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ABSTRACT—The purpose of HAVSafe is to combat Hand- Arm 

Vibration Syndrome (HAVS); a disorder that results from prolonged 

exposure to vibration, specifically to the hands and forearms while 

using vibrating tools. Symptoms range from tingling, numbness, 

pain, blanching in the fingers, weakened grip due to nerve and blood 

vessel damage and in severe cases gangrene can occur. About 2 

million U.S. workers are exposed to hand-arm vibration, and as 

many as half will develop HAVS [1]. It can take as little as six months 

to six years to develop and, after the fingers blanch, the condition is 

irreversible making prevention crucial. HAVSafe is a compact device 

that is fastened to the handle of a power tool, close to the operator’s 

hand, measuring vibration exposure and notifying the user when 

unsafe levels have been reached. 
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I. INTRODUCTION 

Hand-Arm Vibration Syndrome has a high prevalence among 
workers who are in industries that heavily rely on power tools such 
as metal-working trades, automobile assembly, foundry work, 
forestry, mining, and construction [2]. The effects these workers 
feel is a combination of the frequency of the vibration (lower 
frequencies are more harmful than higher) the climate in which 
work is done (colder temperatures are more detrimental to warmer 
ones as the cold reduces blood circulation) and the amount of time 
spent using the tools. A popular preventative measure includes the 
use of anti-vibration gloves, which, the user will receive little 
benefit from for frequencies under 25 hertz [1]. They are mostly 
effective in holding a tool in place, keeping the hands warm and 
protecting against cuts and abrasions. HAVSafe is a more reliable 
alternative as an accelerometer is used to measure the vibration 
intake in all three orthogonal directions. A microcontroller is 
imbedded to take data from the accelerometer and displays the 
output through a light emitting diode. The diagram below shows 
the flow of internal components.  

 

   
                    Figure 1. Process in Collecting Data 
 

Most standalone microcontrollers only come built with enough 
memory for a few small programs to be executed.  In order to store 
the amount of data that would be gathered in over eight hours, a 
much larger data storage medium would be required. HAVSafe 
stores the data into a microSD card. The information collected can 
also be manually transferred to a computer via microSD card for 
further data analysis and logging. 
 

II. EXPOSURE  

The greater the exposure level, the greater the risk and the 

more action employers will need to take to reduce risk. For 

hand- arm vibration the exposure limit value (ELV) on any 

single day is 5 m/s^2, the exposure action value (EVA) being 2 

m/s^2 over an eight hour period [3]. The image in Figure 2 

shows the conditions in which HAVSafe will display certain 

colors to the user. If the value calculated is below the EAV the 

device will continue to display green, if and when the value falls 

between the ELV and the EAV it will emit yellow to warn the 

user, and when above the ELV the light will flash red telling the 

user to stop immediatley. It is important to note that these values 

are raw acceleration while HAVSafe uses weighted acceleration 

values.  

  

Figure 2. Exposure Duration v. Vibration Magnitude 

III. OUTER CASING 

HAVSafe is rectangular in shape, the symmetry makes 

distributed loading on the device simple and does not interfere 

with the user. As the industrial workplace is a harsh environment, 

it is likely the tools along with the HAVSafe will be dropped and 

experience unkind natural elements. To protect the components 

inside the device the outer casing is made with 6061 aluminum 

alloy T-6 due for its durability, weather resistance and low 

thermal expansion rate. Externally the device is wireless, the user 

can eject the microSD card to examine the data collected, plug 

into a USB port, and press a switch to turn the device on and off.  

                
Figure 3. Casing 



IV. PRINTED CIRCUIT BOARD 

The printed circuit board embodies a 1.25 inch by 1.737-inch 
dimension and is 0.12 inches thick. An accelerometer that can 
withstand great force and with an appropriate bandwidth is placed 
in the middle of the board. To make the board as small and compact 
as possible, the microSD card was placed on the underside of the 
board. The battery lays behind the board and has a small connect 
making it easy to replace the battery by simply opening the case 
and unplugging the battery from the top of the board. A silicon 
damping material is placed inside and around the board to absorb 
shock to protect the components and most importantly the 
accelerometer. 

A. To achieve consistent and correct acceleration readings, 

Clock Timer Interrupt logic was used to sample the 

continuous vibration signals being receieved from the 

accelerometer at regularly spaced time intervals. Signal noise 

is disregarded, and the resultant acceleration is then used to 

evaluate if unsafe levels of vibration have been experienced. 

B. The System on Chip processor houses all the components of 

a computer on a single integrated circuit. The processor 

allows for the use of MbedOS, which includes a 

multithreading feature allowing HAVSafe to continuously 

read from the accelerometer in one loop and simultaneously 

process the data in a separate loop without sacrificing 

acceleration read speed with long data processing functions. 

C. The push button allows for the users to interact with the 

device in order to start, stop, pause as well as reset the 

device. On reset, data is saved to a log file on the microSD 

card, then the current vibration monitoring session data is 

cleared and a new session is started. 

D. Considering HAVSafe is to be used in high vibration 

enviroments, a hinged memory connector ensures a secure 

contact by locking down the card resticting any movement. 

E. Power comes for a small lithium ion battery that operates for 

up to 12 hours and lasts 5 years. 

         
      Figure 4. Code & Logic 

 

V. MOUNTING METHODS 

Power tools in the work environment experience large 
amounts of vibrations, making it difficult to mount things in a 
secure manner. HAVSafe uses a nylon strap attached to the back 
of the device to fasten onto nearly any type of power tool 
regardless of the material on the handle. As double protection to 
keep the device from moving, small neodymium magnets are 
found on both sides of the nylon strap. They work best on a clean, 
flat surface that is made of magnetic material i.e. iron or steel. 
The strap can be unfastened to easily move the device from one 
tool to another. For extra security the user can also purchase an 
industrial adhesive to apply on the back of the device. 

VI. SAFETY 

According to the OSHA Standard 1910.303, only electrical 

voltages of 50V or more is considered unsafe for human contact. 

HAVSafe would never exceed a voltage of 5V and is therefore 

considered intrinsically safe for contact with the skin. The 

materials that make up the entirety of the device are commonly 

found in daily life and in industrial environments and do not 

contain radioactive materials or any material known to be 

hazardous to biological life. 

Workers should also be informed of the risk of Hand-Arm 

Vibration Syndrome and how to protect themselves against it. 

Along with the use of HAVSafe, users should keep their hands 

warm, grip the tool lightly, keep the tool well-maintained, take 

breaks- a good rule of thumb is ten minutes per hour- and seek 

medical attention if symptoms appear. 

Other devices have broken codes in ethics by withholding data 

from their customers, with HAVSafe, the user can access the 

precise data immediately. This device follows ISO 5349 standards 

for compliance and protection to guarantee it is mounted correctly 

and does not interfere with the user [4]. 
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