reasonably expected to occur. 

For this purpose, in this project this impact testing machine for testing adult sleeping cot is fabricate. Developing the interface for 

controlling the machine is one of the most important parts of control system which includes the software analysis, design, and 

development and testing. Here we are going to develop a program for controlling the fabricated wireless impact testing for 

testing sleeping cot. 

II. CONCEPT 

A common type of structural analysis problem results from an impact load. The impact could be caused by a weight falling on 

the design object or possibly from the design object falling and striking a hard surface. In both cases, the loads are not obvious 

but can be easily derived from our knowledge of mechanics. We will start by looking at a weight dropped from a height onto our 

design object.   We know that the weight will deform the design object when it strikes it. The design object will behave like a 

spring being compressed. The kinetic energy of the falling weight will be transferred to the design object and stored as 

compression. 
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Fig. 2.1:  Modeling of Machine 

Figure 2.1 shows both a weight suspended on a spring and the same weight and spring after the weight has fall on the bed 

surface and stopped its downward motion. We will assume the weight is at rest before it starts to fall. All if its kinetic energy is 

derived from the fall. 

III. WORKING PRINCIPLE 

For interfacing the machine with computer, a USB communication system, and a software system is used. The coordinates of 

different desired impact positions are entered in the program. Initially the impactor remains to the zero location. As the program 

start, impactor moves over the bed toward the predefined location entered in the program.Theimpactor starts moving, once the 

impactor assembly with pneumatic cylinder reaches to the defined location, the impector assembly stops moving and 

microcontroller operated pneumatic cylinder starts reciprocating as a result of which impactor assemblies starts hitting the 

worktop of the bed. Once total number of hits(displayed on digital LCD counter) gets completed, the microcontroller stops the 

pneumatic cylinder from reciprocating and the machine will move to another predefined position and the same procedure repeats. 

Thus the machine moves to all the locations entered in the program and the impact test is performed at those locations. 

 
Fig. 3.2: Complete Set- Up of Machine 

The different electronic components which help to make this machine automatic are explained as follows: 
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 ATMega16 Microcontroller:- 

  
Fig. 3.3: At Mega 16 Microcontroller 

The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC architecture. By executing 

powerful instructions in a single clock cycle, the ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the 

system designed to optimize power consumption versus processing speed. 

The AVR core combines a rich instruction set with 16 general purpose working registers. All the 16 registers are directly 

connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be accessed in one single instruction 

executed in one clock cycle. The resulting architecture is more code efficient while achieving throughputs up to ten times faster 

than conventional CISC microcontrollers. 

 
Fig. 3.4: Pin 

VCC: Digital supply voltage. (+5V) 

GND: Ground. (0 V) Note there are 2 ground Pins. 

 Port A (PA7 - PA0) 

Port A serves as the analog inputs to the A/D Converter. Port A also serves as an 8-bit bi-directional I/O port, if the A/D 

Converter is not used. When pins PA0 to PA7 are used as inputs and are externally pulled low, they will source current if the 

internal pull-up resistors are activated. The Port A pins are tri-stated when a reset condition becomes active, even if the clock is 

not running. 

 Port B (PB7 - PB0) 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). Port B also serves the functions of 

various special features of the ATmega16 as listed on page 58 of datasheet. 
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 Port C (PC7 - PC0) 

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). Port C also serves the functions of 

the JTAG interface and other special features of the ATmega16 as listed on page 61 of datasheet. If the JTAG interface is 

enabled, the pull-up resistors on pins PC5 (TDI), PC3 (TMS) and PC2 (TCK) will be activated even if a reset occurs. 

 Port D (PD7 - PD0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). Port D also serves the functions of 

various special features of the ATmega16 as listed on page 63 of datasheet. 

 RESET: 

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a reset, even if the clock is not 

running. 

 XTAL1: 

External oscillator pin 1 

 XTAL2: 

External oscillator pin 2 

 AVCC: 

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally connected to VCC, even if the ADC is 

not used. If the ADC is used, it should be connected to VCC through a low-pass filter. 

 AREF: 

AREF is the analog reference pin for the A/D Converter. 

 Features:- 

 Advanced RISC Architecture 

 Up to 16 MIPS Throughput at 16 MHz 

 16K Bytes of In-System Self-Programmable Flash 

 512 Bytes EEPROM 

 1K Byte Internal SRAM 

 32 Programmable I/O Lines 

 In-System Programming by On-chip Boot Program 

 8-channel, 10-bit ADC 

 Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes 

 One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture 

 Four PWM Channels 

 Programmable Serial USART 

 Master/Slave SPI Serial Interface 

 Byte-oriented Two-wire Serial Interface 

 Programmable Watchdog Timer with Separate On-chip Oscillator 

 External and Internal Interrupt Sources 

 16x2 LCD display:- 

 
Fig. 3.5: LCD Display 
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LCD (Liquid Crystal Display) screen is an electronic display module and find a wide range of applications. A 16x2 LCD display 

is very basic module and is very commonly used in various devices and circuits. These modules are preferred over seven 

segments and other multi segment LEDs. The reasons being: LCDs are economical; easily programmable; have no limitation of 

displaying special & even custom characters (unlike in seven segments), animations and so on. 

A 16x2 LCD means it can display 16 characters per line and there are 2 such lines. In this LCD each character is displayed in 

5x7 pixel matrix. This LCD has two registers, namely, Command and Data. 

 7805 voltage regulator:- 

 
Fig. 3.6: Voltage Regulator 

7805 is a voltage regulator integrated circuit. It is a member of 78xx series of fixed linear voltage regulator ICs. The voltage 

source in a circuit may have fluctuations and would not give the fixed voltage output. The voltage regulator IC maintains the 

output voltage at a constant value. The xx in 78xx indicates the fixed output voltage it is designed to provide. 7805 provides +5V 

regulated power supply. Capacitors of suitable values can be connected at input and output pins depending upon the respective 

voltage levels. 

 Pin Description 
Table - 3.1 

Pin No Function Name 

1 Input voltage (5V-18V) Input 

2 Ground (0V) Ground 

3 Regulated output; 5V (4.8V-5.2V) Output 

 Features:- 

 Output Current up to 1A                                                           

 Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V     

 Thermal Overload Protection                                                  

 Short Circuit Protection 

 Output Transistor Safe Operating Area Protection 

IV. RESULT AND DISCUSSION 

 Analytical Calculation 
Table - 4.1 

SR.NO. 
CYLINDER PRESSURE 

(bar) 

FORCE 

(N) 

WEIGHT 

(kg) 

KINETIC ENERGY 

(J) 

DEFLECTION 

(mm) 

STRESS 

N/m² 

1 1 45.23 4.61 4.52 0.44 144.61 

2 2 90.47 9.22 9.04 0.89 289.85 

3 3 127.53 13 12.75 1.2 408.68 

4 4 180.95 18.44 18.09 1.79 579.70 

5 5 226.19 23.05 22.61 2.23 724.62 

6 6 271.43 27.14 27.14 2.68 869.55 

7 7 313 31.3 31.3 3.1 1005.98 
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 Experimental testing comparison with analytical calculation 
Table - 4.2 

SR. NO. 
CYLINDER PRESSURE 

(bar) 

EXPERIMENTAL DEFLECTION 

(mm) 

ANALYTICAL DEFLECTION 

(mm) 

1 1 No Deflection 0.44 

2 2 No Deflection 0.89 

3 3 0.5 1.2 

4 4 1 1.79 

5 5 2 2.23 

6 6 3 2.68 

7 7 3.5 3.1 

Table 4.1 gives the details of impact load testing analytically. Increase in cylinder pressure, increase deflection and stresses 

linearly. Table 4.1 shows at maximum cylinder pressure of 7 bar deflection are found 3.1 mm. Hence, this model is capable for 

performing impact load test whose deflection for maximum permissible limit is less than 3.1 mm. 

Table 4.2 shows variation in experimental values and analytical values of deflection. Fig 8.2 shows that change in deflection 

with respect to change in pressure is linear between limit 4 bar to 6 bar and deflection limit is 1 mm to 3 mm. Fig 4.2 shows at 

5.4 bar analytical deflection is equal to actual deflection. Before this point experimental deflection are less than analytical 

deflection and above that point experimental deflection are more than analytical deflection. 

Hence, this model is useful for impact testing on plywood material and checking the strength of material of cot and measure 

the deflection. 

V. CONCLUSION 

From the above study, it is observed that by arranging different mechanical components along with electronic components 

machine can be made automatic one to test the cot for checking the strength of material of cot. Thus human efforts can be 

reduced as well as time also, because programming is installed in system, with the help of programmed impactor assembly 

moves over the cot in coordinate system to reduce the human fatigue. As above results showshigh accuracy for testing of cots.  

Also the  design procedure is been adopted for the fabrication of impact load testing  machine which will make the product 

durable for long time as well as make it efficient also helps to understand the concept of design and gaining the knowledge of 

fabrication. The model so constructed is robust enough and durable. Thus the objectives such as testing of cots and reducing the 

human efforts for testing the strength of bed are achieved. Hence fabrication of impact testing machine is done. 
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