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 ABSTRACT  

The study was conducted in three phases. The first phase involved de-

signing (circular and rectangular) spike tooth harrow implement using 

SolidWorks software according to the required dimensions and meas-

urements. The second phase included testing and analyzing the stresses 

affecting the structure of the spike tooth harrow (circular and rectangu-

lar) under conditions similar to the field conditions in which the ma-

chine operates, using Inventor software and the Finite Element Method 

(F.E.M).The third phase involved field evaluation in a silty loam soil 

that had been plowed using moldboard plows, followed by Harrowing 

with those teeth to break up the clods of soil resulting from plowing 

and to assess their impact on the depth and of soil pulverization index. 

The results showed that the circular spike tooth harrow implement rec-

orded the highest values for maximum stress and principal stress, 

while the rectangular spike tooth harrow implement recorded the high-

est deflection value. The disc plow significantly outperformed the 

moldboard plow in recording the highest value for the of pulverization 

index, while the moldboard plow significantly outperformed the disc 

plow in recording the highest value for the depth of pulverization. The 

forward speed of (8.20) km/h significantly outperformed the forward 

speed of (13.02) km/h in recording the highest values for both the of 

soil pulverization index and the depth of pulverization. The rectangular 

tooths outperformed  in recording the less and best  value  the of soil 

pulverization index. The circular tooth outperformed  in recording the 

highest value  the of  the depth of pulverization. 
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 وعمق التفتيتالتربة تأثير نوعان من أشكال أسنان الأمشاط الزاحفة في مؤشر تفتيت 

 2عادل أحمد عبدالله رجبو  1سلطان جوهر دخيل عبد                               
 التربية الأساسية/ الشرقاط، جامعة تكريتقسم العلوم، كلية  1

 قسم المكائن والآلات الزراعية، كلية الزراعة والغابات، جامعة الموصل. 2

 الخلاصة 

بالسلاا  الااحةلة الرقل ةلرة  الأ اللل)اا د الدا ريلة أجريت الدارسة على ثلاثةِ مراحل،  الررحللةا الىللى يملرلة اللة ال ر لل  

الررحلة الثانلة فهي فحص ىيحللل،  لل مرلة ( حقب البعاد ىالةلاسالأ الرطلوبة Solidworksبرنامج دبواسطة ىالرق طللة ( 

الإجهادالأ الرؤثرة على هل)، الة ال ر ل  ىأساانها الااحةلة دالدا ريلة ىالرقل طللة( ىفلي  لرىب م لابهة لللرىب الحةل، ال لي 

( بالاع راد على قلة الإجهاد العللة F.E.Mةة العااصر الرحددة دىباس خدام طري Inventor)يعر، بها الآلة  بواسطة برنامج د

  أما الررحلة الثالثة فهي ال ةلللة الحةللي فلي يربلة مايغللة ةرياللة يلة حراث هلا بواسلطة الرحاريل  نحرابىالإجهاد الر لس ىالا

اثة ىمعرفلة ملدت ييثلرهلا فلي صلة ي عرل  الةلابة ىمن ثةَّ ير لطها بواسطة يلك الساا  ل ة لت ال) ، ال رابلة الااجرة عن الحر

أعللى قلرلة لهجهلاد العللة ىالإجهلاد  سلغلتالدا ريلة  اللة ال ر لل  بالسلاا  الااحةلة أ َّ ىدرجة ية لت ال ربة  أ هرلأ الا لا ج 

معاويلا    يةوق الرحراث الةرصي الةللا نحرابالة ال ر ل  بالساا  الااحةة الرق طللة أعلى قلرة له سغلتالر لس  في حلن 

أعلى قلرة لعر  ال ة لت  يةوقت يقغلله أعلى قلرة لدرجة ال ة لت  بلارا يةوق الرحراث الرطرحي الةلا  معاويا في  يقغللهفي 

أعللى قلرلة لدرجلة ال ة للت  يقغللها( كة / ساعة في 13.02( كة / ساعة معاويا على القرعة الماملة د8.20القرعة الماملة د

   فلرلا يةلوق القلن الرقل طل، فلي يقلغلله أقل،أعللى قلرلة عرل  ال ة للت يقلغللهالقن اللدا ر  معاويلا فلي ىعر  ال ة لت  يةوق 

 .قلرة لدرجة ية لت ال ربة  ىأفض،

 درجة ال ة لت ال)لرالأ الرة احلة: الة ال ر ل  بالساا  الااحةة الرق ةلرة  الل)اا دالدا رية ىالرق طللة( 

INTRODUCTION 

This spike tooth harrowing is equipment for secondary tillage, used immediately after 

primary tillage, especially with moldboard plows that penetrate, cut, lift, turn, and loosens or the 

soil. However, these plows leave a tilled surface with large clods and an uneven, undulating ap-

pearance, which is unsuitable for seedbeds. This is where secondary tillage soil treatment equip-

ment, particularly spike tooth harrow, play a crucial role. There are various types of this harrow 

with different tooth shapes, including horizontal rotary, disc, and spike types. The spike tooth 

Harrowing are designed to break up large soil clods through their creeping motion in tilled soil, 

with teeth arranged vertically and interleaved in rows, leading to the clods being compressed and 

fragmenting into smaller pieces both longitudinally and laterally. The tooth shape is one of the 

most significant factors affecting soil pulverization, and it is the component that researchers can 

control in design, especially regarding the thickness, length, width, curvature, and sharpness of 

the edges, primarily relying on the type and hardness of the metal used in manufacturing. 

Arranging the teeth vertically on the Harrowing machine structure ensures uniform depth 

of pulverization and enhances the pulverization process, whereas positioning them at a forward 

curve leads to excessive penetration, resulting in irregular depth and the sliding of soil clods 
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when colliding with the curved teeth, thus reducing their pulverization (Kurbanov, 2023). Caban 

et al. (2024) confirmed that spike combs with forward-curved teeth at a 45-degree angle record-

ed the highest stress values compared to vertical teeth due to deeper penetration into the soil, 

which increased soil resistance and, consequently, the stress exerted on the teeth. The use of 

moldboard plow reduces the actual need for high pulverization levels by Harrowing machines of 

in all its forms and types, as they stir and break the soil into smaller clods, resulting in lower pul-

verization levels. In contrast, disc plows, penetrate deeply into the soil, increasing clod size and 

thus raising the actual need for pulverization, which leads to higher pulverization levels (Patel, 

2023). The repeated passes of the spike tooth Harrowing machine with a pointed shape provided 

a suitable seedbed for barley and pea crops, positively impacting both the quantity and quality of 

production (Ogórek et al., 2019). Increasing the forward speed of the spike tooth Harrowing ma-

chine reduced the need for high pulverization levels due to the accelerated ejection and collision 

of soil clods with one another and the machine's teeth (Jishna et al., 2023). Therefore, the aim of 

this research is to conduct a theoretical stress analysis to determine the metal's capacity to with-

stand these stresses for the manufacturing of spike tooth Harrowing machines (circular and rec-

tangular) and to evaluate their performance in terms of depth and of pulverization index in soil 

tilled with two types of plows at two different speeds. 

 

MATERIALS AND METHODS 

The experiment was conducted during the autumn agricultural season of 2024 in a farm 

field located in the southern part of Nineveh Governorate, covering an area of 3 hectares, with a 

silty loam soil. A Turkish-made Massey Ferguson tractor (MF - 285S) was used, along with two 

types of plows (moldboard plow and disc plow) for soil tillage. Additionally, a locally manufac-

tured this spike tooth harrow implement with both circular and rectangular tooth was employed 

to break up soil clumps shown in the Figure(1). This machine was designed by the researcher 

according to the dimensions and measurements specified in Figures 2 and 3 and shown in a 

three-dimensional view in Figure 4, following a metal test conducted at the University of Mosul / 

College of Engineering / Mechanical Engineering Department laboratories. Table 1 shows the 

chemical composition and Table 2 presents the mechanical properties of the metal.  

               

Figure (1) picture of the combing machinery (A) with circular tooth and (B) with the rectangular. 
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Table (1): The chemical composition of the metal. 

No. Specimen C Mn Si Cr Mo Ni P S Ti V 
Grade Des-

ignation 

1 Circular Tooth 0.255 0.452 0.074 0.034 0.063 0.036 0.005 0.005 0.001 0.005 AISI 1025 

2 Rectangular Tooth 0.113 0.423 0.065 0.036 0.057 0.046 0.006 0.003 0.003 0.002 AISI 1010 

3 U-Shaped Metal 0.062 0.346 0.034 0.024 0.038 0.045 0.004 0.002 0.001 0.003 AISI 1005 

4 Square Metal 0.059 0.335 0.026 0.025 0.032 0.049 0.003 0.004 0.002 0.001 AISI   1005 

 

 

Table (2): The mechanical properties of the metal. 

No. Specimen 

Yield 

strength 

(MPa) 

Tensile strength 

(MPa) 

Hardness 

HRB 
Standard 

1 Circular Tooth 375 465 73 AISI 1025 CS 

2 Rectangular Tooth 298 375 60 AISI 1010 CS 

3 U-Shaped Metal 210 327 50 AISI 1005 CS 

4 Square Metal 215 334 53 AISI 1005 CS 

Note: The results indicated that the samples were made of carbon steel and comply with the specification (A512-17 

ASTM). 

 

 
 

 Figure (2): A vertical view indicating the number of rows, their arrangement, the external 

support of the structure, and its dimensions in millimeters (mm). 

 

 



Abd and Rajab TJAS Vol. 25, No.4: pp. 143-156 

 

147 

 

                                         

 

 

 

 

 

 

 

 

Figure (3): provides a side view showing the 

shapes of the circular and rectangular teeth, 

along with their dimensions in millimeters (mm) 

Figure (4): Represents my three-dimensional 

view combing machinery with circular tooth 

and with the rectangular 

 

The experimental field was divided according to a Randomized Complete Block Design 

(RCBD), and the Split Plot Design method (Dawood and Elias, 1990) was used to carry out the 

experiment. Thus, the study was factorial with three factors: the first factor being the moldboard 

plows types with two levels (moldboard plow and disc plow), the second factor being the forward 

speed with two levels (8.20 km/h and 13.02 km/h), and the third factor being the shapes of this 

teeth (circular and rectangular) spike tooth harrow. The study aimed to assess effects of two 

shapes of teeth spike harrow on soil pulverization index and pulverization depth on the following 

traits: soil pulverization index and pulverization depth. 

1. Stress:    The theoretical stress values were calculated for both the spike tooth harrow with the 

circular tooth shape and the spike tooth harrow with the rectangular tooth shape after applying 

forces and loads to each tooth under conditions that closely resemble the actual field conditions in 

which the harrow operates. The calculations were performed using the Inventor program, a spe-

cialized software for mechanical design and stress analysis through computer simulations based 

on the Finite Element Method (F.E.M). Figure 5 illustrates the mesh of nodes and finite elements 

this spike tooth harrowing with circular tooth shape and rectangular, where the maximum stress, 

principal stress, and resulting deformations due to the applied forces were determined. 

2. Pulverization Index : After collecting dry soil samples from the field, with three samples for 

each replicate, totaling 72 samples, the weight of each sample was measured using a METTLER 

TOLEDO balance, which is considered the total sample weight (𝑤�𝑡�). The samples were then 

placed in the top sieve and sieved in the laboratory using a KS10 shaker for 6 minutes through a 

series of sieves with varying mesh sizes (9.5, 4.75, 2.36, 1, 0.5, and 0.3 mm). After sieving, the 

weights of the soil aggregates remaining on each sieve (𝑤�𝑖�) were recorded, and the Pulverization 

Index was calculated using the equation referenced in Hillel (1980). 
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Figure (5): The mesh of nodes and finite elements for the (circular and rectangular) spike tooth 

harrow. 

𝑃𝐼 =
∑ 𝑤𝑖 ∗ 𝑑𝑖𝑛
𝑖=1

∑𝑊𝑡
 

Where: 

𝑃�𝐼�: Pulverization Index (mm)   

𝑤�𝑖�: Weight of the sample remaining on the sieve (g)   

𝑑�𝑖�: Average sieve size (mm)   

𝑤�𝑡�: Total sample weight (g). 

3. Pulverization Depth :   

The pulverization depth was measured by manually displacing the fragmented soil until reaching 

soil that was difficult to remove by hand. The depth was then measured using a 30 cm vertical 

ruler and a second horizontal ruler parallel to the soil surface. Three random readings were taken 

for each treatment at the speeds of 8.20 km/h and 13.02 km/h for each type of tooth used in the 

pulverization. The average of these readings was calculated to determine the actual depth for each 

speed and each shape of the harrowing teeth. 

 

RESULTS AND DISCUSSION 

Figures 6 and 7 show that the circular spike tooth harrow implement shape with recorded 

the highest values for both maximum stress (215.5 MPa) and principal stress (249.6 MPa). In 

contrast, Figures 8 and 9 indicate that the rectangular spike tooth harrow implement with of shape 

recorded the lowest values for maximum stress (109.9 MPa) and principal stress (69.05 MPa). 

This difference is attributed to the circular tooth being harder than the rectangular tooth, which 

makes it more resistant to deflection, allowing it to penetrate deeper into the soil during harrow-

ing. As a result, the maximum stress increases on the teeth and near the attachment points on the 
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structure, while the principal stress rises on the rear part of the machine, causing vibrations that 

lift it slightly. 

Figure 10 demonstrates that the rectangular spike tooth harrow implement shape with rec-

orded the highest deflection value (0.8316 mm), while Figure 11 shows that the circular spike 

tooth harrow implement shape with recorded the lowest deflection value (0.5035 mm). This can 

be explained by the larger surface area of the rectangular tooth compared to the circular tooth, 

which increases frictional force with the soil clumps. Additionally, the lower hardness of the rec-

tangular tooth makes it easier for it to deflect. 

   

 

 

 

 

 

Figure (6): The distribution of the maximum 

stress for the circular spike tooth harrow 

Figure (7): The distribution of the principal 

stress for the circular spike tooth harrow 

 

 

 

 

 

 

 

Figure (8): the distribution of the maximum 

stress for the rectangular spike tooth harrow 

Figure (9): The distribution of the principal 

stress for the rectangular spike tooth harrow 

 

 

 

 

 

 

Figure (10): The displacement generated in the 

rectangular spike tooth harrow 

Figure (11): The displacement generated in the 

circular spike tooth harrow 
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Figure (12) shows that the disc plow recorded the highest actual requirement for the of 

soil pulverization index (11.64 mm) compared to the moldboard plow, which recorded the lowest 

actual requirement for the of pulverization index (9.15 mm). This is attributed to the fact that the 

disc plow leaves a strip of large, unbroken soil clods, which increases the need for a high of soil 

pulverization index by the spike tooth harrow of various types and shapes. In contrast, the mold-

board plow loosens or the soil and stirs it, thereby reducing the need for a high of soil pulveriza-

tion index by the spike tooth harrow. 

 

Figure (12): Effect of types of moldboard plows. 

Figure (13) shows that the forward speed of Harrowing (8.20 km/h) recorded the highest 

actual requirement for the of soil pulverization index (12.01 mm), while the forward speed of 

Harrowing (13.02 km/h) recorded the lowest actual requirement for the of soil pulverization in-

dex (8.77 mm). This is attributed to the fact that higher speed increases the movement and impact 

of soil clods against each other and against the working parts of the spike tooth harrow, which 

enhances their stirring and pulverization more effectively than at lower speeds. Consequently, the 

value of the of soil pulverization index is lower in millimeters. 

 

Figure (13): Effect of forward speed
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Figure (14) shows that the circular spike tooth harrow implement recorded the highest actual re-

quirement for the of soil pulverization index (11.52 mm), while the rectangular spike tooth har-

row implement recorded the lowest actual requirement for the of soil pulverization index (9.27 

mm). This is attributed to the fact that the rectangular tooth provides a larger contact area with the 

soil, allowing this working rectangular area, especially its sharp edges, to exert high impacts and 

friction against the soil clods from all directions, thereby enhancing the breaking and pulveriza-

tion of the tilled soil based on its sizes and diameters in millimeters. In contrast, the circular teeth 

have a conical pointed working part that facilitates the sliding of soil clods through it due to low-

er friction with the soil. Consequently, the of soil pulverization index with circular teeth is lower 

based on the sizes and diameters of soil particles. 

 

Figure (14): Effect of the shapes of the creeping teeth. 

Figure (15) indicates that the interaction between the disc plow and the circular spike 

tooth harrow implement recorded an actual requirement for the of soil pulverization index (13.02 

mm), while the interaction between the moldboard plow and the rectangular spike tooth harrow 

implement recorded the lowest actual requirement for the of soil pulverization index (8.27 mm). 

The effective pulverization of the rectangular spike tooth harrow in soil tilled by the moldboard 

plow is due to the moldboard plow's ability to loosens or the soil and stirs it compared to the disc 

plow, which aids in the pulverization process when using spike tooth harrowing in all its forms 

and types, especially the creeping ones. Additionally, the design of the rectangular tooth, in terms 

of its dimensions, edges, and contact area while working in the tilled soil, played a significant 

role in breaking and pulverizations soil clods, resulting in a more level appearance due to in-

creased soil pulverization. 
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Figure (15): Interaction between types of plows and the shapes of the creeping teeth 

Figure (16) shows that the interaction between the forward speed (8.20 km/h) and the cir-

cular spike tooth harrow implement recorded the highest actual requirement for the of soil pulver-

ization index (12.53 mm), while the interaction between the forward speed (13.02 km/h) and the 

rectangular spike tooth harrow implement recorded the lowest actual requirement for the of soil 

pulverization index (7.04 mm). The increase in the of soil pulverization index and the breaking of 

its clods is attributed to the same reasons previously mentioned regarding the design of the rec-

tangular tooths and its impact on the tilled soil, as well as its role in the Harrowing and smooth-

ing process when subjected to high speeds during operation. This, in turn, facilitates the pulveri-

zation of soil clods through impacts and collisions with each other, which positively reflects on 

the soil, resulting in an increased of soil pulverization index. 

 

Figure (16): Interaction between forward speed and the shapes of the creeping teeth.
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Figure (17) shows that the moldboard plow significantly outperformed in recording the 

highest value for the depth of pulverization (17.25 cm) compared to the disc plow, which record-

ed the lowest value for the depth of pulverization (15.85 cm). This is attributed to the fact that the 

Harrowing machine with creeping teeth, which operates in soil tilled by the moldboard plow, can 

penetrate deeper because, the moldboard plow loosens or the soil and stirs it, effectively, allowing 

for greater penetration of the teeth. In contrast, the disc plow leaves a strip of unbroken soil clods, 

which hinders the penetration of the teeth into the soil. 

 

Figure (17): Effect of types of moldboard plows. 

Figure (18) shows that the forward speed (8.20 km/h) significantly recorded the highest 

value for the depth of pulverization (17.32 cm), while the forward speed of (13.02 km/h) record-

ed the lowest value for the depth of pulverization (15.77 cm). This is attributed to the fact that the 

depth of pulverization is affected by the increase in the forward speed of the spike tooth harrow 

due to the increased resistance of the soil during the Harrowing process at higher speeds, which 

results in the spike tooth harrow being lifted slightly upward. 

 

Figure (18): Effect of forward speed.
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Figure (19) shows that the circular spike tooth harrow implement significantly outper-

forms, recording the highest value for penetration depth 17.77 cm, while the rectangular spike 

tooth harrow implement recorded the lowest value for penetration depth 15.32 cm. The increased 

penetration of circular teeth is due to the presence of a conical pointed tip with a small surface 

area in contact with the soil; the smaller the surface area of the part in contact with the soil, the 

deeper it penetrates, and vice versa. 

 

Figure (19): Shapes of the creeping teeth. 

Figure (20) illustrates the superiority of the interaction between the moldboard plow and 

the circular spike tooth harrow, recording the highest value for penetration depth at 18.65 cm. In 

contrast, the interaction between the disc plow and the rectangular spike tooth harrow recorded 

the lowest value for penetration depth at 14.80 cm. This is attributed to the fact that the circular 

spike tooth harrow, when used in soil tilled by the moldboard plow, penetrates deeper into the soil 

because the moldboard plow loosens or the soil and stirs it, Additionally, the conical pointed tip 

of the circular spike tooth harrow allows for better penetration into the soil, unlike the rectangular 

spike tooth harrow, which achieve less penetration depth when working in the tilled soil of both 

moldboard plow types, especially the disc plow. 

  

Figure (20): Interaction between types of plows and the shapes of the creeping teeth. 
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CONCLUSIONS 

It was concluded that recorded the circular tooth shape with  the highest values  maximum 

stress (215.5 MPa) principal stress (249.6 MPa)and the lowest deflection value (0.5035) mm in 

contrast, the rectangular tooth  shape recorded the lowest values for maximum stress (109.9 MPa) 

and principal stress (69.05 MPa) and the highest deflection value (0.8316 mm).  and that recorded 

the rectangular tooth  shape the best value soil pulverization in soil tilled by the moldboard plow 

at a forward speed of 13.02 km/h. that recorded the circular tooth shape with  the highest value 

depth the pulverization   in soil tilled by the moldboard plow at a forward speed of 8.20 km/h. 
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