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Abstract: During the injection molding procedure of plastics, the gear pumps in their work are exposed to the effect of elevated pressure 

and temperature. On one of these pump there has been frequent downtime due to breakage of the driven gear. Gears which were installed as 

standard spare parts had stood out in operation for three months. On a sample of a broken gear were perfomed laboratory examinations 

(metallographic examinations, hardness control on cross-section and surface of the fracture was examined). Conclusion was that it was high 

quench hardening of a steel of which a part is made, the most likely cause of the fracture of a standard gear. In order to extend the useful 

life, two test gear are made from steel for cementation 20MnCr5. By applying the appropriate parameters of thermal chemical treatment 

useful life of the gear is significantly extended, after which the test gears have worked for nine months from the moment of installation. 
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1. Introduction 

Machines for injection molding of plastics are used for 

making a great array of parts in the automotive industry, for 

making plastic parts of household appliances and making simple 

plastic elements [1]. Plastics are polymers which can be added 

various additives. Given the behavior of the application and 

processing, are divided into two categories, plastomers and 

duromers. Duromers are at the beginning of the process soft but 

during heating at an elevated temperature they irreversibly 

become a solid material. Further heating results in their 

thermodegradation. Plastomers are polymeric materials with 

linear and branched structure. They are soluble in the solvents 

and fusible. Heating to softening temperatures do not change 

their structure and therefore their processing includes reversible 

changes. At these temperatures they can be formed into desired 

shapes. The structure of plastomers can be amorphous or 

crystalline [1]. One of the most common methods of processing 

plastomers is injection molding. This is a procedure of fast 

injection of melted plastomer into tempered mold and 

solidification in the workpiece. There is a possibility of process 

automation that makes it suitable for mass production. Important 

components of these machines for injection molding are plastic 

pumps which allow the circulation of heated raw material. They 

are at work exposed to elevated pressures and temperatures. Gear 

pumps with external gear, especially a spiral, are often used 

because they are silent in operation. Tight tolerances in the 

bearings and shafts mounted on either side of the gear are 

enabling the achievement of operating pressures above 200 bar. 

The bearings with narrow tolerances of pumps are not suitable 

for high temperature application in the presence of abrasive 

media. Figure 1 shows schematically how gear pumps work. In 

the initial stage of operation, the gears on the inlet side of the 

pump affect the media and tend to stand by in the holes on the 

side of the pump housing. The media is traveling between the 

gear and the inside of the housing in the moving pockets without 

passing between gears. Gears displace the affected medium, 

through the outlet opening, under pressure. 

 

Figure 1 Schematic review of the pump for the transport of the polymer 

               heated at 20 °C. 

2. The properties of steel 20MnCr5 

Steel 20MnCr5 belongs to a group of steel for cementation. 

These steels represent a structural steels which after machining 

by particle separation are carburizing on the edge of the layer. 

After carburizing of the edge layer, by hardening is achieved high 

resistance to wear of the edge layers and the increased toughness 

of the non-carburized core [2]. Steels for cementation mainly 

contain from 0,1 to 0,2 % carbon before carburizing, and may be 

a non-alloyed or low-alloyed. The edge layer after process of 

carburizing contain from 0,8 to 0,9 % carbon, and with hardening 

is achieved hardness from 61 to 64 HRC. After the process of 

cementation carburized core remains a ferrite-perlite structure, if 

the material is not hardenabilitied. In the case of hardenability the 

low-carbon martensite is formed. Both of these microstructures 

are characterized by high toughness with high wear resistance. 

After the process of cementation the surface layers contain high-

carbon martensite. The most common application of steel 

20MnCr5 is in the production of gears, shafts and axles of 

machines, camshafts etc. [3]. Declared mechanical properties of 

steel 20MnCr5 are shown in Table 1 [4]. 

Table 1: Mechanical properties of steel 20MnCr5. 

Steel 

mark 
Properties 

20MnCr5 

Hardness, HB Rp0,2, MPa Rm, MPa A5, % 

152 ÷ 201 685 980 ÷ 1280 7 

3. Condition recording 

Following the cancellation of the gear pump for 

transportation of liquid polymer material, damaged driven gear, 

shown in Figure 2 was submitted to the Laboratory of the 

Institute of Engineering Materials, Mechanical Engineering 

Faculty in Slavonski Brod. A few of these gears, the drive and 

driven are exposed to the operating temperature of about 210 °C. 

Their task is to manage the rotation and provide transportation of 

liquid material formed by heating the secondary polymer 

granules. Part of the gear, on gear pump shown on side „B“ was 

broken after ≈ 3 months of work. This was one of the failures 

which have generally occured every 3 months after installing 

new, standard driven gear. Objective is that after completion of 

appropriate tests, based on the analysis of the results is noting the 

potential causes of the breakage. After that, taking into 

consideration the estimated cause of damage, it is possible to set 

the guidelines for the preparation of test driven gears. 
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Recording of the situation showed that on machines equipped 

with this type of pump usually comes to a breakage of driven 

gear of gear pumpsin the area of step-change from diameter of 

the shaft to diameter of the gear. Bearing of the gear is steel on 

steel with very tight tolerances and it is unfavorable in terms of 

wear [5]. One possible approach to extending the life of the gear 

is testing which steel with appropriate parameters of cementation 

can can satisfy the required conditions without breaking. 

 

Figure 2 Review of broken standard driven gear of the gear pumps. 

4. Selection of materials and parameters of heat 

    treatment 

The main requirement of the cementation process is to 

obtaining the materials of hard surface and tough core. After 

carburizing of surface, the hardening was perfomed. After 

hardening the core must remain tough [6]. The cemented layer 

was characterized by a martensitic structure in which maximum 

hardness can reach up to values 65 HRC [7]. In addition, the 

HV1 hardness flow rate is determined on the cross-section, by 

Vickers method with a load of 10 N. The received results can 

serve to determine the effective depth of the cemented layer 

according to the criterion Edc = 550 HV1 [8]. From CrMo steel 

for cementing, 20MnCr5, is made one test driven gear. That gear 

is built in to the pump gear and condition was recorded. After 9 

months in exploitation there was a fracture of that test gear. The 

plan for the experiment is to provide same tests on test sample of 

the gear and on samples of the broken standard gear. 

5. Experimental part 

On broken parts of the gear pump, visual control is 

performed for the insight of the current condition. Particular 

attention was paid to the control of the surface fracture on the 

side „B“, as shown in Figure 2. Then, using MC-80 cutter, 

pattern was cut out for continue testing. In order to preserve the 

existing situation material cutting is performed with intensive 

water cooling, Figure 3. 

 

Figure 3 Device for the samples cutting. 

Samples are prepared for determination of the chemical 

composition of the material using an optical spectrometer type 

Belec, Figure 4. This device allows the selective testing of the 

sample surface. In this way, with appropriate sample preparation, 

testing can be carried out both in the core and in the surface of 

the layer. Metallographic examinations were performed on the 

cross-section of the sample under different magnifications. 

Corrosion is performed with nital and microstructure of the core 

and edge of the samples was photographed by camera of the 

microscope. 

 

Figure 4 Device for the chemical analysis. 

6. Analysis of the results 

Breaking surface of the standard gear is shown in Figure 5.a. 

The characteristic appearance of the fracture surface indicates the 

presence of brittle fracture due to material fatigue. Place of origin 

of the initial break is not expressed. All over the outside diameter 

of the surface fracture can be seen zone formed by merging of 

multiple tiny breaks around the same size. These cracks have 

created a unique breakout area of annular shape. Look is 

characteristic for the first phase of breaks with the elements that 

are in operation torsionally burdened. The border between growth 

zone of the fracture and final fracture zone is not expressed. 

Breaking surface of the shaft of gear is shown in Figure 5.b. The 

characteristic appearance of the fracture surface indicates the 

presence of ductile fracture due to material fatigue. Place of 

origin of the initial breaks is expressed and indicated by an 

arrow. Similar to the previous sample, around the outside 

diameter of the fracture surface zone formed by merging of 

multiple tiny breaks around the same size (I) can be seen. The 

breaks of the formation zone (I) are converted into the border 

between growth zone (II) of the fracture and final fracture zone is 

clearly expressed (III). 

 
                            a)                                                       b) 

Figure 5 Review of fracture surface. 

               a) standard gear; 
               b) test gear 

 

Chemical analysis of the material was performed out on 

samples of one standard and one test gear. Test results are 

showed in Table 2. 

Table 2: Chemical composition of the gear after cementation. 
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Percentage, % 

C Si Mn S Cr Ni 
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0,219 0,255 0,917 0,041 0,975 0,864 

S
u

rf
ac

e 

0,639 0,305 0,956 0,014 0,966 0,764 

T
e
st

 g
ea

r C
o

re
 

0,197 0,305 1,088 0,026 1,077 0,123 

S
u

rf
ac

e 

1,064 0,413 1,224 <0,001 1,113 0,131 
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The results indicate that the standard gear is made of steel 

15CrNi6, while test gear is made of steel 20MnCr5. There is an 

increased content of carbon in the surface layer of samples. It has 

emerged as a result of the cementation. Hardness values were 

measured on the surface of broken part of standard and test gear, 

on side „B“. Measured by HRC. Standard gear values range 

between 57 to 59 HRC and in the trial between 56 to 58 HRC. 

Hardness values measured on the cross-section of the sample 

were determined using the method HV1. Results are shown in 

Figure 6. Results determined the effective depth of cemented 

layers, Edc. For a standard gear, Edc is approximately 2,4 mm and 

for test gear is 1,6 mm. The values obtained are within the limits 

expected for the observed steel. The course of hardness measured 

on cross-section of standard and test gear confirmed assumptions 

about the properties of the material from which they are made. 

 

Figure 6 A diagrammatic representation of hardness values on cross- 

               section of broken gear. 

Recording the characteristic microstructures of the standard 

and test gear was performed on a light microscope Leica DM 

2500 M, Figure 7. 

 

Figure 7 The light microscope Leica DM 2500 M. 

Characteristic appereance of microstructure of broken part of 

the standard gear is shown in Figure 8. Martensitic layer is 

noticed with some retained austenite. 

 
                    a)                                   b)                                  c) 

Figure 8 Microstructure of standard gear (nital etched 3 %). 

                a) edge layer, 100:1; 

                b) transition zone, 100:1; 
                c) transition zone, 500:1 

Characteristic appereance of microstructure of broken part of 

the test gear is shown in Figure 9. For it is noticed that the 

structure of the hardened layer in addition to martensite and 

bainite has some retained austenite. 

 
                    a)                                   b)                                   c) 

Figure 9 Microstructure of test gear (nital etched 3 %). 

                a) edge layer, 100:1; 
                b) transition zone, 100:1; 

                c) transition zone, 500:1 

7. Conclusion 

The analysis of the test results have found that the standard 

gears are made of steel 15CrNi6 which are thermochemically 

processed. Due to its characteristics, and taking into 

consideration the operating conditions in which pumps are 

installed, it was proposed to use less hardened steel 20MnCr5. 

The tests performed on the samples of the standard and the test 

gear, it was shown that steel 20MnCr5 after thermochemical 

treatment has a significantly different course of hardness of steel 

15CrNi6, diagrams in Figure 6. Despite a slightly lower hardness 

of the surface layer and less effective depth of the layers, because 

of the less hardened of the core, parts made of steel 20MnCr5 in 

the same operating conditions lasted 9 months. That is three 

times longer than standard gear life. Based on the control of 

working conditions of observed pump problems in the 

cancellation of the work may be connected with the manner of 

handling. At the (cold) start, soldified media should be previously 

warmed in the pump which remained after the previous stop. 
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