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ABSTRACT 

Reducing Health and Safety Risks by 
Replacing Compressed Air with 

an Electromechanical 
System 

by 
Joseph Michael Schwed  

The continuous use of compressed air in many applications can often be 

expensive and very noisy. When compressed air is blowing freely from a nozzle, 

it can be used in a variety of processes. One of these is checking for the presence 

of a product inside a box. 

In the manufacturing field, a facility has been using compressed air as a 

quality assurance inspector, to make certain that products are shipped properly. 

As the products go by on a conveyor, two employees must insert them into a 

carton as it is transferred to another conveyor. If an employee does not insert the 

product into a carton, it will be closed and processed the same way as if it were 

full. The carton will then pass over a compressed air jet; if it is too light it will be 

blown out of the way, if not, it will continue down the conveyor for shipping. 

The purpose of this thesis is to analyze the problems associated with the 

current setup and to correct them by installing a quieter and more economical 

system. It will examine the amplitude of noise for compressed air, the costs 

involved, the safety and health risks for employees, and the pro's and con's of 

various experimental ideas that can mitigate these problems. 
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CHAPTER 1 

INTRODUCTION 

The manufacturing of any product to be sold on the market should include a 

production line which is free from health and safety risks to all employees, while 

keeping the cost of producing these products as low as possible. This thesis is 

based on an actual problem observed in a manufacturing facility. 

The use of compressed air was thought to be unavoidable when dealing with 

this type of environment. Compressed air is needed to operate all types of 

pneumatic equipment varying from tools to rebuild or changeover production lines, 

to the mechanical equipment needed to run these lines. Compressed air, when 

blown continuously out of a nozzle can be very costly. A breakdown of the cost is 

noted in a cost-benefit analysis done for the actual system involved here. 

There are various applications that are necessary to recommend the use of 

compressed air. It is used in some cases to dry products, move products into a 

precise location, or even to blow products off a conveyor. It will be shown that 

compressed air is very loud. Recorded Sound Pressure Levels (SPL) vary with the 

number of pounds per square inch (psi) exiting the nozzle. In almost all situations 

the SPL is above 85 dBA which may create a problem with the standard published 

by the Occupational Safety and Health Administration (OSHA). OSHA has set a 

specific level at which hearing protection must be worn to avoid hearing loss. The 

investigation into this problem will cover the rule making OSHA has established 

for SPL in a working environment. 

There are a number of ways to solve this problem which will be identified 

and discussed later. Various experimental ideas have been formulated which will 

be explained, but cost considerations are paramount in choosing the best setup 
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possible. There are a number of constraining factors involved that would not 

allow these ideas to be implemented. The production line at present runs at a 

certain speed which could not be altered in any way. In addition, the length of the 

line could not be increased due to the limited availability of space and the 

relatively high cost of moving machinery. These experimental setups are reviewed 

on a case by case basis using a feasibility analysis relative to their implementation. 

The result of this investigation is a system fully capable of recognizing the 

presence of a product inside a carton. An electromechanical device is being 

developed which prevents defective products from ever being packaged for 

shipment. Health and safety risks to employees are significantly reduced if this 

system is utilized. Also a potential savings of 400% for the first year and 500% 

thereafter is envisioned. 



CHAPTER 2 

PRESENT TECHNOLOGY 

The production line that creates an end product ready for shipment is 

composed of fourteen employees who must collectively work together to ensure 

that acceptable levels of quality and quantity are simultaneously achieved. It is 

crucial for good business that these products be shipped with the entire contents 

enclosed in the package. The technology used in checking a package to determine 

if the contents have been inserted properly is primitive. It lacks sensitivity to the 

well being of the individuals who must work with and around the system on a 

daily basis; it must not disrupt production and it should not be too costly. 

The present system that was investigated directly involves three workers. In 

Figure 1, the positions of the operators can be identified as A, B, and C. Operators 

A and B are positioned in front of a conveyor which carries the product to them. 

These operators pick up the product from the conveyor and manually drop them 

into pre-opened cartons. Once these cartons pass the operators, they enter a carton 

machine which closes the boxes and sends them to operator C, the carton 

inspector. Operator C sits in a chair facing the conveyor where the cartons are 

being discharged from the carton machine. These discharged cartons fall on their 

sides on a conveyor and are led past the inspection operator's position to another 

machine which groups twelve cartons to be placed into a cardboard box. The 

inspection operator must make sure that all the cartons are facing a particular way 

on the conveyor and monitor them for damage, cleanliness, or sudden jam-ups. It 

is at this position that the compressed air is used to blow off any cartons from the 

conveyor into which operators A and B have neglected placing the products. 

3 
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Figure 1. Operator Positions - A, B, and C 

In Figure 2, the location of operator C is enlarged with respect to the 

compressed air jet. The operator's position is approximately twenty inches from 

where the compressed air is blowing constantly at 90 psi. This pressure level is 

necessary in order to completely remove the carton from the conveyor and allow 

the other full cartons to continue to the next station without disrupting production. 

There are two problems that must be discussed concerning the compressed air. 

The Occupational Safety and Health Administration has established the 

standard, 29 CFR 1910.95, Occupational Noise Exposure. This standard 

establishes the need for feasible administrative or engineering controls when sound 

levels exceed those shown in Table 1. If controls fail to reduce these sound levels, 

personal protective equipment must be provided and used to reduce them to less 

than 90 decibels as measured on the A-scale (slow response). If an employee's 
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eight-hour time-weighted average equals or exceeds 85 dBA, then they must be 

participate in the company's hearing conservation program. 

Figure 2. Position of Operator C with Respect to Compressed Air Jet 

A noise monitoring study was performed on the compressed air jet (area 

monitoring) and the employees (personal monitoring) working around that system. 

Figure 3, a diagram for the locations of the area sampling and personal sampling 

sites, may be used to review the situation. Seven area samples and three personal 

samples were recorded for this study. The sound pressure level at the compressed 

air jet (1) was measured at 96 dB, which is also the 8-hour TWA. Also, it should 

be noted that this jet blows constantly at 90 psi for sixteen hours a day, five days a 

week. At location two, which is approximately twenty inches from the point 

source, a level of 94 decibels was recorded. At locations three, four, and five, 

which were approximately two feet away, sound pressure levels were recorded at 

90 dB. Recorded measurements for locations six and seven, which were eight and 
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ten feet from the source, were 87 and 88 dB, respectively. The personal sampling 

study returned eight hour time weighted averages of 86.8, 87.2, and 90.1 dBA for 

operators A, B, and C, respectively. A summary of this study is found in Table 2. 

Figure 3. Locations for Area and Personal Sampling of Noise Measurements 

The values for the study reveal that the operators must be involved in a 

hearing conservation program since personal monitoring data recorded was above 

the OSHA established action limit of 85 dBA. In addition, because operator C 

exceeded 90 dBA over an eight hour period, engineering or administrative controls 

must be investigated in order to lower that exposure level. 

At present, administrative controls are being used but the exposure levels still 

exceed the maximum allowable dose as defined by OSHA. The next step that 

must be taken is to develop engineering controls to reduce the sound pressure 
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levels that are being emitted from the system. According to OSHA, if engineering 

controls and administrative controls are not feasible, proper personal protective 

equipment must be worn, in this case hearing protection devices. 

The second concern with the compressed air jet being used as a method to 

detect empty cartons is the constant disruption to production it can cause. At high 

pressures, the compressed air can move or rotate a full carton into a position which 

Table 1. Permissible Noise Exposures 

Duration per day, hours Sound level dBA slow response 

8 90 

6 92 

4 95 

3 97 

2 100 

1 1/2  102 

1 105 

.5 110 

1/4  or less 115 

Source: Occupational Safety and Health Administration, 1992 Code of Federal 

Regulations, Title 29 Occupational Safety and Health Act, 204-205. 

may cause a jam-up. When this happens, the machine has to be stopped and the 

problem corrected. It is possible for this disruption to effect the entire production 

line. Operators A and B must stockpile products on an adjacent bench if the jam-

up cannot be quickly resolved. 
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These two problems have prompted an investigation to do away with the use 

of compressed air as a detection system. The next chapter describes various ideas 

for replacing the present system. 

Table 2. Noise Monitoring Study 

Position Sample 

Time 

Average 

Decibel 

Level 

*Noise 

Dose 

Percent 

Maximum 

Allowable 

Dose 

Maximum 

Allowable 

Decibel Level 

1 480 96 230 - - 

2 480 94 175 - - 

3 480 89 87 - - 

4 480 89 87 - - 

5 480 89 87 - - 

6 480 87 66 - - 

7 480 86 58 - - 

A 480 86.8 65 100 90 

B 461 87.2 70 100 90 

C  477 90.1 102 100 90 

Table Notes : 
* 

A dose of 100% is equivalent to 8 hours of exposure at 90 dBA. 

Exposures were monitored using a Mark series MK-3 audio dosimeter. The audio dosimeters 

were worn for the entire workshift. The audio dosimeters were calibrated before and after the 

study. 



CHAPTER 3 

FUTURE TECHNOLOGY 

The best solution to the problems created by this compressed air system 

would be to remove the jet and still be able to detect an empty carton. A number 

of solutions are discussed in this chapter, but the most practical and feasible 

method must be selected. 

The system at present relies solely on compressed air. In a later discussion, 

the cost of compressed air will be calculated and a cost-benefit analysis presented. 

The analysis will compare the present system with the final system chosen. The 

solutions that were investigated could work, provided that the application and the 

necessary adjustments were capable of being performed. In some cases, the 

limited availability of space and feasibility would not allow the application to be 

implemented. All are still mentioned, however, in order to give the reader possible 

solutions to problems similar to the one being discussed here. 

The possible solutions have been limited to a brief overview of the idea and 

the type of equipment that would be needed to apply it in an actual situation. 

The first method that could be used to detect whether or not a product is 

present in a carton or box would be a conveyor with a built-in scale. The known 

weight of the full box would be necessary to enable the scale to send a signal to a 

gate device. If the carton was too light, a gate could open and force the carton off 

the conveyor and into a box for collection. The carton would not be damaged and 

could be reused when needed. A diagram of such a setup is shown in Figure 4. 

Two conveyors are needed, one operating at a faster speed so that when the gate 

opens, it could force the carton to be quickly moved aside so as not to disrupt the 

other cartons. 

9 
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Figure 4. Conveyor with Scale and Mechanical Gate Device 

The conveyor scale could also be connected to a solenoid switch that 

operates a pneumatic piston. When a carton or box passes over the conveyor and 

the scale detects that it is empty, a pulse is sent to the valve which would then 

operate a cylinder and push the carton aside into the box. A diagram of this setup 

is shown in Figure 5. 

This application represents a viable solution, but it is not feasible for the 

system currently being used. In order to use a conveyor with a scale, production 

would have to be drastically changed. The conveyor used to transport the cartons 

to the next stage would have to be moved approximately three feet to 

accommodate the new scale conveyor. This would cause the other machinery to 

also be moved, and the labor involved would neither be practical nor justifiable. 



11 

In addition, the setup with the gate introduces the need to purchase another 

conveyor which would escalate the cost of installation. 

Figure 5. Conveyor with Scale and Pneumatic Piston Device 

The next method that could be used to eliminate reliance on compressed air is 

the implementation of a metal detection device. In this case, the product that is 

placed into the carton has traces of metal inside it. A metal detector could be 

placed after the point where the carton machine closes the carton. If the metal 

detector does not identify the presence of an alloy as the carton passes by, it would 

then send a signal to a mechanical gate device that would open and push the carton 

aside into a recycling bin where it could later be reused. In a manner similar to the 

last application, a pneumatic piston device could be used to push the carton out of 

the way. These two setups are depicted in Figures 6 and 7. 
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Figure 6. Metal Detection Device with Mechanical Gate Device 

The high speed conveyor has been omitted in this application since there is 

no need to have one in place. This is true for the previous application as well, but 

one was inserted to consider a production line in which the carton could be 

damaged when dropped into a collection bin because of its fragility. Although the 

product in question is not specifically disclosed in this thesis, it can be said that no 

damage will occur to the carton when it is discarded. 

This latter method was not chosen since further investigation revealed that 

the metal detector would not be functional in several months since, the 

manufacturing of the product will no longer contain the metal alloys necessary for 

the detector to identify if a product was or was not present in the carton. If the 

product was not going to change in the future, this method could have been 

applied successfully. 
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Figure 7. Metal Detection Device with Pneumatic Piston Device 

The third solution that was investigated uses technology that is utilized in the 

final solution. The setup will be discussed in detail in the next chapter, including 

its individual components, present cost, and an explanation of exactly how the 

system operates. Although the third solution uses components used for the final 

solution, the discussion will give an overview of what key components are 

necessary for this system to operate. 

Photoelectric detectors can be used to identify, for example, if the caps on 

cans are crooked or set too high, if a bottle has enough product inside; or it can 

count the number of bottles during the manufacturing process by detecting infrared 

(heat) radiation with an ambient light receiver. There are many applications for 

photoelectric controls; one must decide which control can perform the task for the 

process most efficiently. A photoelectric sensor is a device which detects a visible 
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or invisible beam of light and responds to a change in the received light intensity. 

The first step to using a photoelectric sensor involves the determination of the best 

sensing mode for the application. There are a variety of sensing modes that will be 

discussed. These are the retroreflective, proximity (which has four variations), 

ultrasonic proximity, and opposed sensing modes. 

The retroreflective sensor, also known as the reflex or retro mode, contains 

both the emitter and receiver circuitry. It uses a reflector to return the emitted light 

directly back to the sensor. The retroreflective sensor is used in applications when 

sensing is only possible from one side. This sensor is used when large objects are 

being detected and where the environment is relatively clean. The scanning ranges 

extend from two to ten feet. 

The proximity mode detects an object that is directly in front of the sensor by 

its own transmitted light source. The emitter and receiver are located on the same 

side of the object in the same housing. In proximity sensing modes, an object, 

when present, actually establishes a beam through its reflective properties rather 

than interrupting the beam. There are several types of photoelectric proximity 

sensors which have different optical arrangements and sensing mode designations. 

These are the diffuser, divergent, convergent beam and background suppression. 

The diffuse mode sensor emits a beam of light which strikes the surface of an 

object at any angle and the light that bounces off the object is received. This type 

of sensor works best with products that have a shiny surface and is, like all 

proximity sensors, relatively inexpensive, since only one is needed. Diffuse mode 

sensors can detect products from a few inches to a few feet away. 

The divergent sensor emits a beam of light in all directions. This avoids the 

effects of signal loss from shiny objects. The sensor should only be used to detect 

products that are a few inches (or less) away. As a result, divergent mode sensors 



15 

can reliably sense small objects like yarn, wire, or clear plastic bags which bounce 

during production. 

The convergent beam is another proximity mode sensor that is effective for 

detecting small objects. The beam emitted reaches the object at a precise location 

and then is bounced back to the same place from where it was emitted. This type 

of sensor can be used whenever diffuse or divergent mode sensors cannot detect an 

object due to its low reflectivity. A typical application for this sensor would be the 

detection of the proper fill level of a product on a conveyor. The convergent beam 

sensing mode should be used when objects are a fixed distance away from the 

detector. If this criterion applies, the sensing range can vary as long as the emitted 

beam is focused at an exact location. 

The background suppression sensor has the ability to sense objects at 

different distances. This sensor may be used to determine the presence of a 

component on a piece of equipment that is directly ahead of another reflective 

surface. The distance must be fixed at the second location so that all other 

surfaces will be ignored. 

Ultrasonic proximity sensors vibrate with the application of electric voltage. 

Ultrasonic sound is sent outward from the face of the transducer as the vibration 

alternately compresses and expands air molecules. There are two types of 

ultrasonic proximity sensors; the electrostatic and piezoelectric. The electrostatic 

can be used to monitor the levels in large bins or tanks up to distances of twenty 

feet under normal conditions; while the piezoelectric can be used under harsher 

conditions with a range of up to three feet. 

The last sensing mode, and the one that is recommended for this particular 

method is the opposed mode sensor. Opposed mode photoelectric sensors are used 

primarily when the object to be detected is opaque to light. This type of sensor 

offers the highest levels of excess gain. Excess gain is the minimum amount of 
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light required to operate the sensor's amplifier based on the amount of light energy 

falling on the receiver of a sensing system. Excess gain guidelines are shown in 

Table 3. The use of high excess gain in an opposed mode arrangement should be 

in excess of fifty times in order to "see through" the carton. 

Table 3. Excess Gain Guidelines 

Operating Environment Excess Gain Required 

Clean air, no dirt buildup on lenses or reflectors 1.5 

Slightly dirty, slight buildup of lint, paper, dust, 

moisture, or film on lenses or reflectors; lenses 

cleaned regularly 

5 

Moderately dirty. Obvious contamination of lenses 

and reflector, but not obscured; lenses cleaned 

occasionally or when necessary 

10 

Very dirty. Heavy contamination of lenses; fog, mist, 

or dust. Minimal cleaning of lenses 

50 

Source: Banner Engineering Corp., Handbook of Photoelectric Sensing, Banner 

Engineering Corp., Minneapolis, Minnesota, 1990. 

The opposed mode sensors (emitter and receiver) will be set up opposite each 

other after operator B's position, just before the carton enters the carton machine. 

If operator B happens to miss placing the product into the carton, the photoelectric 

sensor will detect the empty carton. The sensor will then send a signal to the 

carton machine which will stop immediately. The operator can then place the 

product into the carton and restart the carton machine. Figure 8 shows the location 

of the photoelectric sensors in relation to those of the operators. The sensors are 
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far enough away from the operators so that the machine does not stop 

inadvertently before there is a chance to drop the product into the empty carton. 

Figure 8. Photoelectric Detector Application 

The use of photoelectric sensors in this application is a major step towards 

the final solution to the compressed air problem. Unfortunately it cannot be used 

because the amount of time consumed between the machine stopping and starting 

causes a disruption in production. The approximate time for this disruption is 

estimated at twenty seconds. The number of products that exit the carton machine 

is approximately 120 per minute; therefore, the down time will have an effect on 

overall production at the end of the shift. In the next chapter the complete solution 

of eliminating compressed air as a method to detect empty cartons is explained. 



CHAPTER 4 

THE SOLUTION 

The optimal solution for removing compressed air, as a method to detect the 

absence of a product in a carton, is a culmination of the previous ideas explained 

in Chapter Three. This chapter focuses on the components necessary for the 

complete operation of the new system. The individual components will be 

identified and discussed in detail so that one can understand how the system 

functions. 

The optimal solution requires both electrical and mechanical components 

which form an electromechanical system. The combination of the two results in a 

system that accomplishes the same objective as the one that is currently in place. 

The advantage this solution has is the elimination of any possible injurious effects 

to employees and the savings of thousands of dollars over the course of time. In 

Chapter Five, the respective costs of the two systems, both present and future, are 

compared through a cost-benefit analysis. 

The first step taken when deciding to use photoelectric controls as a method 

of detection is to choose the arrangement that will perform the task with minimal 

error. In this case, the type favored is an opposed mode sensor with very high 

excess gain. The sensor must be high powered in order to "burn-through" an 

opaque container to determine if the contents are present. The Banner Corporation 

of Minneapolis, Minnesota, which manufactures photoelectric controls, offers 

many different types. Therefore, its catalog is a key source of data in designing 

this system. The specifications for all components used in the system are located 

in the Appendix. 

18 
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The photoelectric sensors that have the ability to see through empty cartons 

are SM51EB6 (emitter) and SM51RB6 (receiver). These are known as the 

inspection sensors. These sensors are extremely high powered and have very high 

excess gain. In Figure 9, the excess gain that is available from this pair of sensors 

when used without lenses, is plotted as a function of distance. The excess gain 

suggests that operation of such an opposed sensor pair is acceptable in both a 

perfectly clean environment (excess gain z 1.5x) at distances up to fifty feet apart, 

and in a moderately dirty area (excess gain z 10x) at distances up to fifteen feet 

apart. At distances within two feet, this sensor pair will operate in nearly any 

environment. The relationship between excess gain and sensing distance for this 

sensor pair is governed by the inverse square law. As the sensing distance 

changes, the excess gain is reduced by a known factor. For instance, if the 

Figure 9. Excess Gain Curve for an Opposed Mode Sensor Pair 
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distance doubles then the excess gain is reduced by a factor of (1/2)2  = one-fourth.. 

At ten feet the gain is equal to 20, at twenty feet the gain is equal to five. As a 

result, the logarithmic excess gain curve is always a straight line. The excess gain 

for this application is above fifty times and is adjusted manually until enough gain 

is achieved to enable the sensor to see through the carton. 

The beam pattern shown in Figure 10 represents the area in which the 

receiver will see the emitted light. The horizontal axis is the distance the receiver 

can be from the emitter, and the vertical axis is the width of the emitted beam. 

The curve represents how far the sensors can be apart from one another without 

interfering with other sensors. Testing revealed that the sensors for this 

application can be set up approximately eight inches apart eliminating interference. 

Figure 10, Beam Pattern for an Opposed Mode Sensor Pair 
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When choosing a sensor for any application, it is important to understand how the 

excess gain and beam pattern curves function. 

The next step is to choose a sensor that will be used in conjunction with 

SM51EB6 and SM51RB6. The mini-beam sensor, SM2A312W, also known as 

the interrogate sensor, is used to initiate a gate signal each time its beam is broken 

by the leading edge of a carton. A gate is a combination logic circuit having one 

or more input channels. The gate signal tells the inspection sensors that a carton 

has just been sensed, and to check if a product is present inside. If the product is 

detected by the sensors during inspection at the gate window, the beam will be 

broken. The inspection sensors are positioned perpendicular to the conveyor at 

Figure 11. Inspection and Interrogate Sensor Setup 



22 

the mid-point of the carton's height so that its beam will be broken if the product is 

in place. The inspection sensors must also be positioned (relative to the 

interrogate sensor) so that the inspection beam is "looking" at the carton's position 

while the gate window is open. The setup for the inspection sensors and 

interrogate sensor is shown in Figure 11. 

The LIM-2, logic inspection module, is the device necessary to coordinate the 

inspection and interrogate sensors. It is easily programmable through internal 

logic (DIP) switches which can vary input response times, signal polarities, and 

output characteristics. The programming options for this module are shown in 

Table 4. The positions of the switches used for this system are italicized. 

The interrogate sensor establishes a gate signal during which the logic 

inspection module looks for the presence or absence of data from the inspection 

sensors. The data received from the sensors is interpreted by the module and the 

output can be programmed in two ways. If a data signal is detected, this indicates 

the absence of a product; and, if the data signal is not detected then the product is 

present. The outputs can be programmed either as a one shot pulse or as a latch. 

In the latch mode, the signal is switched on until another device turns it off. The 

one shot pulse is used in this application to supply additional information to a 

timing device known as a shift register. The hookup diagram for the inspection 

and interrogate sensors using the logic inspection module is shown in Figure 12. 

The LSR-64, shift register module, is used to interpret the data which is sent 

from the logic inspection module. In this application, a shift register is necessary 

since the inspection of the carton is at one location, while the mechanism to eject 

the defective product is at another. The shift register module obtains its data from 

two sensors which use a mechanical "clocked" reference such as a cam or gear. 

The two sensors, SE61E and SE61R, are attached to a gear which is connected to 

the drive shaft of the conveyor. The sensors generate pulses from the teeth of the 



23 

gear and each clock pulse represents an equal increment of movement of the carton 

on the conveyor. The shift register stores the data received from the sensors and 

Table 4. LIM-2 Programming Options 

Switch 

Number 

"ON" Position "OFF" Position 

1 Gate input has 10 millisecond response 

time 

Gate input has 1 millisecond response 

time 

2 Data input has 10 millisecond response 

time 

Data has 1 millisecond response time 

3 GATE signal is entered when pin #5 is 

"low" 

Gate signal is entered when pin #5 is 

"high" 

4 DATA signal is entered when pin #3 is 

"low" 

DATA signal is entered when pin #3 is 

"high" 

5 Gate window remains open for as 

long as the GATE signal is present 

Gate window occurs only at the leading 

edge of the gate input 

6 Data may be entered at any time 

during the gate window, or it may be 

continuous 

A data transition must occur while the 

gate window is open 

7 Outputs latch in their last state until the 

end of the next gate window 

Appropriate out energizes for a one- 

shot pulse at the end of each 

gate window 

8 Output one-shot time is adjustable 

from .05 to 1 second 

Output one-shot time is adjustable from 

.005 to .1 second 

Source: Banner Engineering Corp., Handbook of Photoelectric Sensing, Banner 

Engineering Corp., Minneapolis, Minnesota, 1990. 
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Figure 12. Hookup diagram for Logic Inspection Module LIM-2 

coordinates the timing at which point the output is sent to an electromechanical 

relay. The hookup diagram for the shift register module and sensors is shown in 

Figure 13. 

Figure 13. Hookup diagram for Shift Register Module LSR-64 



25 

The electromechanical relay device, BR-2, is the next piece of equipment 

needed to convert this system from electrical to mechanical. Electrical relays are 

used in applications where sensors directly control mechanisms such as clutches, 

brakes, or solenoids at a certain location. The BR-2 is used when the shift register 

module sends data to the relay. In turn, the relay will then send a signal to a 

solenoid valve. 

The logic inspection module, LIM-2, the shift register module, LSR-64, and 

the electromechanical relay, BR-2, are connected to the OS-8 female octal (8-pin) 

socket. These then connect to a control chassis, MRB-L. The MRB transformer 

has a built-in rectifier, and supplies 15 volts directly to pins number four and seven 

of the first socket with a maximum of 500 milliamps. The supply voltage is 120 

volts. The hookup diagram for the entire electrical system is shown in Figure 14. 

The devices needed to perform the removal of a defective carton once it has 

been detected by the electrical components are; a four-way valve, a speed control 

kit, a quick exhaust valve, and a single ended double-acting cylinder which is 

required when the system is operating synchronously. These mechanical parts 

have the capability of ejecting the carton from the production line without delaying 

or interfering with production. 

The four-way valve is connected to the output of the MRB-L control chassis. 

A four-way valve is used since this application needs four ports and four internal 

passages. The inlet port allows the compressed air into the valve when a signal is 

given from the electromechanical relay. The next port passes the compressed air 

to the cylinder which pushes the carton off the conveyor. The third port, which is 

commonly known as the exhaust port, allows the compressed air to exhaust. 

During one of the positions of the solenoid valve, the exhaust port is closed so that 

air is directed from the inlet port to the cylinder port. The last port is used to 

exhaust any excess compressed air that is not needed backwards through the valve. 
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Figure 14. Hookup Diagram for Electrical System 
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The four-way valve used in this system is the Numatics Mark 7 model number 

11SAD421C. This model is used in conjunction with a speed control kit, 

Numatics model number 229-310A. The speed control kit attaches to the four-way 

valve and is needed to adjust the throttle flow of exhaust air out of the four-way 

valve unit. 

Figure 15. Electromechanical System Setup 

The mechanical component that performs the work involved to remove the 

empty carton is a double-acting single ended piston cylinder. The compressed air 

which is exhausted from the four-way valve is sent to the inlet port of the cylinder. 

This drives the piston into the carton ejecting it from the conveyor. After the 

cylinder has performed this operation, air will be sent through another port to force 
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the piston rod back into its initial position. The cylinder used is made by the 

Allenair Company of Mineola, New York, model SM-2x6-HTP, piston cylinder 

which has a two inch bore and a six inch stroke. The cylinder is mounted just 

before the carton enters the sealing stage. A quick exhaust valve is connected to 

its exhaust port. This valve allows the cylinder to reset itself in two-tenths of a 

second in order for it to be able to eject the next defective carton. The cartons 

pass the cylinder at a rate of two per second. For the system to work this quickly, 

a Quick Exhaust Valve model EV20A is used which is supplied by the Deltrol 

Company of Bellwood, Illinois. In order to eject the carton at this location, two 

guide rails must be cut to allow the carton to drop off the conveyor. The location 

for the cylinder was chosen because the process presently used by the carton 

machine does not allow room for the cylinder to be placed in any other area on the 

production line. In addition, once the cartons exit the carton machine they fall on 

their sides. This orientation does not permit the shift registers to accurately 

pinpoint their location. A setup for the electromechanical system is shown in 

Figure 15. 



CHAPTER 5 

COST-BENEFIT ANALYSIS 

The costs of the present system being used and the optimal solution proposed 

may be compared through a cost-benefit analysis. Performing such an analysis is 

necessary whenever a system is altered. Its goal is to determine whether using 

photoelectric and pneumatic components is justifiable as a replacement for the 

presently used compressed air system for detecting defective products before the 

packaging stage. 

The compressed air system does not utilize any electrical or mechanical parts 

other then a valve and a pipe which is routed to a location under the conveyor just 

beyond the carton machine. The costs for the valve and the pipe are not 

considered in this analysis since they were a one time purchase made over twenty 

years ago and have since fully amortized. The only significant cost involved with 

this system is the compressed air. In order to determine this cost, certain basic 

calculations must be performed as shown below: 

For the compressed air, certain parameters are fixed, 1/4"

•  pipe  

• 90 PSIG 

• 26 hp for a basic air compressor per 100 CFM (cubic feet per minute) 

• 90% efficiency for an electric motor 

29 
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Discharge in CFM for 1/4" pipe diameter = 95 CFM 

The pipe out of which the compressed air flows has rough edges, thus the 

discharge is multiplied by a factor of 0.65. If the orifice edges were well rounded 

a factor of 0.97 would be used. 

Source: Compressed Air and Gas Institute, Compressed Air and Gas Handbook, 

Prentice-Hall, New York, Fifth Edition, 1988, 852-853. 

(95.0 CFM) x (0.65) = 62 CFM 

The next step is to calculate the power input based on air flow which is given by: 

P = (Power Output) x (Discharge) / (efficiency) x (100 CFM) 

Source: Hibbeler, R.C., Engineering Mechanics Dynamics, Macmillan Publishing 

Company, New York, 1986, 153-154. 

P = (26 Hp) x (62 CFM) / (0.90) x (100 CFM) 

P = 17.91 hp 

The power is now converted into watts: 

1 hp = 746 W 

P = (17.91 hp) x (746 W) 
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P= 13.36 KW 

The present cost for electricity is approximately $0.13 per KWH according to 

current figures supplied by the Public Service Electric and Gas Company of 

Newark, New Jersey. 

Thus, the cost to produce 90 psi of compressed air for 2 - 8 hour shifts a day can 

be calculated by: 

Cost = (Power) x ($ / hour) x (Time) 

Cost / Day = (13.36 KW) x ($0.13 / KWH) x (16 H / Day) 

The Cost / Month is calculated based on 21 working days in one month, thus: 

Cost / Month = (Cost / Day) x (21 Days / Month) 

Cost / Month = ($28.00) x (21 Days) 

The Cost / Year is the Cost / Month multiplied by 12 months in one year, 

Cost / Year = (Cost / Month) x (12 Months / Year) 
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Cost / Year = ($588.00) x (12 months / Year) 

The cost associated with the optimal solution is based on quotations received 

from the respective manufacturers' retail price for each component. These prices 

are valid at present but will increase over time due to inflation so that the total cost 

will fluctuate. In Table 5, each component is shown by its part name, part 

number, manufacturer, and cost. In Table 6, the cost of installation, which may be 

performed by one electrician and one machine maintenance mechanic, is shown, 

and the total electromechanical system cost is presented. 

Table 5. Total Purchase Cost of Components 
Part Name Part Number Mfg. Cost 

Control Chassis MRB-L Banner $70.00 
Logic Inspection Module LIM-2 Banner $113.00 
Inspection Sensor - Emitter SE51EB6 Banner $74.00 
Inspection Sensor - Receiver SE51RB6 Banner $97.00 
Interrogate Sensor SM2A312W Banner $86.00 
Shift Register Module LSR-64 Banner $173.00 
Shift Register - Emitter SE61E Banner $27.00 
Shift Register - Receiver SE61R Banner $32.00 
Electromechanical Relay BR-2 Banner $17.00 
Female Socket 0S-8 Banner $33.00 
Solenoid Valve 11SAD421C Numatics $99.00 
Speed Control Kit 229-310A Numatics $45.00 
Piston Cylinder SM-2x6-HTP Allenair $98.00 
Quick Exhaust Valve EV20A Deltrol $15.00 

TOTAL COST $980.00 
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Table 6. Cost of Installation and of the Entire Electromechanical System 

Job Title Time  Rate Rate Cost  
Electrician 4 hours $40.00 $160.00 

Mach. Maint. Mech. 4 hours $40.00 $160.00 

Total Cost of Labor $320.00 

Total Cost of Components $980.00 

Total Cost of Electromechanical System $1300.00 

The electrician installs all electrical components pertinent to the system, 

and the machine maintenance mechanic installs the mechanical equipment. The 

electrical installation may be considered complete when the electrician can justify 

that the components provide a one-shot pulse when the absence of a product in a 

carton passes the inspection sensors. 

The machine maintenance mechanic installs the pneumatic equipment 

which performs the ejection of defective cartons. The installation is complete 

when the mechanic can justify that all defective cartons are ejected from the 

conveyor before they are able to proceed to the packaging stage. It is very 

important that every defective carton is ejected in order to maintain a 100% 

production rate. Therefore, the electrician and the machine maintenance mechanic 

are able to work together to ensure that the system operates accurately. The total 

time involved for the installation is estimated at half a day, although actual time 

can vary. 

The costs of the electromechanical and compressed air systems is shown in 

Figure 16. It can be seen that compressed air is approximately five times more 

expensive than the proposed electromechanical system in the first year of 

installation. In Figure 17, the cost of the two systems are projected over a period 
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of five years in order to show the relationship between present and future 

expenditures. In five years, the cost to run the compressed air is approximately 

$32,250.00, while the electromechanical system cost is approximately $2,800.00. 

Figure 16. Cost of Systems for First Year 

A maintenance cost of $300.00 a year has been added for five years in the 

electromechanical system to cover any labor and spare parts which might be 

necessary to repair or replace failed components. The possibility of not 

performing maintenance on the electromechanical system exists, but is dependent 
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on environmental work place conditions (e.g. cleanliness). In this application, 

mechanical failure of the piston cylinder or solenoid valve is more likely then the 

failure of any electrical components. 

The two total system costs presented in this chapter differ significantly, 

with the electromechanical system being far more economical. The cost-benefit 

analysis proves that even in the first year, the savings will be significant. In 

addition, the elimination of compressed air blowing constantly removes any 

potential health hazards related to noise exposure. In a hypothetical scenario, even 

if the total electromechanical system had to be replaced each year, it would still be 

advantageous to use instead of the present compressed air system. 

Figure 17. Total Cost of the Competing Systems Over Five Years 



CHAPTER 6 

CONCLUSION 

The use of compressed air as a method to detect the absence of a product in a 

carton in a manufacturing environment poses health and safety hazards to 

individuals who must work in this setting. The noise level emitted from a 

compressed air jet used for this application exceeds the Occupational Safety and 

Health Administrations guidelines of 90 dBA over a time-weighted average of 

eight hours. According to OSHA, exposure to this level of noise necessitates the 

use of personal protective equipment, in this case, hearing protection devices. The 

steps to follow in the situation described above would be to apply, engineering 

controls, administrative controls, or lastly, personal protective equipment. At 

present, administrative controls have been implemented but have not been 

effective in reducing the noise exposure level. Through job rotation, 

administrative controls were investigated but failed to reduce the exposure levels. 

In the past, engineering controls were not feasible due to the lack of manpower to 

design a system to remove the noise source. The cost of using compressed air is 

yet another concern when operating a production line in which products are 

inserted into a carton. In one year, if a compressed air system is utilized, the cost 

to supply 90 pounds per square inch for sixteen hours a day is approximately 

$7,050.00. This cost would be divided in half if production were reduced to a 

single eight hour shift. 

Various ideas were investigated in developing a system to eliminate the use 

of compressed air and thus reduce the health and safety hazards associated with 

detecting defective products. Developing a substitute system enabled the creation 

of an optimal approach that would eliminate this problem. Some of the various 

36 
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options presented were not feasible, but they were not entirely excluded. 

Constraining factors did not allow certain features to be implemented because of 

the necessity to restructure the production line which would significantly increase 

costs. The electromechanical system recommended does not preclude all 

applications for this type of manufacturing environment. It is presented in order to 

compare various alternative approaches for methods to detect defective products. 

The optimal solution developed has advantages over the present system, 

compressed air. One of its main goals is to eliminate the risk of negative health 

effects due to the high sound pressure levels generated. The electromechanical 

system presented accomplishes this task. In addition, the cost of the system is 

considerably lower than the present arrangement as shown by the cost-benefit 

analysis in Chapter 5. The ability to perform the removal of defective products 

and reduce the overall cost of producing the product makes this system desirable. 

Also, the system eliminates any potential hearing loss to employees working in the 

particular area of concern. In the first year of production there is a potential 

savings of approximately $5,750.00 or 400%. 

There are some advantages and disadvantages when deciding between the 

two systems and choosing the best one. The advantages of using compressed air 

are its ease of installation and the ability to detect defective products. Simply 

installing a valve and piping attached to the plant air source creates an effective 

system, but it has two major disadvantages, the extremely high cost of compressed 

air and the high noise levels generated. On the other hand, by using an 

electromechanical system, one can eliminate the high noise levels and accomplish 

the detection task at approximately one-fifth the cost. The only drawback to the 

electromechanical system is its installation, which requires an electrician and a 

machine maintenance mechanic. This factor is not considered a disadvantage 

since these two positions are usually found in a typical manufacturing 
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environment. In conclusion, the electromechanical system is preferred since it 

reduces the health and safety risks and is more cost effective then the compressed 

air system. 



APPENDIX 

The components found on pages 40-50 are taken from the Banner 

Engineering Corporation catalog of 1991-1992. The company is located at 9714 

10th Avenue North, Minneapolis, Minnesota 55441. For further information, 

their telephone number is (612) 544-3164. 

The components found on pages 51-53 are taken from the Numatics 

Corporation catalog of 1992. The company is located at 1450 North Milford 

Road, Highland, Michigan, 48357. For further information, their telephone 

number is (313) 887-4111. 

The components found on pages 54-57 are taken from the Allenair Company 

catalog of 1992. The company is located at 255 East Second Street, Mineola, New 

York 11501. For further information, their telephone number is (516) 747-5450. 

The component found on page 58 is taken from the Deltrol Company catalog 

of 1986. The company is located at 3001 Grant Avenue, Bellwood, Illinois 

60104. For further information, their telephone number is (708) 547-0500. 
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