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ABSTRACT 

This report basically discusses the Failure Analysis Study on Cutter Blade of 

Polypropylene Pelleter Drive. The objective of the project is to conduct failure 

analysis method on the cutter blade and to determine the causes of its failure. This 

report also discuss on the types wear and its wear mechanism. In this study, the 

author had obtained the cutter blades and background data of the sample. The author 

had conducted visual inspection of the sample, Vickers hardness test and 

microscopic inspection under optical microscope and scanning electron microscope 

or SEM. The result obtain from this study confirms that the blade materials is 

Titanium Carbide, high wear resistance material but brittle. This material data are 

obtained from the manufacturer datasheet. During preliminary stage, the samples 

show excessive and uneven wear on its cutting surface, some of the blades had 

chipped at titanium carbide tip. The chipped samples are selected and cut using 

electric discharge machining to obtain its cross section. These samples then are 

mounted to berkelite press then grinded and polished for microscopic evaluation. 

Microscopic inspection reveals the materials have voids in its microstructure. These 

voids tend to reduce its strength and the tip can break easily upon impact. 

Fractography result shows the tip fractures when being hit by foreign particles, the 

fractures are consistence with the cutting path of the blades. Mechanical testing 

using Vickers Hardness Test, the result obtained is Hv=797. The excessive wear on 

the cutter blades is suspected from poor operating procedure. During high melt 

index, polymer tends to produce tailings. To counter this problem the operator need 

to advance the pelleter rotor forward to the die plate. This resulting higher contact 

force and high wear rate. Lack of proper monitoring of cooling water entering the 

chamber may have lead to the chipping of TiC tip, debris may have come in between 

the blades during operation and collide with the tip. During cleaning of the chamber, 

the author had found sand inside the chamber. The outcome of these studies will 

provide recommendations in term of modifYing operating procedure and installing 

device to prevent from entering the pelleter assembly. 
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CHAPTER I 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

During the author's 8-month of industrial internship period at Rotating Section, 

Plant Maintenance Department of MTBEIPP (M) SDN. BHD. The author involves 

in the replacement of set of cutter blades attached to the pelleter drive unit. 

The blades is a bimetallic type with the tip holder is made from stainless steel and 

bonded with titanium carbide tip (refer to APPENDIX 1, material section). These 

sets of blades are mounted to the pelletizer drive rotor as shown in Figure 1. 

Figure 1: Cutter blades attached to the pelletizer drive rotor. 



The pelletizer drive is used to cut polypropylene melt into small pellets inside a 

chamber circulated'" ith pellet cooling \Vater. Pellets produced are carried along with 

cooling water and then dewatered and dried. 

For the cutting action become possible. the blades must rotate against the die plates 

"'here the melt pol) mer is pushed through the nozzles. The blades must make 

contact with the die plate (refer to APPENDIX 2). The die plate also is made made 

from titanium carbide. This is an operating requirement by the manufacturer and 

shall not be altered or the pellet will become out of specification. 

Figure 2 to 5 shows the schematic drawings of the overall pelleter drive assembl) 

and its subcomponents. 

Figure 2: Overall assembly of pelletizer unit; pellet cooling water chamber windo\v 

and DC motor drive end assembly1
• 
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Figure 3: Detail \ie\\ of the position of cutter blades and the die plate. 

Figure 4: Cutter blades rotor on pelletizer drive attached to the drive carriage-. 
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Figure 5: Cutter blades on pelletizer drive rotor assembl/. 

4 



1.2 PROBLEM STATEMENT 

Thorough visual inspection performed on the used cutter blades; there were obvious 

wearing and chipping marks on every cutter blades. Although the blades are usually 

discarded and replaced with the new set, we still need to know whether the cause of 

the failure comes from the blade itself or from an external source. 

1.3 OBJECTIVE 

The main objective of the study is to perform failure analysis on the cutter blades of 

Polypropylene pelletizer drive unit in order to find the root cause of the failure. 

1.4 SCOPE OF STUDY 

The scope of work for this project is to focus on failure analysis methods that 

involve metallographic inspections mechanical testing, fractography and root cause 

analysis. Metallographic inspection will check for grain boundaries and features of 

the sample at microscopic level to find out any sign of failures. Mechanical testing 

will check for Vickers hardness to determine its wear resistance. Fractography will 

check for metal failure propagation. Finally root cause analysis to come out with 

theory of how the failure occurs based on evidence and past history of any similar 

failure which has been recorded. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 CUTTING TOOL MATERIALS 

The selection of the cutting tools materials for a particular application is among the 

most important factors in the machining process3
• Consequently a cutting tool must 

possess the following characteristics: Hardness, particularly at elevated temperatures 

(hot hardness), so that the hardness, strength, and wear resistance of the tool are 

maintained during cutting operations. 

Toughness, impact forces on the tool in interrupted cutting operations or due to 

vibration and chatter during machining do not chip or fracture the tool. Wear 

resistance, is an acceptable tool life is obtained before the tool is replaced. Inertness, 

for any adverse chemical reactions contributing to tool is avoided. 

2.1.1 Carbon and Medinm Alloy Steels 

Inexpensive and easily shaped and sharpened, these steel do not have sufficient hot 

hardness and wear resistance for cutting at high speed, the hardness of the carbon 

steels decreases as the temperature increases3
• Consequently, the use of these steels 

is limited to low speed cutting operations. 

2.1.2 High Speed Steels (HSS) 

These steels were developed for cutting at higher speeds. These steels are the most 

highly alloyed of the tool steels, can be hardened to various depth, have higher 

resistance to fracture, high toughness and good wear resistance. There are two basic 

types of HSS: molybdenum (M series, I 0% molybdenum) and tungsten (T series, 

12% to 18% tungsten). HSS can be coated to improve performance3
. 
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2.1.3 Cast Alloys 

Cast Alloys have the following composition: 38% to 53% cobalt, 30% to 33% 

chromium, and 10% to 20% tungsten. Because of high hardness (typical 58 to 

64HRC), they have good wear resistance and can maintain their hardness at elevated 

temperatures, they are not as tough as high speed steels and are sensitive to impact 

forces 3
• 

2.1.4 Tungsten Carbide 

Tungsten carbide (WC) is a composite material consisting of tungsten-carbide 

particles bonded together in a cobalt matrix. These tools are manufactured with 

powder metallurgy techniques3
• 

2.1.5 Titanium Carbide 

Titanium carbide (TiC) has higher wear resistance than tungsten carbide but is not as 

tough. With a nickel-molybdenum as the matrix, TiC is suitable for machining hard 

materials, and for cutting at speeds higher than tungsten carbide3
• 

2.1.6 Titanium Nitride Coating 

Titanium nitride coatings have low friction coefficients, high hardness, resistance to 

high temperature, and good adhesion to substrate3
• These coatings greatly improve 

the life of high speed steel tools, as well as the lives of carbide tools and cutters. 

Titanium coated tools usually gold in color. 

2.1.7 Titanium Carbide Coating 

Titanium carbide coatings on tungsten carbide tools have high .flank resistance when 

machining abrasive material3
• 

2.1.8 Ceramics (Al20 3) Coating 

Ceramics coating are used because of their chemical inertness, low thermal 

conductivity, and resistance to high temperature, however oxide coatings generally 

bond weakly to the substrate3
• 
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2.1.9 Multiphase Coatings 

The desirable properties of the coatings can be combined and optimize with the use 

of multiphase coatings. Carbide tools may available with two or three layers of 

coatings. For example, first layer TiC over the substrate, followed by Ab03 and then 

TiN. The first layer should bond well with the substrate; the outer layer should resist 

wear and have low thermal conductivity. The intermediate layer should bond well 

and compatible with both layers3 

2.1.10 Diamond Coated Tools 

Polycrystalline diamond is used as a coating for cutting tools particularly on 

tungsten carbide and silicon nitride. Thin film diamond is deposited on substrate 

with PVD and CVD techniques. While thick film diamond are obtained by growing 

large sheet of pure diamond , which then is laser cut to shape and brazed to a carbide 

shank. 
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2.2 WEAR TYPES AND MECHANISM 

In materials science, wear is the erosion of material from a solid surface by the 

action of another substance. The study of the processes of wear is part of the 

discipline of tribology. There are five principal wear processes: Adhesive wear, 

Abrasive wear, Surface fatigue, Fretting wear and Erosion wear 

The definition of wear does not include loss of dimension from plastic deformation, 

although wear has occurred despite no material removal. This definition also fails to 

include impact wear, where there is no sliding motion, cavitation, where the counter 

body is a fluid, and corrosion, where the damage is due to chemical rather than 

mechanical action. 

Wear can also be defined as a process in which interaction of the surfaces or 

bounding faces of a solid with its working environment results in dimensional loss 

of the solid, with or without loss of material. Aspects of the working environment 

which affect wear include loads such as unidirectional sliding, reciprocating, rolling, 

and impact loads, speed, temperature, type of counter body (solid, liquid, or gas), 

and type of contact (single phase or multiphase, in which the phases involved can be 

liquid plus solid particles plus gas bubbles). 
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2.2.1 Abrasive Wear 

Abrasive wear occurs whenever a solid object is loaded against particles of a 

material that have equal or greater hardness. There are several different mechanisms 

of abrasive wear acting onto the surface, all of which have different characteristics. 

2.2.2 Mechanism of Abrasive Wear 

It was originally thought that abrasive wear by grits or hard asperities closely 

resembled cutting by a series of machine tools or a file. However, microscopic 

examination has revealed that the cutting process is only approximated by the 

sharpest grits and many other more indirect mechanisms are involved. The particles 

or grits may remove material by micro-cutting, micro-fracture, pull-out of individual 

grains4 or accelerated fatigue by repeated deformation (Figure 6). 

The first mechanism is cutting (Figure 6a), represent the classic model where a sharp 

grit or hard asperity cuts the softer surface. The material which is cut is removed as 

wear debris. When the abraded material is brittle, e.g. ceramic, fracture of the worn 

surface may occur (Figure 6b ). In this instance wear debris is the result of crack 

convergence. When a ductile material is abraded by a blunt grit then cutting is 

unlikely and the worn surface is repeatedly deformed (Figure 6c ). ln this case wear 

debris is the result of metal fatigue. 

The last mechanism is grain detachment or grain pull-out (Figure 6d). This 

mechanism applies mainly to the ceramics where the boundary between grains is 

relatively weak. In this mechanism the entire grain lost as wear debris. 
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a) Cutting 

• Dutction of abra:.ion 

c) Fatigue by repeated ploughing 

Figure 6: Meehan ism of abrasive wear4
. 

2.2.3 Cutting 

• Direct tOn of abrasiOn 

b) Fracture 

Direction of abras1on 

d) Grain pull-out 

Abrasive \\ear is relative!: ne'' since. liJ..e all forms of wear. the mechani..,ms of 

abrasive v\car are hidden from vie\\ b) the materials themselves. The development 

of the '>Canning electron microscope has provided a means of looJ..ing at some 

aspects of abrasive \\ear in closer detail. In one stud)' a rounded st) Ju.., ''as made to 

traverse a surface while under observation of SLM. In another stud/' a pin on disc 

\vear rig v\as constructed to operate inside the SCM. to allov-. direct observation., of 

\\ear. Two basic \\ere revealed. a cutting mechanism and a wedge build up 

mechanism "ith flaJ..e I iJ..e debris5
. This latter mechanism. called ploughing "a., 

found to be less enicicnt mode of metal removal. In a separate stud) \\ith a similar 

apparatus it was found that random plate-liJ..e debris \vare formed b) a St) lu-. 

'>Cratching cast iron7
• 

rhc geomctr) of the grit also affects the mechanism of abrasive \\ear. It has been 

observed that a st) Ius "ith a fractured surface containing man) micro-cutting edge., 

remove'> far more material than unfractured pyramidal or spheroidal st) lusess. 

~imilarly. a grit originating from fresh!) fractured material has man: more micro­

cutting l.!dges than a worn grit which has only rounded edge'>. 
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Beneath the \Urface of th~: abraded material. considerable plastic deformation 

occur<; 1 1 
• lhi'> proces'> i"> illustrated in Figure 7. 

Figure 7: ~ubsurface deformation during passage of a grit9
. 

2.2A Fatigue 

The repeated strain by grits deforming the area on the -.urface of a material can also 

cause metal fatigue. Detailed evidence for sideways displacement of material and 

the subsequent fracture has been found 11
• \\-ear by repeated sidC\\ays displacement 

of material would also be a relative!) mild or slO\\ form o1 abra<;ive \\ear since 

repeated deformation is necessaf) to produce a wear particle. 

2.2.5 Fracture 

Visual e\ idencc of abrasive \\ear b) brittle fracture was lound b) stud) ing the 

subsurface crack generation cause b> sharp indenter on a brittle transparent solid 2 

a'> illustrated in Figure 8. 

There arc three modes of cracking12
• vent cracks propagating at 30° to the \Urface. 

localiLed fragmentation. and deep median crack. \\-hen grits move successfully 

acros'> the surface. the accumulation of cracks can result in the release of large 

quantities of material. Brittle fracture is favored by high load.;; acting on each grit. 

sharp edge-, on the grit. as \\ell as brittleness of the substrateD. 
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a) 100 N (load) 

b) 140 N (load) c) 180 N {load) 

d) 1b6 N (load) e) 500 N (load) 
Figure 8: Generation of cracks under an indenter in brittle solid 1 

'. 

2.2.6 Grain Pull-Out 

Grain detachment or pull-out is a relative I) rare form of wear \\hich is main I) found 

in ceramics. This mechanism of wear can become extreme!; rapid \\hen inter-grain 

bonding is weak and grain siLe is large. 
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2.2.7 Modes of Abrasive Wear 

The way the grit passes over the worn surface determines the nature of abrasive 

wear. There are two basic modes of abrasive wear which are two-body and three -

bod) abrasive \>\ear. Unti l recently these tv. o modes are thought to be ver) similar. 

however some significance differences have been revealed 14
• The two-body and 

three-body modes of abrasive wear are illustrated in Figure 9. 

Two-body mode 

Rollmg 
Gritl; = Bodr 3 

Figure 9: Two and three-bod) modes of abrasive wear14
• 
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2.2.8 Two-Bod) Abrasive Wear Mode 

Tv.o-bod; abrasive \\Car is e:\cmplitied b) the action of sand paper on a surface. 

Hard asperities or rigidit) held grits pass over the surface like a cutting tool. This 

mode of \\Car removes surface material much faster than the three-body wear. T\\0-

bod) abrasive \'vear corresponding closel; to the cutting tool model of matertal 

removal. 

2.2.9 Three-Body Abrasive Wear Mode 

In three-bod) abrasive \\ear the grits are free to roll as well as slide over the surface. 

since the) are not hold rigid I). Three-bod; abrasive wear is ten times slower than 

two-bod) ''ear since it has to compete with other mechanism such as adhesive 

\\car 15
• Properties such as hardness ofthe backing wheel. \\hich forces the grits onto 

a particular surface. inYolves slower mechanisms of material removal. though very 

little is known about the mechanisms involved 1
h. It appears that the worn material is 

not removed by a series of scratches as is the case v\ ith two-bod; abrasive "car. 

Instead. the worn surface displays a random topograph) suggesting gradual removal 

of surface la)ers by the successive contact of grits 17
• 

2.2.10 Erosi\e Wear 

r rosive v\car is caused b; the impact of small particles of solid or fluid against the 

surface of an object11
• Erosi\'e wear occurs in machineries such as damage to 

compressor blades of a turbocharger when it ingested road debris. and the ''ear of 

pump impellers. 

2.2.11 Mechanism of Erosive Wear 

Erosive \\Car involves several wear mechanism which arc largel; controlled b) the 

particle material. the angle of impingement. the impact velocity. and the particle 

si1e1s. If the particle is hard and solid then it is possible that a process similar to 

abrasive wear will occur. Abrasion does not take place and the wears involved are 

the result of repetitive stresses on impact. l::\amples of erosion \\Car mechanism are 

shm\ n in Figure I 0. 
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• 
En'liHonb\ 
brittle fra~re 
~ 

Figure I 0: Mechanisms of erosion; a) abrasion at low impact angles. b) surface 

fatigue during low speed, high impingement angle impact, c) brittle 

fracture during medium speed, large impingement angle impact. d) 

surface melting at high impact speeds, e) macroscopic erosion with 

secondary effects 1 5
• 
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2.2.12 Angle oflmpingement 

The angle of impingement is the angle between the eroded surface and the trajectory 

of the particle immediately before impact. A low angle of impingement favors wear 

processes similar to abrasive wear because the particles tend to track across the 

surface after impact. 

2.2.13 Impact Velocity 

The speed of the erosive particle has a very strong effect on the wear process. If the 

speed is very low then stresses at impact are insufficient for plastic deformation to 

occur and wear proceeds by surface fatigue. When the speed is increased, it is 

possible for the eroded material to deform plastically on particle impact, wear may 

occur by plastic repetitive plastic deformation. If the eroding particles are blunt or 

spherical then thin plates of worn material form on the worn surface as a result of 

extreme plastic deformation. If the particles are sharp then cutting or brittle 

fragmentation is more likely. Brittle materials on the other, wear by subsurface 

cracking. At very high particle speeds melting of the impacted surface might even 

occur. 

2.2.14 Particles Size 

The size of the particle is also of considerable relevance and most of the erosive 

wear problems involve particles between 5 - 500J.lm 15
• 
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CHAPTER3 

METHODOLOGY 

3.1 FAILURE ANALYSIS APPROACH 

Failure analysis methods were utilized m this study. Several testing and 

examinations steps were used to study the failure of the blades. 

3.1.1 Background Data and Sample Selection 

At the beginning of the study, the author had collected the design and history data of 

the cutter blades. Design data collected consist of drawing design of the pelletizer 

assembly, pelletizer rotor assembly and operating manuals. The author manages to 

bring back a set of 20 used blades to study the failures. 

3.1.2 Preliminary Inspection 

Using visual inspection, preliminary examinations are done to determine the failures 

of the cutter blades. The condition of the specimens is determined, pictures of the 

specimen are taken and cleaning process is also done. 

18 



3.1.3 Microscopic Inspection 

Sample is prepared for microscopic examination; it will need to be cut, mounted, 

grinded, polished and etched. The sample will be inspected for grain boundary under 

the optical microscope (Figure 11 a) and scanning electron microscope (Figure 11 b). 

(a) (b) 

Figure 11: Microscopic Inspection: a) Optical microscope. b) Scanning Electron 
Microscope (SEM) 

3.1.4 Hardness Testing 

The sample is cut into square and mounted in pressed berkelite, then grinded until 
flat surface is obtained. Sample was tested with indenter test machine to obtain the 
Vicker hardness reading. The Vickers Hardness measurement principle is shown in 
Figure 12. 

.) 
" # 

'L ,., ... !> 
# ' • 

d2 
-i= - --. 
' 2 sin( 136°/21 

\\iuch can be appfOXlmated by evaluattng the sme term to g~~~e 

([l 

A~ 1.854 
where d ts the average length of the dtagonalleft by the tndenter Hence. 

Ilr -= F ~ 1.854F 
A tP 

Figure 12: Vickers Hardness measurement principle. 
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CHAPTER4 

RESULT AND DISCUSSION 

4.1RESULT 

In this chapter, results obtained at each stage are recorded. The stages involved are 

Background data and sample selection, preliminary inspection, microscopic 

inspection and mechanical testing. 

4.1.1 Background Data and Sample Selection 

The author went to MTBE/POL YPROPYLENE (M) SDN. BHD and collected 

samples of failed cutter blades along with documents covered from manufacturer 

operating manuals to startup and shutdown procedure. 

Based on the interview with the technician the failure was caused by the operating 

requirement of the pelletizing system which the blades must undergoes a process 

known as grinding. This process is to make sure an even contact surface between the 

blades and the die plate, both are made from titanium carbide. During operation or 

production, the blades must rotate and stay contact with the die plate. 

The wear rate of the blades depends on how much the pelletizer drive is pushed 

forward against the die plate, the forward length depends on the polymer melt index. 

If the forward length is not enough, the polymer will produce tails and may covers 

the whole blades reducing cutting capability and may produce unwanted resin size. 

This operating requirement make blades wear unavoidable and the blades are 

usually scheduled to be replaced every 2 - 3 month or when the allowable wear land 

reaches maximum of 4 mm. However, in uncertain event the blades chipped off 

during operation. This is the type of failure which needs attention throughout the 

study. Figure 13 and 14 shows the cutter blades mounted on its pelleter drive rotor. 
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Figure 13: New cutter blades mounted on the pelletizer drive. 

Figure 14: Close-up view of the cutter blade; titanium carbide tip (darker) bonded to 

stainless steel tip holder (lighter). 
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4.1.2 Preliminary Inspection 

Preliminary examinations were carried out by using visual inspection on the failed 

cutter blades. All the samples randomly selected at the site are examined visually to 

find which have excessive wear and chipped part. Cutter blades which have obvious 

chipping marks are selected to be used in the study, Figure 15 to 19 shows the failed 

part at the blades. 

Figure 15: Samples of the failed cutter blades; mixed of excessive wear and uneven 

wear land of cutter blades. 
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Figure 16: Uneven wear of the cutter blade. 

Figure 17: Chipped titanium carbide tip. 
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Figure 18: Close-up view of the chipped part. 

Figure 19: Top view of the chipped tip blade. 
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4.1.3 Microscopic Inspection 

Result from the optical microscopic inspection at the cross-section of the tip shows 

it undergoes grain pull-out wear near the cutting surface (Figure 20 to 22). 

Metallography inspection of TiC reveals the microstructure at different 

magnification, the TiC have many voids in its microstructure, small dark spots. 

These voids have an effect of reducing the strength of TiC tip (Figure 23 to 25). 

Observation under the scanning electron microscope reveals its microstructure in 

finer details (Figure 26 to 28). Fractography of the failed tip shows it had been hit by 

debris along its cutting path and undergoes brittle fractures (Figure 29 to 31 ). 

Figure 20: Cross section of the titanium carbide tip at magnification of SOX. 
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Figure 21: Titanium carbide tip at magnification of 1 OOX. 

Figure 22: Magnification of tip at 200X. 
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Figure 23: Microstructure of titanium carbide at IOOX magnification. 

-

Figure 24: Microstructure of titanium carbide at 200X magnification. 
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Figure 25: Microstructure oftitanium carbide at 500X magnification. 
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Figure 26: Titanium carbide microstructure observed under SEM at 500X. 
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Figure 27: Titanium carbide microstructure observed under SPv1 at I OOOX. 
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Figure 28: Titanium carbide microstructure observed under SLM at 1500X 
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WD = 21 mm 

.rigure 29: Fractured part of the blade observed under SEM. 

WD= 21 mm 

Figure 30: Tip fracture propagation is in line \\ith cutting direction. 
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Figure 31: Magnification of the fractured area shows TiC undergoes brittle t}pe 

fractures. 
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4.1.4 Hardness Testing. 

Sample of the blade are taken to Vickers Hardness test machine to obtain its 

hardness. The test carried out using 3 different degree of force which is 200N, SOON 

and I OOON. The machine makes and indentation onto the surface and the user need 

to measure diagonal section of the resulting indentation using microscope. The result 

for the samples are shown in Table l. 

Table 1: Vickers Hardness Test Result 

F=200N F=500N F=1000N 

1 2 3 1 2 3 1 2 3 

d1(um) 18.99 19.65 21.7 34.93 38.34 35.25 48.33 50.58 48.46 

d2(um) 20.36 21.8 21.67 33.36 36.32 35.97 46.65 48.62 48.05 

Hv 958.1 863.5 788.7 795.3 654.8 731.2 822.2 753.8 796.5 

Average 870.1 727.1 790.8 

Hv=796 
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4.2 DISCUSSION 

Results based on the background and sample collection stage provide useful 

information about the failure of the cutter blades. It is manufactured by Kobe Steel 

Company or Kobe leo in Japan. From the preliminary examinations, the cutter blades 

show severe wear, few blades are collected show some part had chipping marks. 

During the commissioning stage of the pelletizer, it requires the blades to be grinded 

against the die plate and also during operation, thus wear is unavoidable. The 

manufacturer recommends the blades must be replaced at interval within 2 - 3 

month of normal operation. 

The blades chipped part indicates that possibilities that foreign particles carried 

along with cooling water may have come in between the rotating pelletizer. First 

impression the tip fractured when it collide heads on with the debris. 

From the failure analysis study on to the blades, firstly mechanical testing which 

was conducted using Vickers Hardness test, the tip which is made from TiC shows 

an average Hv value of796 (Table I), which is very hard and brittle but high wear 

resistance. Evidence of wear resistance is that it must used to cut polymer while 

pressed at high force against TiC hardened die plate, and scheduled replace for 2 - 3 

month. 

TiC has very high wear resistance but low on impact resistance or toughness. 

Sudden impact on the tip can fracture it. Fractography of the blade tip observed from 

SEM, the tip break off consistent with brittle fracture, where the structure looks 

uneven, rough and follows the path of the objects which strike onto it. 



CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

The cutter blade tip is made from titanium carbide and manufactured by Kobe Steel 

Company Ltd. (Kobelco) of Japan. The samples indicate excessive wear and some 

of them had chipped tip. 

The excessive wear on the cutter blades is suspected from poor operating procedure. 

During high melt index, polymer tends to produce tailings. To counter this problem 

the operator need to advance the pelleter rotor forward to the die plate. This 

resulting higher grinding force and higher wear rate. 

Lack of proper monitoring of cooling water entering the chamber may have lead to 

the chipping of TiC tip, debris may have come in between the blades during 

operation and collide with the tip. During cleaning of the chamber, the author had 

found sand inside the chamber. 

5.2 RECOMMENDATION 

From this study, the author would recommend to continue using this type of blade 

but modify the incoming flow of cooling water by installing a strainer which can 

prevent debris from entering the chamber. 

To reduce wear, the author suggests reducing grinding force of the blade against the 

die plate but allowing the blade to rotate at high rotational speed to avoid polymer 

tailing. 

34 



REFERENCES 

[I] Schematic Drawing ofPelletizer Assembly, 1991, Kobe Steel Co. 

[2] Schematic Drawing ofPelleter Drive Rotor Assembly, 1991, Kobe Steel Co. 

[3] Kalpakjian, Serope, Manufacturing Engineering and Technology, Fourth 

Edition, 2001, Prentice-Hall. 

[4] M.V. Swain, Microscopic Observations of Abrasive Wear of Polycrystalline 

Alumina, Wear, Vol. 35, 1975. 

[5] T.Kayaba, The Latest Investigation of Wear by The Microscopic 

Investigations, JSLE Transactions, Vol. 29, 1984. 

[6] S.C. Lim and J.H Brunton, A Dynamic Wear Rig for The Scanning Electron 

Microscope, Wear, Vol. 101, 1985. 

[7] T.R Jr. Bates, K.C. Ludema and W.A. Brainard, A Rheological Mechanism 

of Penetrative Wear, Wear, Vol. 30, 1974. 

[8] S.K. Dean and E.D. Doyle, Significance of Grit Methodology m Fine 

Abrasion, Wear, Vol. 35, 1975. 

[9] M.A. Moore and R.M. Douthwaite, Plastic Deformation below Worn 

Surfaces, Metallurgical Transactions, Vol. 7 A, 1978. 

[10] J.M Challen and P.L.B. Oxley, An Exaplanation of the Different Regimes of 

Friction and Wear Using Asperity Deformation Models, Wear, Vol. 53, 

1979. 

[II] 0. Vingsbo and S. Hogmark, Wear of Steels, ASM Materials Science 

Seminar on Fundamentals of Friction and Wear of Materials, 4-5 October 

1980, Pittsburg, Pennsylvania, editor: D.A Rigney, Metals Park, Ohio, 

Pub!. ASM, 1981. 

[12] K. Phillips, Study of The Abrasive Grinding of Glass and Fused Silica, Ph.D 

Thesis, University of Sussex, United Kingdom, 1975. 
35 



[13] M.A. Moore and F.S. King, Abrasive Wear of Brittle Solids, Wear, Vol. 60, 

1980. 

[14] N. Emori, T. Sasada and M. Oike, Effect of Material Combination in 

Rubbing Parts on Three Body Abrasive Wear, .JSLE Transactions, 

Vol.30, 1985. 

[15] T. Sasada, M. Oike, and N. Emori, The Effects of Abrasive Grain Size on the 

Transition Between Abrasive and Adhesive Wear, Wear, Vol. 97. 1984. 

[16] R.W. Johnson, The Use of Scanning Electron Microscope to Study the 

Deterioration of Abrasive Papers, Wear, Vol. 12. 1968. 

[17] A. Misra and I. Finnie, A Classification of Three Body Abrasive Wear and 

Design of A New Tester, ASTM Int. Conf. on Wear of Materials, 

1979 Dearborn, Michigan, USA, editors: K.C. Ludema, W.A Glaser 

and S.K. Rhee. 

36 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

(H- i ) 

KOBE STEEL, LTD .. PELLETER 
KOBE JAPAN DATA SHEET 

CUSTOMER I TOYO ENGINEERING CORPORATION SHEET NO. 1/1 

LOCATION MALYSIA DATE Jun. 28. 1991. 

ill INDOOR 0 OUTDOOR REV. DATE LINE NO. 

ITE\1 NO. I z- 1 o 1 o I 
SUPPLIER I KOBE STEEL, LTD. 

SERVICE I PELLETER 

TYPE UNDER \VATER PELLETER I 
MODEL NO I UP-420 

OlE PLATE MATERIAL 

TYPE HEAT CHANNEL TYPE DIE PLATE STAIN~ESS STEEL 

HOLE DIA I 2. 3 mm DIE HOLDER I CARBON STEEL+CHROME PLATE 

NO OF HOLES 560 \VATER CHAMBER CAST STAINLESS STEEL 

SURFACE HARDENING TITANIUM CARBIDE DRIVE HOUSING CAST STEEL 

HEATING I HIGH PRESSURE STEAM CUTTER SHAFT I STAINLESS STEEL 

JACKET DESIGN PRESS. 5810 Kpa KNIFE TITANIUM CARBIDE 
(59. 3 kgf/ em' l 

DIE HOLDER KNIFE·HOLDER I STAINLESS STEEL 

HEATING HIGH PRESSURE STEAM KNIFE ADJUSTMENT 

JACKET DESIGN PRESS. 5810 Kpa PARALLELISM FOUR TIE RODS 
(59. 3 kgf/cm') 

CUTTER UNIT I CLEARANCE FINE ADJUSTMENT MECHANISM 

DRIVE ~IGNITOR I 90 k\V OPTION 

CUTTER SPEED I 130 - 1300 rpm I 

NO. OF KNI YES 20 pc' s 

MOVING METHOD AIR CYLINDER 

LUBE OIL SYATEM OIL BATH 

COUPLING TYPE SLIDE GEAR COUPLING 

I 
I 
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