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Summary

AFM is the most important process of finishing products and obtaining high surface quality. In
this research, the effect of magnetic field on the quality of surfaces resulting from the cutting
process was studied. In addition to the construction of experimental and mathematical models
based on Design of Experiment concepts were built.

The quality of surfaces resulting from AFM process were recorded to distinguish the
improvement of surface roughness and rate of metal removal during operation.

As two of the most important problems resulting from the process of cutting directly affect the
quality of the finished product.

The raw materials used in this study were identified as: 318 stainless steel, in addition to its
chemical composition and mechanical properties. Also, the specifications of the machine used
in this research and the devices used in the measurement processes. And the method of
calculating the weight of the material removed. sixteen experiments were conducted to study
the effect of three different variables: the number of operating cycles, the flow rate of the
plastic cutter, and the magnetic field strength on two performance parameters: the value of the
removed material, as well as the surface roughness resulting from the cutting process.

The design of the experimental plan was designed using the standard L16 orthogonal matrix of
Taguci method. As well as the average practical results recorded. The necessary graphs were
created. The magnetic field results were analysed in addition to the effect of various factors on
the cutting process such as: number of operating cycles, flow rate of plastic cutting material,
magnetic field strength on two performance parameters namely the value of the removed
material and the surface roughness resulting from the cutting process.

Mini Tab Version 17 was used to create the main effect drawings of the different variables on

the performance parameters in order to determine the most important variables. It was then
determined the effect of the different variables controlling the cutting process, and it was
investigated that magnetic field has a significant effect on surface processed by AFM.

Keywords:

Abrasive Flow Machining, Magnetic field effect on AFM.



Abstract

In this research, studding of the effect of adding a magnetic field around the workpiece in
abrasive flow machining has been addressed. Beside determination of effect between the
parameter of AFM and the magnetic field and the effect of it on metal removal rate and the
final surface finish.

It was investigated that magnetic field is a significant factor on Abrasive Flow Machining
process. Number of cycles conducted has showed a significant effect than media flow rate of

Abrasive Flow Machining process.



Acknowledgment

I would like to thank Prof. Dr. Mohamed Abdel Mohsen Mahdi for the support he
provided me in all stages of the study. | would also like to thank Professor Mohamed
Ahmed Awad for the support he provided me. Thanks also goes to Dr. Fouad Faraj
Mansour for his effort in completing the practical part of the study and then preparing

the thesis.

I also thank my colleagues Dr. Ahmed Al-Wardani, Dr. Yahya Al-Attar, Engineer
Muhammad Al-Tawil, and Engineer Amir for helping in completing the thesis, | do not
forget Professor Muhammad Abdu who was a good helper and remuneration. | also
thank my wife and son for providing psychological comfort for the successful
completion of the thesis. To my mother, sisters, and brothers may God bless them.
Finally, to my father Mohamed Sabry Elshimy, may God have mercy on him, may | not

disappoint your hope.



Table of Contents

STALEBIMENT ...t b e bbb bbbt e et bbb bbb ne e i
SUIMIMIAIY ..ottt e et e s te e st e e st e s be e s beese e teensees e e aseeseeeneenbeenteaneeanaeseeeneenreeneenee e ii
N 0L - Tod SRS \Y
ACKNOWIEAGMENL ... .o et e s te et esre e beeneeeseesteenaeaneenneens v
Table OF CONTENLS ... ..ttt e e e e e e e e e e e, Vi
LAST Of FIGUIES ..ottt sttt b et sbe e sbe e nreene s viii
5 ] ) 1= o) -SSR Xi
PaN 0] o) €cA 2P Un (o) s USRS Xii
LINTRODUCTION ...ttt b bbbttt e e 1
1.1 Background OF AFM ......ccv ottt ettt re e nne s 2
1.2 Problem StatemMENT.........coiiie e nreas 2
1.3THESIS OFQANIZALION .....eveeieeie ettt e et e e e reesteeseeanaesreeneenneas 2
2.LITERATURE REVIEW ....c.ooiiiiiiii ettt 3
2.1 AFM Parameters and Their Influence on Quality Characteristics ...........c.ccovvrvviveniene. 3
2.2 AFM Machinges ClasSifiCatioN .........c.ccoviiiieieieiese e 3
2.2.1SINQIE WAY AFIM PIOCESS: . .ecvveiiieieeieiieesieeieseesteetesreeseeaesseesteasaesseesseensessaesseeneesnens 3
2.2.2 DOUDIE WAY AFIM PIOCESS: ....oiuievieiieiieesieeiesiee sttt siee ettt steesae e e sbeeneeneeas 5
2.2.3 Orbital AFM TeCNNIQUE: ... .cveiieeiee ettt sre e nneas 5

2.3 Principle of Metal Removal MeChaniSm...........cccocviieieiiiiiieic e e 8
2.4 Process Modelling and OptimizZation ...........cccceviiieieenenie e 9
2.5 MONITOrING OF AFIM PIOCESS ....oeiuieieiiieiieeieseeseesie e seeste e saesteeseesraesaesneesnaesaaeneesnens 12
2.6 Media Composition and its EFFECT ..........cccoviieiieii e 13
2.7 Major Areas of Experimental Research in AFM ..o 15
2.8 Developments iN AFIM PrOCESSES ......ccuciveieieeiierieeieseesieseeseeseesseessaessesnsesseessssneessens 17
2.9 Industrial Applications OF AFM .........ccoiiiii i 21
3.EXPERIMENTAL DESIGN AND ANALYSIS ..ottt 23
3.1 TAgUCNT MEENOM: ...ttt nreas 23
3.2 TAGUCHI Design Of EXPEIIMENT .....ccciieieiieiieiie e seesiesie e sie e e sae e saeeneesneas 24
3.3 SIgNaAl t0 NOISE FALIO ....veeeiieieiiieiiee ettt st et be b nreas 25
3.4 TAGUCHI PrOCEUAUIE ....covieiieitieiteeie sttt sttt sttt et sae e nreas 25
3.4.1 Selection of orthogonal array (OA) ......cceeeeeieeiesie e 25
3.4.2 Data collection of eXperimentation .............ccooeeereenieie e 26



3.4.3 Analyzing of Experimental data ..........cccceevveieeieiieesi e 26

4. EXPERIMENTAL WORK ..ottt sttt 27
4.1 Material SEIECTION .......ouiiieiieee e ereas 27
4.2 AFM MACKINE ...ttt bbbt 2
4.3 TeSt SPECIMEN GEOMELIY ......eiuieeeitieitieieeieste ettt ettt et esreesbesneesbeesbeeneenreas 32
4.4 Response Parameters MEASUINNG.......coveueriieaieaiesieeiesieesteeie e steseesieestesneesseeseesneesnens 33

4.4.1 Measuring of Surface ROUGNNESS Ra.........cccevieiiiiiiiieesiese e 33
4.4.2 Measuring of Metal Removal ............coooiiiiiiii s 35
4.5 CONIIOL AESIGN ..ttt ettt r et e e e s beesbeeneenreas 36
4.6 AFM PrOCEAUIES ..ottt bbbttt bbbt 37
4.7 Process Operating Parameters.........cccooiiiiieeiienie ittt 38

5.RESULTS AND DISCUSSION ......cciiiiiiiitieieieiiese ettt st eeeenees 41
5.1 The effect of different process parameters on surface roughness...........ccccvvveerveriennnnn 41
5.2 The effect of number of cycles on surface roughness Ra ............ccoccevevenenienciinnnn, 43
5.3 The effect of number of cycles and magnetic flux on surface roughness Ra................ 44
5.4 The effect of medium flow rate and magnetic flux on surface roughness Ra............... 48
5.5 Typical results of ReSpONSE PAraMELErS.......c.cueiieiiiie et 53

5.5.1 Results of Metal removed of the SPECIMEN .........c.coceeiiiiiiie e, 54
5.5.2 Results of Surface Roughness improvement of the specimen ............ccccceveeienenn, 55
5.6 The effect of different process parameters on material Removal ..............ccccoevvennnen. 56
B.CONGCLUSIONS ...ttt ettt tesbesbesbeeneeneeneesee e 65
REFERENCES ..ottt bbbttt b bbbttt 66
N 0] 017 0 Lo SR 70
N o] 0T 00 D QPSR RSTR 70
N o] 01T 00 LG = OSSPSR PSRRI 78

Vii



List of Figures

Figure 2-1 Schematic drawing of one-way AFM machine ..........ccccccoviiiiinienniiiieen, 4
Figure 2-2 (a) Single way AFM machine, (b) Industrial application of one-way AFM

MACKINE. ...ttt st et et b e et e ne e nre e enes 4
Figure 2-3 DOUDIE WAY AFM .....coiiiieiiee ettt sne e nneas 5
FIgure 2-4 Orbital AFM........coi it nreas 6
Figure 2-5 Classification of major AFM research areas............ccoocevenveneieeieeneseennenn, 16
Figure 2-6 AFM with drill bit in the medium.........ccccoviieii i, 18
Figure 2-7 Industrial application 0f AFM PrOCESS ......cccvevveieieeriesieneesie e e esee e, 21
Figure 2-8 Application of AFM in exhaust COIECTOrS .........cccovvveveiieiieie e, 22
Figure 4-1 AFM MACNINE .....cvviieiiee ettt ne e 29
Figure 4-2 The cylinders iN @ tOP VIEW .......ccviveiieiesie s esie e esie st 30
Figure 4-3 Internal construction of the fIXtUre..........ccooiveiiii e, 30
Figure 4-4 schematic drawing of the AFM machine..........ccoccovveiiniininiiin e, 31
Figure 4-5 The test specimen shape and dimenSioN ...........ccoceveeieniinieie e, 32

Figure 4-6 The arranging and marking real-time of test specimens by different letters

E=1 1= SRR 33
Figure 4-8 Electronic balance ( Metler, LC 0.001 Q) ..ooovevvveiieiieieeieceeree e 35
Figure 5-1 Effect of different parameters on the surface roughness Ra outcome from

LI 10 0T T 1] SR 41
Figure 5-2 Effect of no. of cycles on Ra improvement at 15700 cm3/min...................... 42
Figure 5-3 effect of no. of cycles on Ra improvement at 20935 cm3/min..........c............ 43

Figure 5-4 The effect of number of cycles and magnetic field (at 0.02 T) on surface finish
L] T 0N =T o | SRS 44
Figure 5-5 The effect of number of cycles and magnetic field (at 0.04 T) on surface finish
L] T 0NV =T o SRS 45
Figure 5-6 The effect of number of cycles and magnetic field (at 0.06T) on surface finish
TMIPFOVEMENT ...ttt sttt sttt b e st e et e e st e st e et e s beenbe et e ereenbeeneeaneenae e 46
Figure 5-7 The effect of number of cycles and magnetic field on surface finish

TMIPFOVEMENT ...ttt sttt sttt b e st e et e e st e st e et e s beenbe et e ereenbeeneeaneenae e 47



Figure 5-8 Effect of media flow rate on Ra at two CYCIES..........ccceviiiiiiiniiiciccen 48
Figure 5-9 Effect of media flow rate on Ra at four CycCles ..........ccoovevvevviieiieic e, 48
Figure 5-10 the effect of medium flow rate on percentage of surface finish improvement
AL SIX CYCIBS ..ttt b ettt b bbbt e b ae e nreas 49
Figure 5-11 effect of medium flow rate on percentage of surface finish improvement at
BIGNT CYCIES .ttt a e nreas 50
Figure 5-12 Effect of medium flow rate and magnetic field (at 0.02 T) on surface finish
L] T 0NV =T o | SRS 50
Figure 5-13 Effect of medium flow rate and magnetic field (at 0.04 T) on surface finish
TMIPEOVEMENT ...ttt sttt et b et e et e ese e st e et e e bt e e be et e areenbeeneeaneenbe e 51
Figure 5-14 Effect of medium flow rate and magnetic field (at 0.06 T) on surface finish
TMIPEOVEMENT ..ttt ettt st e e bt e st e et e e st e sbe et e e beenbe et e sreenbeeneeaneenee e 52
Figure 5-15 The effect of medium flow rate and magnetic field on surface finish

L] T 0NV =T o | SR 53

Figure 5-16 Effect of different Parameters on the Metal Removal outcomes from taguchi

ANAIYSES 1.ttt e et re ettt ente e teere e reenreereenreennenres 56
Figure 5-17 Effect of no. of cycles on Ra improvement at 15700 cm3/min..................... 57
Figure 5-18 Effect of no. of cycles on Metal Removal at 20935 cm3/min...................... 57
Figure 5-19 Effect of media flow rate on MR at two CYCIeS ..., 58
Figure 5-20 Effect of media flow rate on MR at four CycCles..........ccooiiiiiiiiiicicnen, 59
Figure 5-21 Effect of media flow rate on MR at six no. of cycles ...........ccoovvviiiiinenn 59
Figure 5-22 Effect of media flow rate on MR at eight CyclesS ..........ccooovviiiiiiiiciinnnnn, 60

Figure 5-23 The effect of medium flow rate and magnetic field (at 0.02 T) on Metal
REMOVAL ...ttt sttt sttt nbe e e re e b e 61
Figure 5-24 The effect of medium flow rate and magnetic field (at 0.04 T) on Metal
REMOVAL ...ttt sttt sttt nbe e e re e b e 61

Figure 5-25 The effect of medium flow rate and magnetic field (at 0.6 T) on Metal



