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Abstract:-In Automobiles, Seat is very important part. The standard car seat is designed to support thighs, the buttocks, lower and 

upper back, and head support. The front driver and passenger seats of most vehicles have three main parts: the seat back (squab), seat 

base (cushion), and the head-rest. These components are usually constructed from foam to provide comfort to the rider. When 

choosing this product, foam manufacturers must consider the most suitable foam for balancing comfort, support, safety, and recycling 

properties. This paper gives overall idea of Automotive seating system. 

Keywordsð Automobile, Seat, Head rest, Foam, Tracks, Recliners, Seat belt. 

INTRODUCTION  

 

Automotive seat is used to give comfort to the person who is driving. The cushioning agent is especially important when considering 

that moving cars can transmit vibrations near the human spine's resonant frequency of 3 Hz. The base can usually be moved forward 

and back on metal railings and may move up and down to adjust to different body types. This movement is accomplished either by 

manual latches or by electric levers. Now we will see the entire Seating System. 

MAIN FUNCTION OF SE AT: - 

Seat system is the very important part of the vehicle which always comes in contact with the occupant when the vehicle is used and is 

also directly responsible for the comfort/safety of the occupant. 

1. Occupant Support:- 

                  a. Occupant should get stable support for long time. 

                  b. Occupants of various weights, sizes and proportions should be accommodated in the Seat.  

2. Occupant Position:-  

                  a. Occupant position is very important for safe operation of the vehicle.  

                  b. Occupant should be positioned ergonomically so as to have clear field of vision.  

                  c. Occupant should have good Head, leg and arm room. 

3. Protect Occupant:-  

                  a. During the crash occupant should not be unduly displaced from the seat.  

                  b. Seat system parts should not injure occupant before/during/after vehicle crash. 

Main assemblies / areas within the Seat (CAD):- 

http://www.ijergs.org/
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The automotive seating system consist of following parts:- 

1. Head Rest:- 

 

        

                   In most cars head restraints are kept relatively small in order not to unnecessarily obstruct the rear passenger visibility. 

Two seater sports cars often have a much larger head restraint area which is safer. A small head restraint has to be adjustable for the 

user and some are also adjustable in angle as if they might be used as a head rest. An effective comfortable head rest, as for instance 

on a fireside chair, has to support the base of the skull near the top of the neck. This would be extremely dangerous in a car. It is this 

confusion and the simple fact that what can be adjusted right will usually be adjusted wrong that led Design to avoid any adjustment in 

head rests. 
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FUNCTION OF HEAD REST: -  

1. Prevents head injury during vehicle crash.  

2. Supports head.  

3. DVD/VCD screen can be packaged in Head rest. 

TYPES OF HEAD REST DEPENDING UPON SAFETY:- 

1. Active ï Activates during vehicle crash. 

2. .Passive ï Does not activates during crash. 

STANDARD MATERIAL USED IN HEAD REST: -  

1. Head rest structure (Rod/Stem).  

2. Plastic  

3. Foam.  

4. Trim. 

HEAD REST CONFIGURATIONS: -  

1.  Can move up and down.  

2.  Can rotate (Tilt) along the pivot in forward and rearward direction.  

3.  Wings on the Head restraint can rotate and support head.  

  (Head rest can be 2-Way, 4-Way and 6-Way depending upon above combination) 

 

       2.  Seat Back :- 

 

                   Seat back assembly mainly consist of 4 parts as shown in the picture above. It is very important in order to have 

comfortlness to the occupant 

FUNCTION OF SEAT BACK  : - 

1.  Supports occupantôs back.  

2.  Positions occupantôs back. 

http://www.ijergs.org/
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     Standard seat back assembly consists of 

1. Metal structure.  

2. Plastic  

3. Foam  

4. Trim 

            There are a lot of features which are incorporated within the seat back assembly. Lumber support is one feature. Back of 

seat is so designed to have enough lumber support. In some cases it is also used as the heating and ventilation purpose. Folding 

pad, Lap top tray, Side Air bag, Knee air bag for Rear seat occupant are some of the important features. 

 

3. Seat Cushion:- 

 

 
 

       Seat cushion is important in order to get the thighs support and position of occupants. During the manufacturing of seat 

cushions polyethers are used. 

FUNCTION OF SEAT CUSHION: - 

1. Supports occupant ischium and thighs.  

2. Positions occupant. 

Standard Seat Cushion assembly consists of 

1. Metal structure. 

2. Plastic  

3. Foam.  

4. Trim.  

SEAT CUSHION CONFIGURATIONS :- 

1. Can move in forward and rearward direction.  

2. Can move up and down (Height adjustment).  

3. Can tilt (Thigh support)  

4. The Bolster can rotate.  
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5. SEAT BELT :- 

 

 

                      In a severe collision, the occupant can either strike the dashboard, or strike the seat belt. How much trauma the body of 

the occupant experiences will depend on the time period over which the force is applied and the stiffness of the body parts absorbing 

the force. Stretching the time epoch of the collision for the occupants and redistributing the crash forces to the stiffest parts of the 

human anatomy is the duty of the seat belt. Equally important, seat belts are the best way to prevent ejection from the vehicle.  

The seat belt restraint system contains some or all of these components   

1. shoulder guide loop,   

2. webbing  

3. non-locking retractor     

4. automatic locking retractor 

5. emergency locking retractor 

6. vehicle sensitive retractors 

7. webbing sensitive retractors 

8. buckle 

9. buckle release 

10. tongue (latch plate) 

11. selvage   

6. AIRBAGS:- 
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                      All cars feature dual-stage front airbags as well as front side-impact and side curtain airbags, controlled by a "smart" airbag 

system that detects passenger weight, seatbelt use and driver's seat position, then deploys the front airbags accordingly while ensuring the side-

impact and side curtain airbags only deploy when needed. The dual-stage means they can be deployed in one of two ways: a low to medium 

speed collision will cause a single-stage deployment, while a severe impact will trigger a full deployment. The front side-impact airbags are built 

right into the front seats to ensure they are in proper position at all times. The side curtain airbags deploy from above the side windows to almost 

completely cover the front and rear side windows and the center pillar, helping to protect against injury and intrusions into the cabin in a side 

impact. 

 

MECHANISMS  USED IN  THE  SEATS:- 

 

1. Recliners:- 

 

 

 

 

 

 

 

 

FUNCTION OF RECLINER :- 

¶ Allow to tilt Seat back in forward and rearward direction by specified angle. 

 

 

Selection of recliner depends upon following factors:- 

  

1. Safety and regulation ï The load which Recliner is going to take  

2. Manual / Power ï It depends upon whether seat is luxurious or not.  

3. Price  

4. Continuous or discontinuous  

5. Availability 

 

2. Tracks:- 
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FUNCTION  OF TRACKS: -    

¶ The Function of track is to allow movement of Seat in forward and reverse direction by specified distance. 

 

 

Selection of Track depends upon following factors ï 

1. Safety and regulation ï The load which track going to take  

2. Manual / Power ï It depends upon whether seat is luxurious or not.  

3. Price  

4. Availability 

 

 

3. Cushion height adjustment/tilt:-  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FUNCTION OF CUSHION HEIGHT ADJUSTMENT: - 

¶ Allows to move Seat up and down direction by specified distance. 

 

 Selection of Track depends upon following factors ï  

1. Safety and regulation  

2. Manual / Power ï It depends upon whether seat is luxurious or not.  

3. Price  

4. Availability  

 

 

FACTORS NEED TO BE CONSIDERED WHILE DESIGNING THE SEAT: - 

 

1. Sheet metal design:- 

a. In most of the seats, sheet metal contribute more than 70% of weight, so it is important to understand sheet metal design 

thoroughly.  

b. One should know all the processes of the sheet metal ï Blanking, piercing, Bending, Drawing, Deep drawing, hemming, 

Lancing, forming etc.  

c. The designer should understand the importance of part in terms of safety, support etc.  

d. Selection of material ï It depends upon  

1. Yield stress.  

2. Thickness of the sheet.  

3. Availability in particular region.  

4. Cost.  

e.  Process to manufacture ï 

1. The designed Sheet metal part should have manufacturability.  

2. The cost for the tooling should be minimum. 
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2. Tube Structure Design:- 

a. Few of the seats are made up of tube structure. The tube may have circular, box type cross section.  

b. One should know the processes of the tube structure design ï Bending, flattening etc.  

c. The designer should understand the importance of part in terms of safety, support etc.  

d. Selection of material ï It depends upon  

1. Yield stress. 

2. Diameter/Thickness of the tube.  

3. Availability in particular region.  

4. Cost.  

e. Process to manufacture ï  

1. The designed tube part should have manufacturability.  

2.     The cost for the tooling should be minimum. 

 

 

3. Wire structure design:- 

a. Mainly wire structure is used to give support to foam and trim. ISO fix and Top tether anchorages are made up of wires.  

b. One should know the processes of the wire structure design ï Mainly bending  

c. The designer should understand the importance of part in terms of safety, support etc. 

 

4. Foam Design:ï  

a. Foam is designed by considering A-surface and structure of the seat.  

b. Design of the foam directly affects the comfort of the occupant. 

 

5. Trimming consideration:ï It mainly deals with the craftsmanship issues 

 

 

 

6. Plastics: - It mainly deals with the craftsmanship issues and covers the metal structure. 

 

 

7. Joints:- 

a. Welding - CO2/Gas metal arc welding, spot welding are generally used in Seating. Welding length, welding overlapping 

of two parts need to be considered.                         

b. Bolting - Selection of particular bolt size for required application is important. E.g. Cushion and Back marriage bolts 

should be minimum of size M10, Self tapping screws like M4 are used to attach plastic part to Seat.   

c. Rivet - At few places riveting is used as a joint.  

d. Free pivot ï Free pivot is used where the joint is required but two parts needs to rotate freely with respect to each other 

 

8. Assembly sequence:-   

a. By understanding assembling sequence different assemblies and sub-assemblies are created.  

b. Generally following is the assembly sequence ï Welded parts-Bolted/riveted/free pivot parts-foam-Trim-        Plastic  

c. JIT line will have different assembly sequence. 

 

 

9. Assembly/Part drawing:-  

a. Every drawing should have all the important dimensions with GD & T.  

b. Drawing should be made in specific Template e.g. Nissan will have Nissan template.  

c. If required, BOM, welding information, Torque table etc. should be provided.  

d. Tolerance stack up is done where ever required. 

 

 

 

 

10. Packaging:ï  

a. During the packaging of the Seat in Vehicle environment or individual component of seat with in seat, kinematics of the 

seat or part should be done to check the interference.  

b. Tool runner access and welding gun access should be checked.   

c. Meat to metal should be checked between Manikin and Seat Hard points. 
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CONCLUSION: - 

In conclusion according to the above information should be considered while designing the seat. It gives the information about 

different parts of seat which will surely helpful to the designer. 
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Abstract: Today Laser beam machining plays a very important role in the field of micro system technology. This work aims to show 

how the process parameters of laser Fiber Fusion engraving machine influence the final features of work- piece and also optimized the 

results through ANOVA software. Arrays of micro-channels were manufactured using various set of scanning speeds, pulse intensities 

and pulse frequencies. The results suggested that PF, PI and SS are the significant parameters in terms of depth and width of the 

channel which are the important for manufacturing in industry. 

Keywords: Scanning Speed (SS), Pulse Frequency (PF), Pulse Intensity (PI), Micro-channels or Pin Fin.   

1 Introduction  

 Laser beam machining is widely used in the field of micro system technology sectors, automotive manufacturing, diagnostic, medical 

applications, biomedicines, display units, printing technology etc. Developments in Fiber laser techniques (pulsed laser) and system 

has enhanced the applicability of laser in the complex component productions without expensive tooling. Machining of laser have 

wide range of materials such as metals and nonmetals, soft and difficult to machine. Pulsed lasers have more intensities than 

continuous wave lasers and are suited best solution for the fabrication of micro-channels or pin-fins structures. The Material removal 

during the laser machining process depends upon characteristics of the laser and the properties of the work-piece, Factors such that 

pulse frequency (PF), pulse intensity (PI), scanning speed (SS) and overlapping are influenced on laser and work-piece interaction. 

Many of these factors can be optimized in order to obtain the desire quality.  

Various authors have investigated how laser parameters affect the resultant machined features. Teixidor et al 2013-[1] studied 

the capabilities of laser micro-machining by performing experiments on hardened steel with a pulsed Nd:YAG laser. Arrays of micro-

channels were manufactured using various scanning speed, pulse intensities and pulse frequencies. The results are presented in terms 

of the main industrial requirements for nay manufactured good: dimensional accuracy (width and depth), surface roughness and 

material removal rate. E. V. Bordatchev et al 2003-[2] investigated experimentally the effect of laser pulse energy on the geometric 

quality of the machined parts in terms of accuracy, precision, and surface quality. They have experimentally formed the craters on thin 

copper foil with variation in laser pulse energy, the geometry and the surface topology. The geometrical parameters were measured 

and statistically analyzed with respect to incident pulse energy. Statistical analysis including pattern recognition was used to analyze 

the experimental data systematically and to serve proper selection of the process parameters to achieve the desired geometric quality 

of the machined parts. They have discussed the plausible trends in the crater geometry with respect to the laser pulse energy. Basem. 

F. Yousefa et al 2001-[3] described how an artificial neural network can be used to create a nonlinear model of the laser material-

removal process in order to automate micro-machining tasks. The multilayered neural network was used to predict the pulse energy 

needed to create a crater of specific depth and average diameter. Laser pulses of different energy levels were impinged on the surface 

of the test material in order to investigate the effect of pulse energy on the resulting crater geometry and volume of material removed. 

They test the network's performance using experimentally acquired data from several sample materials. The experimentally acquired 

data demonstrates that the proposed network can simulate the behavior of the physical process to a high degree of accuracy. Kant 

Rishi et al 2014-[4], optimized the process parameter of laser micromachining technique which produce smooth machined surfaces. In 

addition, the impact of process parameters like raster speed, laser power, print resolution etc. were optimized using two target 

http://www.ijergs.org/
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functions of dimensional precision and surface roughness. They analyzed the PMMA samples using 3D- profilometry and Field 

emission scanning electron microscope (FESEM) for surface quality and dimensional precision. Semaltianos et al 2010-[5] studied the 

effects of fluence and pulse frequency on surface roughness and MRR in nickel-based alloys with a Nd:YVO4 picosecond laser. They 

also analyzed the surface morophology of these alloys with AFM and SEM techniques.  

Cadot et al 2016-[6] studied about the generation of controlled 3D micro-features by pulsed laser ablation in various materials. The 

key enabler of pulsed laser ablation for micro-machining was the prediction of the removal rate of the target material, thus allowing 

real-life machining to be simulated mathematically. Usually, the modeling of micro-machining by pulsed laser ablation is done using a 

pulse-by-pulse evaluation of the surface modification, which could lead to in accuracies when pulses overlap. To address these issues, 

a novel continuous evaluation of the surface modification that use trenches as a basic feature was presented in their work. The author 

investigated the accuracy of this innovative continuous modelling framework for micro-machining tasks on several materials. 

Venkatakrishnan et al. 2002-[7] studied the laser micromachining on 1000 nm thick gold film using femstosecond laser. They found 

that during micromachining two ablation regimes exist. In the first regime no molten material is present and cutting is very shallow 

whereas in second regime the pulse energy is higher than ablation threshold and redeposition of molten material takes place. They 

suggested controlling the pulse energy in first ablation regime to get clean and precise microstructure. Similarly Venkatakrishnan et 

al.2002-[8] investigated the feasibility of sub-micron machining of metallic film with fs pulse. They found that sub-spot size feature 

can be obtained by the precise control of the peak fluence just above the threshold fluence. When the peak fluence is 2% higher than 

threshold value we can get a feature size of one-tenth the size of laser spot. Authors fabricated holes of diameter less than 200 nm with 

focused laser spot of 1.7 mm in 100 mm thick metallic thin film. Dausinger 2003-[9] found that fs lasers have certain disadvantages 

like deformation of laser beam near the focus and deflection of s-polarized radiation at hole wall. No significant change in thermal 

behavior is observed when the pulse duration is below 10 ps whereas the scattering effect increases when pulse width is less than 5 ps, 

therefore pulse duration of 5ï10 ps is more suitable for micromachining of metals. Rizvi 2003-[10] reviewed the applicability of fs 

laser for micromachining of different types of materials. It was found that the waveguide writing is the only unique application where 

no other laser except fs can be applied. It was observed that ns laser pulses could also produce similar results for certain materials. 

Kamlage et al. 2003-[11] have demonstrated that the fs laser is suitable to fabricate microholes with special geometries, superior 

quality and high reproducibility. Tong et al. 2004-[12] have explored the prospect of fabricating embedded microheater patterns in 

thermal sprayed nichrome alloy coatings on alumina substrates. . Heater patterns have been designed to produce a uniform heat flux, a 

linear distributed heat flux and a non-uniform heat flux for uniform temperature distribution. 

2. Experimental set up 

 The experiments, set up to study the influence of the process parameters, were carried out through 30 watt Fiber Laser (air cooled, 

digitally controlled, co2 laser tubes are fully modular and permanently aligned and field replaceable) with pulsed 20-80 kHZ and 

resolution user controlled choice of 75, 150, 200, 300, 400, 600 or 1200 dpi. The sample of material was stainless steel, selected 

because it is a widely used material in various industries. Dimensional measurements were performed with digital microscope 

(Dinolite 2) and 3D optical profilometer Contour GT (Bruker).  

Several micro-channels were machined in each case changing one single parameter while the other remained fixed. By this, we could 

see the effect of single control variable, in order to determine the control parameter range. Variable factors and factor levels presented 

in Table 1, which is used to study effect of the input.  Micro-channels array (20 x 20) has been fabricated in a 10 mm x 10 mm x 1.3 

mm rectangular stainless steel plates. In the experiments influence of process parameters such as scanning speed (SS), pulse intensity 

(PI) and pulse frequency (PF) were carried out with Epilog Laser Fiber Mark Fusion Machine model -13000. 

 
Fig 1: A schematic illustration of the Fiber Laser machining. 
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Table 1. Variable factors and factor levels. 

 

Variable Factors Factor Levels 

Scanning Speed (SS) in % 30 50 70 90 

Pulse Intensity (PI) in % 50 70 90 - 

Pulse Frequency (PF) in % 30 50 70 90 

 

3. Experimental results and discussion 

 

48 samples were machined with the laser machining process by following the design of experiments as summarized in Table 1. 

Dimensional measurement for each micro-channel, take three different locations on same sample and evaluate average these 

measurements for depth and width of micro-channels. 48 micro-channels were machined and experimental results were obtained, 

these machined features for all the combinations of the variable factors are shown in Table 2. The micro-channels have variations in 

dimensions and shape. These variations in micro-channels are clearly shown in Figure 2, 3 and 4. Analysis of variance was performed 

for each response factor to understand the influence of the process parameters. It is evident from figure 2 that the width of the channel 

decreases and depth increases as PI increases. The images in figure 3 indicate that as SS increases the depth increases and width 

decreases. 

 

         
(a)           (b)                       (c) 

Fig 2: Images of micro-channels for Pulse Intensity (a) 50% (b) 70% and (c) 90%, for constant Scanning Speed 70%, and Pulse 

Frequency 30% taken from Digital Microscope. 

                      
                                             (a)                                                                                 (b) 

                        
                                               (c)                                                                               (d) 
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Fig 3: Images of micro-channels for Scanning Speed (a) 30% (b) 50%, (c) 70%, and (d) 90% for constant Pulse Intensity 70%, and 

Pulse Frequency 30% taken from Digital Microscope. 

The images taken from 3-D Profilometer as shown in fig 4 indicates that as the PF increases the visibility of microchannels  are poor. 

 

 

 

 

 

 

 

(a)                                                                     (b)  

 

 

 

 

 

 

 

 

 

 

  

 

(c)                                                                    (d) 

 

  (c)   

  

 

 

 

 

 

 

                               (e)                                                                                                  (f) 

Fig 4: 3D Images of micro-channels (a)SS 30%, PI 50% and PF 30% (b) SS 70%, PI 70% and PF 30%  (c) SS   

70%, PI 70% and PF 70% and (d) SS 90%, PI 90% and PF 90%, (e) SS 30,PI 50,PF 50  (f) SS50,PI 90,PF 90 

   

Table 2 Experimental results with Input control  variables 
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Digital 
Micrometer 

3D Optical Profilometer 

SL No SS % PI % PF % Width (ɛm) Depth (ɛm) 

1 30 50 30 35 7.402 

2 50 50 30 30 7.054 

3 70 50 30 38 6.675 

4 90 50 30 28 3.867 

5 30 70 30 60 8.860 

6 50 70 30 60 7.860 

7 70 70 30 43 7.780 

8 90 70 30 43 7.213 

9 30 90 30 65 9.894 

10 50 90 30 72 8.832 

11 70 90 30 62 8.325 

12 90 90 30 60 7.901 

13 30 50 50 41 7.330 

14 50 50 50 37 7.810 

15 70 50 50 26 5.190 

16 90 50 50 37 3.712 

17 30 70 50 53 8.901 

18 50 70 50 58 7.120 

19 70 70 50 57 8.321 

20 90 70 50 50 5.013 

21 30 90 50 63 11.980 

22 50 90 50 56 11.690 

23 70 90 50 57 10.580 

24 90 90 50 60 9.865 

25 30 50 70 38 6.432 

26 50 50 70 39 4.010 

27 70 50 70 45 3.450 

28 90 50 70 34 3.123 

29 30 70 70 48 7.320 

30 50 70 70 48 6.890 

31 70 70 70 51 5.560 

32 90 70 70 42 5.345 

33 30 90 70 70 9.986 

34 50 90 70 58 9.894 

35 70 90 70 57 8.523 

36 90 90 70 57 7.860 

37 30 50 90 31 7.356 

38 50 50 90 34 7.032 

39 70 50 90 20 6.867 

40 90 50 90 18 5.899 
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41 30 70 90 56 8.245 

42 50 70 90 45 9.420 

43 70 70 90 48 7.986 

44 90 70 90 49 6.896 

45 30 90 90 66 11.045 

46 50 90 90 58 10.891 

47 70 90 90 56 10.590 

48 90 90 90 53 9.874 

3.1 Micro-channel depth 

With the help of Table 2ôs results obtained for micro-channel depths, the influence of the scanning speed and the pulse intensity on the 

depth dimensions is summarized in figure 5. 

 

Fig 5: Influence of scanning speed and pulse intensity on depth dimension 

The trend lines in figure 5 shows that higher scanning speeds produce smaller depths and higher pulse intensities produce in deeper 

micro-channels. Higher pulse intensities and lower scanning speeds result in deeper micro-channels because the surface is machined 

with high energy for longer time, which allows a large amount of energy to be absorbed by the work-piece. So figure 4 explains that 

for higher depths, higher pulse intensity values would be necessary.  

Table summarizes the result of the ANOVA revealing that  the significant factors for the average depth of micro- channels are pulse 

intensity and scanning speed.(p<0.05). The F value indicates that the pulse intensity is the most significant factor, which is made clear 

by the contribution value. 

                   Table 3: ANOVA Result for 3 D optical profilometer depth 
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  Sum of   Mean F P   

Source Squares DOF Square Value Value 
Contribution 
(%) 

A-SS 36.2 1 36.2 28.81  0.0001 21.688335 

B-PI 130.09 1 130.09 103.55  0.0001 77.9402073 

C-PF 0.62 1 0.62 0.49 0.4862 0.37145767 

Residual 55.28 44 1.26       

Cor 
Total 

222.19 47       
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3.2 Micro-channel width 

 

 

Fig6: Influence of scanning speed and pulse intensity on width dimension 

The table 2 presents width dimension that range from 18 to 72 µm. Figure 6 shows how the scanning speed and the pulse intensity 

affect the width. The trend lines in figure 6 shows that higher scanning speeds produce smaller width. Thus, as the channel becomes 

deeper, the width becomes greater. 

 

 

 

 

 

 

 

Table 4: ANOVA Result for width 

 

The table 4 summarizes the result of the ANOVA revealing that all the factor (Scanning speed, pulse intensity and pulse frequency) 

have significant influence on the width (p<0.05) in contrast to Teixidor, Grzenda et al [1]. The experimental results shows that the 

significant importance of pulse frequency. The F value indicates that the pulse intensity is the most significant factor followed by 

scanning speed and pulse frequency. 

Conclusion 

The study reveals that Fibre-laser machining process is suitable for fabricating micro-channels. In this study, dimensional features and 

the productivity of micro-channels have been studied. Although the results obtained for the micro-channels present variations, they do 

suggest that laser machining is capable of producing micro-geometries. Several specific conclusions should be pointed out: 
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  Sum of   Mean F P   

Source Squares DOF Square Value Value Contribution (%) 

        

A-SS 426.67 1 426.67 13.8 0.0006 6.45880576 

B-PI 6022.53 1 6022.53 194.75  0.0001 91.1672989 

C-PF 156.82 1 156.82 5.07 0.0294 2.37389533 

Residual 1360.65 44 30.92       

Cor 
Total 

7966.67 47 
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1. Low scanning speeds and high pulse intensities increase the depth and decrease the width of the micro-channels. 

2. The surface quality of the channels improves with a rise in scanning speed, and surface quality improves with at lower Pulse 

Frequency. 

3. Laser micromachining productivity increases with high pulse intensities and low scanning speeds. 

4. ANOVA results show that PF is also statistically significant along with PI and SS for the responses under study of width of micro 

channel.  

5. ANOVA results show that PF is statistically insignificant for the responses under study of depth of micro channel. 

 

Future work will consider other AI techniques for validation of study, such as ensembles of classifiers or regressors. These ensembles 

are built by combining different basic classifiers that could improve final model accuracy. Non-linear models will also be tested, such 

as non-linear regressors, to ensure that any interaction effect is taken into account and evaluated. 

Further, the rate of heat transfer can also be studies and modelled for better understanding the response of micro-channels under 

various parameters. 
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AbstractïIn the context of depletion of fossil fuels, evar increase of pollution levels with fossil fuels, search for alternative fuels has 

become pertinent. Vegetable oils are important substitutes for diesel fuel as their properties are comparable to diesel fuel. 

Investigations were carried out to study exhaust emissions  of diesel engine with air gap insulated low heat rejection (LHRï2) 

combustion chamber consisting of air gap insulated piston with 3 mm air gap, with superni (an alloy of nickel) crown and air gap 

insulated liner with superni insert with varied injector opening pressure. Exahsut emissions [ particulate emissions and nitrogen oxide 

levels] were determined at various values of brake mean effective pressure (BMEP) of the LHRï2 combustion chamber and compared 

with neat diesel operation on conventional engine (CE) and vegetable oil operation at similar operating conditions. Engine with LHRï

2combustion chamber with vegetable oil operation showed reduction of particulate emissions at manufacturerôs recommended 

injection timing of 27o bTDC, and these emissions decrased  marginally with increased injector opening pressure n comparison with 

CE with diesel and vegetable oil at 27obTDC. However, LHR-2 engine drastically increased nitrogen oxide levels in comparion with 

conventional engine with vegetable oil.  

 

Index Termsï Alternative fuels, Vegetable oil,  Exhasut emissions,  Particulate Emissions, Nitrogen oxide levels,  Conventional 

engine, LHR engine, Injection pressure. 

 

1.INTRODUCITON  

Non-edible vegetable oils can be seriously considered as alternative fuels for engines as their properties are comparable to diesel fuels 

and also edible oils are in great demand and are far too expensive as fuels.  When Rudolph Diesel, first invented the diesel engine, 

about a century ago, he demonstrated the principle by employing peanut oil and hinted that vegetable oil would be the future fuel in 

the diesel engine [1]. Several researchers experimented the use of vegetable oils as fuel on conventional engines (CE) and reported 

that the performance was poor, citing the problems of high viscosity, low volatility and their polyunsaturated character causing the 

problems of piston ring sticking, injector and combustion chamber deposits, fuel system deposits, reduced power, reduced fuel 

economy and increased exhaust emissions [1]ï[8].  The presence of the fatty acid components greatly affects the viscosity of the oil, 

which in turn affect the wear of engine components, oil consumption, fuel economy, hot starting, cold starting, low temperature 

pumpability, noise and shear stability.  The limitation of unsaturated fatty acids is necessary due to the fact heating higher unsaturated 

fatty acids results in polymerization of glycerides. This can leads to formation of deposits or to deterioration of lubricating oil. The 

different fatty acids present in the vegetable oil are palmic, steric, lingoceric, oleic, linoleic and fatty acids [1]. These fatty acids 

increase particulate emissions and also lead to incomplete combustion due to improper airïfuel mixing. Studies were made with single 

cylinder, four-stroke water cooled direct injection diesel engine, with 3.68 kW brake power at a speed of 1500 rpm with a compression 

ratio of 16:1 with vegetable oils with varied injector opening pressure and injection timing.[ 5]-[6]. The injection timing was varied by 

inserting copper shims in between pump body and engine frame, while change of injector opening pressure was achieved by using 

nozzleïtesting device. At manufacturerôs recommended injection timing of 27o bTDC, particulate emissions increased by 56%, while 

nitrogen oxide (NOx) levels decreased by 18% with crude vegetable oil when compared with neat diesel operation on conventional 

engine. Particulate emissions decreased by 15ï20%, while NOx levels increased by 15ï20% with conventional engine with crude 

vegetable oil operation with an increase of injector opening pressure of 80 bar, when compared with neat diesel operation.  

Experiments were conducted on preheated vegetable oil in order to equalize their viscosity to that of pure diesel may ease the 

problems of injection process [5]ï[6]. Investigations were carried out on conventional four stroke diesel engine, 3.68 kW at a speed of 

1500 rpm with preheated vegetable oil with varied injection timing and injection pressure. They  reported that preheated vegetable oil 

at 27o bTDC, decreased particulate matter emissions by 8ï9%, NOx emissions by 5ï6%, when compared with normal vegetable oil.   

Increased injector opening pressure may also result in efficient combustion in compression ignition engine It has a significance effect 

on the performance and formation of pollutants inside the direct injection diesel engine combustion. Experiments were conducted on 

conventional four stroke diesel engine, with neat diesel operation with increased injector opening pressure. [9]ï13]. They reported that 

particulate emissions decreasd while NOx levels increased with an increase of injection pressure.  

Experiments were conducted on conventional four stroke diesel engine, 3.68 kW at a speed of 1500 rpm with vegetable oil operation 

with increased injector opening pressure. They reported that performance of the engine improved with increased injector opening 

pressure with vegetable oil operation.[5]ï[6]. It decreased particulate emissions by 20ï22% and increased NOx levels by 10ï14% with 

an increase of injector opening pressure by 80 bar.    
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