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Abstract – Broaching (metal working) is most widely used in industries for fast and accurate profiling of metal jobs. Broaching can be used to produce any desired profile via tool called broach. The profile that is largely produced is keyway. The keyways are required in automotive parts such as gears and pulleys. The disclosure relates to changing method used for cleaning broach tool compromising of a brush that reciprocates through a slider crank mechanism designed specifically for key way broaching machine to remove the metal chips accommodated in-between broach tool tooth.
I. Introduction 
            Broaching is the most precise process in metal working area despite the high cost of tooling as it is largely applied in automobile industry. Broaching is a machining operation which uses a tool called broach, moving past the work piece to remove material, cutting a predetermined shape commonly circular or odd shapes. Both internal and external profiles are obtained by broaching. The broaching machines are mainly of two types.

a) Push broaching machine

b) Pull broaching machine

           The broach is either pulled or pushed past the work piece.   These machines are operated hydraulically and thus requires less maintenance as there is less wear and tear of machine parts. 

           The broaching operation consists of three elements

a) Cutting stroke

b) Return stroke

c) Tool cleaning.

            After studying the process, it is found that during cutting stroke the broaching tool goes past the work piece inside the machine. The tool comes up during return stroke and the tool is cleaned. The cleaning of tool is necessary after each cycle because the metal cut by tool gets stuck in between the tooth and gets temporarily welded due to heat.

          As per our observation at Bajaj Steel Industry, Nagpur, we found that the cleaning process was carried out manually by a paint brush. Which consumes excess time and a separate stroke i.e. cleaning stroke. Our research found that no industry has broaching machine that had addressed a solution for this problem. With calculation we mathematically proved that the productivity of broaching machine can be improved by 1.25 times standard production.
           This problem can be tackled by a mechanism that would remove the metal chips between teeth which would save cleaning time. We came up with two designs a geared design and a offset slider crank mechanism.

II. DESIGN
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Fig.1 Mechanism of Broach Cleaner

As shown in fig 1 brush is attached to the slider of the slider crank mechanism. The main components of the mechanism are as follows. 

1. Motor: The motor used is geared motor 300RPM 12V DC. The motor diameter is 28.5mm 5kg.cm torque.

2. Crank: the crank as shown in figure is made of aluminium to reduce weight of mechanism. It has 12 cm diameter and is 10mm thick .it is coupled to a D.C motor. 

3. Connecting rod: connecting rod is made of mild steel having length 214 mm and width 6mm. 

4. Slider: The slider is attached with a nylon brush 12 cm length and 3.5 cm width.

5. Brush: a nylon brush of 130 mm and width 35 mm is used in the mechanism.
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Fig. 2 Prototype of Broach Cleaner

[image: image4.png]



Fig.3 Assembly of Broach Cleaner
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Fig. 4 Top View of Broach Cleaner
III. METHODOLOGY

            The broaching operation can be subdivided into 3 elements which consists of cutting, return and cleaning. The job is first loaded onto fixture and then the keyway broach is placed. The machine is then switched on and broach is pulled through the work piece which cuts the metal. The keyway cut is generally made in two pass, the tool goes through the work piece inside the machine .The broach is made of carbide steel generally and consist of a series of tooth. The tool can be divided into three portions: bottom portion is called roughing teeth which gives initial cut. The middle portion is called semi finishing teeth and the top portion is called finishing teeth that gives a final cut. The broach tool has a tapered profile to enhance the cutting action while cutting. As the tool moves past the work piece, the metal chips get stuck to the broach tool.
           The reason behind chips getting stuck to tool is because of high amount of heat produced due to metal to metal contact while cutting. The amount of chips formed is maximum in mild steel as compared to cast iron and as per our observations, the time required for cleaning was also more in case of mild steel. After the cutting stroke the tool comes up from inside the machine and the chips accumulated on tool can be seen.

            Fig 2 shows prototype of broach cleaner. After making CAD model of desired mechanism we drafted it and made a prototype of nuwud material. After testing the prototype we manufactured various components of mechanism and then assembled it as shown in fig 3 and fig 4. 
            The automated broach cleaner replaced the extra cleaning time and is combined with the return stroke. Now the tool is cleaned in the return stroke itself which removes the chips stuck to tool by means of reciprocating motion of a brush. According to observation the return stroke was of 5 sec and in order to clean the tool completely the brush should match the speed of one teeth’s travel i.e. 0.06 sec for the broach to pass through the brush. As per calculation we found that the speed of motor should be 133.33 RPM. Keeping in mind the factor of safety  2 and also depending upon the availability of motor a 300 RPM and 5kg.cm torque, a geared motor has to be chosen, which solve our purpose.

IV. OBSERVATIONS AND CALCULATIONS

Table 1: Observation without Mechanism for 19 teeth gear

	JOB: 19 TEETH GEAR        
	 MATERIAL : MILD STEEL
	TOOL: 8MM

	CUTTING STROKE (Sec)
	RETURN STROKE (Sec)
	CLEANING                 (Sec)
	TOTAL  

TIME

	13.32
	5.10
	6.84
	25.26

	13.32
	5.19
	7.20
	25.71

	13.32
	5.27
	8.70
	27.29

	13.36
	5.30
	8.44
	27.10

	13.33
	5.21
	7.79
	26.34


             The above observation table shows the elements of broaching operation consisting of cutting, return and cleaning strokes. Above observation shows that the cutting and return stroke are the machine element and it is consistent, whereas the cleaning stroke is varying in each cycle. Due to which the total cycle is varying by 5.26 sec.

Table 2: Observation with Mechanism for 19 teeth gear

	JOB: 19 TEETH GEAR        
	 MATERIAL : MILD STEEL
	TOOL: 8MM

	CUTTING STROKE (Sec)
	RETURN  & CLEANING STROKE (Sec)
	MECHANISM SETTING TIME                 (Sec)
	TOTAL TIME 

	13.33
	5.15
	2.84
	21.32

	13.31
	5.14
	2.20
	20.65

	13.32
	5.27
	2.70
	21.29

	13.34
	5.30
	2.44
	21.08

	13.33
	5.21
	2.79
	21.08


             The observations in table 2 are recorded for 19 teeth gear after the implementation of the Broach cleaner on Broaching machine. In this the return and cleaning stroke takes place at the same time which eliminates the manual cleaning process. The cleaning stroke is replaced by mechanism setting time. After implementation of broach cleaner, 5.26 sec is saved in each cycle.    

V. RESULT
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Graph 1: Time Vs Process

         Based on the observation from table 1 and table 2 , graph 1 is obtained . In the graph 

1.  Cutting Stroke 

2.  Return stroke

3. Cleaning stroke 

4. Total cycle time 

         From the graph it is clear that process 1 and 2 are having approximately same time whereas process 3 that is the cleaning stroke, where the time consumed is less when using the mechanism as compared to not using mechanism. Due to which the total time for Broaching operation is substantially reduced.
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Graph 2: Productivity

          The above graph indicates productivity for 1 day (7 hour shift)

Products produced without mechanism  : 956

Products produced with mechanism       : 1195

Total cycle time without mechanism      : 26.58 sec

Total cycle time with mechanism           : 21.08 sec
VI. CONCLUSION

           After implementing the Broach Cleaner to the machine the following benefits have been noticed:

1. The productivity of broaching machine has been improved.

2. The excess time used in cleaning has been reduced. 

3. The saved time can be utilized by the operator to do other productive work.

4. The improvement in productivity of 19 teeth gear per shift has been increased by 1.25 times the standard production rate. Hence the productivity of broaching process has been increased by 25%.

5. The improvement in productivity may vary according to different jobs.
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