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CHAPTER - I 

INTRODUCTION 

‘Pokkali’ is a system of rice cultivation including prawn cultivation in the 

Kerala’s saline tracts as like ‘Kole’ and ‘Kaipad’ paddy cultivation system. The 

system cultivation is under saline and flooded conditions. Majorly the system is 

found in Thrissur, Ernakulam and Alapuzha districts of Central Kerala. Radhika et 

al. (2021) reported that pokkali paddy received a Geographical Indication (GI) 

Tag and organic certification during the year 2007. 

1.1 History of Pokkali System 

 It’s traditionally said that a wild paddy grass seed from Western Ghats, 

reached the coastal regions of Kerala about three thousand years ago. The seed 

sustained the salinity and flooded conditions of coastal region, started growing 

which further came as a traditional farming system as pokkali. The name of the 

system “Pokkali” arrived due to its height, “pokkali” means “one who flares up”. 

Pokkali rice system includes paddy varieties of tall cultivars such as Chootu 

Pokkali, Cheruvirippu, Chettivirippu, Anakodan, Eravapandi, Kuruva, Bali, 

Orpandy, Pokkali and Orkayama and they are the traditional cultivars grown in 

the tracts of Central Kerala. Tall height growing hybrids (Vytilla 1, Vytilla 2, 

Vytilla 3, Vytilla 4 and Vytilla 5), Short height growing hybrids (Vytilla 6, Vytilla 

7, Vytilla 8, and Vytilla 10) are the high yielding (2000 to 3000 kg ha-1) Pokkali 

paddy varieties released by the Kerala Agricultural University.  Vytilla 11 is latest 

variety released from Kerala Agricultural University.  Shrimp farming (known as 

“Chemmeen Kettu” or “Chemmeen Vattu” or “Adappu” is done for five months 

duration) is practiced from December to mid of April each year and for the new 

year of Malayalam calendar Visu 1st (April 14th or 15th) the land is prepared for 

paddy cultivation. Local prawn varieties such as Naran, Choodan etc and 

sometimes tiger prawn and crabs were also cultivated. Soon after shrimp farming, 

the land is prepared and allowed to dry which results in cracks, through which the 

harmful gases held in the soil are released out. Thereby the salinity level of the 

soil decreases which helps in preserving the soil and groundwater. When the 
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paddy was harvested, the uncut stalks left in the field which decays and enriches 

the soil with organic matter under the saline water conditions. The pokkali system 

thus follows both the paddy cultivation and shrimp farming to protect and 

preserve the ecology and environment. In Kerala, these cultivars in pokkali system 

are also known for their peculiar taste and nutritional value especially higher level 

of protein content. As there are no chemical fertilizations or pesticides, several 

medicinal benefits are stated for the pokkali rice such as rice gruel water of 

pokkali rice for Cholera patients and pokkali rice bran for piles patients. Pokkali 

paddy varieties have undergone modifications and cross over with other cultivars 

to give new varieties. IRRI (International Rice Research Institute), Philippines, by 

deriving the genes from cultivars in pokkali system has developed many rice lines 

with higher yield. 

1.2 Pokkali Paddy Cultivation 

The ecosystem is unique in pokkali fields. One of the abiotic stress factors, 

limiting the plant growth is Salinity. When the monsoon persists, (June to mid-

October/early November) salinity level of pokkali fields will be less, due to the 

presence of rain water. Hence during this non-saline condition, pokkali paddy 

cultivation is carried out. In a favourable condition, seeds will be traditionally 

prepared by pre-process such as soaking and directly broadcasted to produce 

seedlings which are raised on the mounds, are transplanted later. The seed rate is 

about 100 kg ha-1 for ‘Vytilla’ varieties. The pokkali paddy attains a height of 40-

45 cm in 30-35 days. No pesticides or fertilizers are used and it’s completely an 

organic method of paddy production. Hand weeding is done sometimes before and 

after transplanting.  Harvesting is carried out by cutting the ear heads above the 

water level in the field after the maturity period of 120 days. The paddy straw is 

left over in the fields. During saline condition from mid November to mid-April, 

shrimp cultivation is carried out. The shrimps are fed by pokkali paddy straw, 

which left over after cultivation. Plate 1.1 shows the Pokkali paddy fields during 

the month of March while shrimp cultivation is in progress. The left over shrimps 

and shrimp wastes decomposes and enriches the soil for the next paddy season. 
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The bottom mud on the Pokkali field may be used as fertilizer for coconut in the 

regions of North Malabar. Mounds will be formed with base one meter and height 

half meter for serving as an in-situ nursery, but recently the mound size becomes 

less due to climatic and labour shortage issues. The water has a pH of 7 to 8.5. 

The soil pH ranges from 3 to 4.5. The soil Electrical Conductivity (EC) of pokkali 

system during the November to May (high saline phase) varies from the range of 

12 – 24 dS m-1 and during June to October (low saline phase) EC ranges from 4 – 

6 dS m-1. Plates 1.3 to 1.8 and Fig. 1.1 shows the various operations in sequence 

in pokkali cultivational system of paddy. 

  

Plate 1.1 Pokkali fields during the month of March 

1.3 Environmental Importance of Pokkali System 

 In the environmental point of view, the pokkali paddy cultivation plays a 

major role on preserving the ground water table. Also pokkali system forms a 

unique ecosystem and sustaining both paddy and prawn cultivation becomes 

inevitable for the following reasons. Discontinuing the pokkali paddy cultivation 

will greatly affect the prawn farming. The juvenile prawn requires the high 

protein supplement which is received from the decaying stubbles. Pokkali paddy 

cultivation is quite essential to prawn farming, otherwise the flooded pokkali 

fields become more acidic and lacks oxygen availability for prawn farming (Das 

and Stigter, 2005). In monoculture of prawn, the yield gradually starts to decline 

after the higher yield during initial years (Krishna et al., 2006). 
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1.4 Challenges in sustaining pokkali system 

 Pokkali farming demands mechanization of diking i.e., bund preparation 

and rebuilding to prevent water movement), harvesting of pokkali paddy, 

extension of industrial zones and fish farms, attack of predators such as rodents, 

Moorhen (bird eating grains in pokkali fields), climate change, and poor economic 

outcomes catalysed the declining area of pokkali fields. Plate 1.2 shows the 

Moorhen bird predating pokkali paddy grains.  

 Earlier pokkali fields were extended in 25000 ha, a few decades ago (Joy, 

2013) and area is now reduced to less than or equal 6274 ha (Joseph, 2016) 

because of the above reasons. Even some cases, cultivated paddy are not 

harvested due to the economic constraints of farmers in case of manual harvest. 

Even Government has promoted programmes for preventing the pokkali system 

declining in paddy cultivation by offering subsidies and inputs but still the 

unsolved non-economic constraints dominates obstructing the farmers to bring 

more area under cultivation. KLDC (Keara Land Development Cooperation) 

works under the administrative control of the Government of Kerala - Agriculture 

Department, provided a comprehensive plan with a name “Jaiva Vypin Project” 

for developing pokkali paddy cultivation in the district of Ernakulam. 

 

Plate 1.2 Moorhen birds (breeding & predating) at pokkali paddy field 
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(a)      (b) 

Plate 1.3 (a) Shrimp cultivation at pokkali field (b) Diking (strengthening the 

bunds) 

 

 (a)     (b) 

Fig. 1.1 (a) Strengthening of bunds (b) Mound making for seed bed 

 

(a)     (b) 

Plate 1.4 (a) Seedling on mounds after sowing (b) Transplanting operating 
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(a)      (b) 

Plate 1.5 (a) Matured pokkali paddy crop (b) Harvesting operation 

 

      (a)     (b) 

Plate 1.6 (a) Full plant of pokkali paddy (b) Cut portion of harvested pokkali 

paddy 

 

(a)      (b) 

Plate 1.7 (a) Transportation of cut stalks to the bunds (b) Crop stalks to be 

threshed 
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(a)     (b) 

Plate 1.8 (a) Threshed paddy straw (b) Pokkali paddy grains 

1.5 Importance of Pokkali Paddy Harvester 

 Usually the harvesting of pokkali paddy takes place by the second half of 

October. Unlike other cultivars, paddy matured in pokkali system is harvested in 

standing water condition after 120 days. Pokkali paddy plants grow up to 2 m and 

lodges to collapse one another with only the panicles standing upright. 

Conventionally, the harvest operation is done manually using sickles. The pokkali 

field soils are deep, dark or pale bluish black coloured, impervious nature and 

clayey in texture that are sticky on wetting and forms cracks on drying. Also the 

pokkali paddy fields are in deep water, inundated and marshy, which makes the 

labourers, mainly women feel difficulties during harvesting. Such situations make 

the pokkali cultivation to be difficult and thereby area to be reduced. Hence, there 

is a great demand for pokkali paddy harvester to reduce the drudgery caused by 

pokkali field conditions. The harvesting machine should be amphibious to suit the 

varying pokkali field conditions like swampy, marshy and completely flooded 

conditions. 

1.6 Constraints in Pokkali Paddy Harvester Development 

 There are numerous harvesters available for Paddy harvest. Modern 

Combine harvesters are very efficient and performance is considered superior. But 
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those combines cannot be used for harvesting pokkali paddy. Design and 

development of harvester suited to the salinity and flooded condition in pokkali 

fields is quite different from other harvesters, as harvester should be an amphibian 

machine, which can be operated in land, water and marshy lands. Several factors 

are to be considered for designing a harvester for pokkali paddy. Hence, the 

design, development and working of the harvester in fields remain a challenging 

task for successful mechanization in pokkali paddy harvesting. 

 A KAU Pokkali Paddy Harvester was designed and developed in KCAET 

Tavanur. Another commercial amphibious weed harvester (Truxor DM 5045) is 

used for harvesting pokkali paddy. Both the machines were studied in detail and 

discussed in next chapters. These machineries had drawbacks and require 

modifications to meet the demands suitably and conveniently. Hence a research 

project was undertaken to design a cutter header assembly for a pokkali paddy 

harvest. 

A research project was undertaken in the view of above discussion with the 

following objectives: 

1. To study the existing designs of  cutter header assembly of the available 

Pokkali Paddy Harvesters 

2. To develop different computer aided designs of cutter header assembly  

3. To select the best practical design through industrial engineering modeling 

techniques/analysis using quality function deployment (QFD). 
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CHAPTER II 

REVIEW OF LITERATURE 

 This chapter comprehensively discuss the research work carried out by 

various researchers in pokkali paddy cultivation, paddy harvesters including cutter 

bar, reel, performance evaluation and design of cutter header assembly for pokkali 

paddy harvesters to get an inference about the previous research outcomes on 

these areas. 

2.1 Pokkali Paddy Cultivation 

 Pokkali paddy cultivation is followed under the pokkali System of farming 

in the Kerala, India under saline water stagnant condition. The rice produced from 

this cultivation is organic, nutritious and has peculiar features on quality. 

Cultivation operations and crop – field characteristics are considerably differ from 

other Paddy cultivation practices. The comprehensive research outcomes on the 

pokkali paddy cultivation are as follows. 

 Pillai (2003) studied about fishery and production of shrimps from 

perennial and seasonal fields of Kerala.  Sea water enters twice in a day into the 

pokkali fields during high tides through the sluice and estuary.  At night times, 

bulbs / hurricanes / petromaxes etc was fitted the mouth of the sluice for attracting 

shrimp seeds into the fields. 

 Gayathri and Raveendran (2009) studied the capability of coastal paddy 

fields in Kerala remains not used. In this study, it is discussed that closely two 

third area of the field in pokkali system covered in the Ernakulam region. Other 

districts such as Kannur, Alapuzha etc., with paddy farming on water logged 

condition paves the way for salt tolerant varieties of paddy which grow upto two 

meters, bend each other and collapses. The panicles are alone cut for harvest; rest 

of the stalk serves as the prawn feed. 

 Jayan and Sathyanathan (2010) reviewed the farming practices prevalent 

in the water logged tracts of Kerala. Study states that the fields are situated below 

the mean sea level (MSL) and having the issues of water-logging and have no 
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addition of chemical fertilizers and/or pesticides in the pokkali paddy fields which 

make them different from the other farming practices in Kerala.  

 Sasidharan et al. (2012) studied temporal and spatial integration of rice, 

prawn and fish in the wetlands of coastal tracts in southern part of India, 

especially in Kerala.  The traditional system of farming tall rice varieties (Oryza 

Sativa) during the monsoon periods and shrimp cultivation during summer 

periods, called locally as ‘pokkali’ in the central Kerala, and is a sustainable rice 

production system blended with natural occurrences like salt water inundation in 

the Kerala’s low lying coastal regions.  Varieties and their yields such as  ‘VTL 3’  

with 2.4 tonnes ha–1 and mutant of  ‘Chettivirippu’ with 3.9 tonnes ha–1 were 

discussed. 

 Antony et al. (2014) investigated the rotational effect of paddy farming 

and prawn cultivation under pokkali system on the characteristics of soil at two 

spots of pokkali fields named Kadamakkudy and Chellanam of Kerala.  Study 

found that the pH of the soil varied highly acidic to slightly alkaline in Chellanam 

but alkaline in Kadamakkudy.  The least value of conductivity and salinity were 

observed on the first half of the June month.  The highest value of total organic 

carbon was 1.05% and 6.225% in Chellanam and Kadamakkudy respectively 

found on the second half of April month.  The highest phosphate value was 

0.1578 mg g-1 in Chellanam and 0.2125 mg g-1 in Kadamakkudy with a standard 

deviation and mean of 0.14 ± 0.05 and 6.87 ± 7.67 respectively.  The soil nitrogen 

content also showed the same trend as phosphate.  The soil carbon content found a 

slight increasing trend.  Negligible sulphur content of the soil 0.18 per cent is 

showed. Sudhan et al. (2016) says that colour of soil is pale or dark bluish black 

and the texture is found to be clayey. 

 Mumthaz and George (2017) discussed the significance of pokkali Fields 

in the Kerala village, Kadamakkudy. They shows that Alkalinity level was found 

to be lowest in the month of July, while it is highest in the month of February. 
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Also they stated that, in order to preserve the richness of biodiversity in the 

pokkali system the fields must be sustained.  

 Ranga (2006) reported that other than climatic constraints, shortage of 

farm labour and non-availability of suitable farm machinery are two major 

constraints on economic viability of paddy cultivation in pokkali fields. Sudhan et 

al. (2016) stated that skilled manual labours were employed for the mound (45 cm 

diameter and 60 cm height) preparation. Adithya (2020) states that the pokkali 

paddy cultivation is declining, earlier 25000 ha reduced to 5500 ha as due to 

various factors. Joy (2013) says Vallarpadam Container Shipment has made 

irrevocable damage to Kerala’s coastal areas of pokkali practicing regions. 

 Ranjith et al. (2019) stated that average farm size of farmers in pokkali 

system was only 1.65 ha. The average income of pokkali farmers were around 

`3.9 lakhs ha-1 of pokkali-prawn cultivation. More than 70 per cent of the farmers 

are marginal and small farmers’ category indicating constrained production in 

general. Using Garrett’s ranking technique; the problems of farmers were 

analyzed. Analysis states that, in production process, labour shortage and higher 

labour wage rates were the major constraints. Also constraints in mechanization of 

farm operations rose as a serious problem of pokkali cultivation system. 

Perishable nature of the prawn and market price fluctuations are the main 

constraints in marketing process. 

2.2 Paddy Harvesters 

 According to Kumar and Kalita (2017), in the developed countries, most 

of the crops were harvested using combine harvesters. Gathering, cutting and 

uniform conveyance (reel positioning and speed setting), threshing (concave 

clearance setting and adjustments of threshing speed), separation using rotor or 

straw walkers, air aspiration (setting of fan speed) to blow out chaff, light 

particles and mold spores, sieve opening and shaking allowing separation by 

density and size of threshed kernels. Justice et al. (2021), in India, leading brands 

of combine harvesters are Claas, Preet, Kartar, Vishal, Swaraj, New Holland and 
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the imported John Deere, Kubota and Yanmar machines. According to IRRI 

(2015) more than 75% of the paddy harvesting is done by combines nowadays. 

Combine harvesting machines work best with fields which are well-drained, 

somewhat level and with a field layout that minimizes the number of turns in a 

field. 

 Sangwijit and Chinsuwan (2010) reported that in combine harvesters, the 

losses are observed at two main units i.e. cutting unit and threshing unit. Samon 

and Duff (1973) reported that five, seven and ten days delayed harvest resulted in 

3 %, 6 % and 11% decrease in paddy yield, respectively. Paulsen et al. (2014) 

discussed that fast driving is one of the most common causes of higher combine 

losses. Fouad et al. (1990) discussed that self-propelled rice combines forward 

speed if raised from 0.8 to 2.9 km h-1, will increase grain losses. Konno et al. 

(2017) stated that harvesting operation showed increased fuel consumption as the 

total working time increased. 

 Alizadeh and Allameh (2013) stated that while reaping and threshing were 

done individually, the harvested crop mass is subjected to environmental impacts 

and significant to moisture content changes and losses. Comparing indirect 

methods (Reaping and threshing), direct method (Combined harvesting) had less 

losses on paddy harvest, especially head feed type combine harvester. 

 Hasan et al. (2020), tested different harvesting machineries such as reaper, 

mini-combine and small to medium size rice combines. The study stated that, a 

combine harvester can save 71% of the labour over manual harvest, and also 

significantly less harvesting losses over manual reaping. Effective field capacity 

of combine harvester was observed to be more than reaper. The study concluded 

that combine harvester will be an appropriate option for paddy harvest at southern 

delta regions of Bangladesh country. 

 Celik (2006) designed and developed a push type cutter bar mower for the 

forage harvest. The study reported that, when forward speed increases, the 

effective field capacity will increased and fuel consumption will decrease. At a 
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speed of 2 km h-1, it was noticed that blockage occurred in cutter bar unit because 

of the high density of forage and insufficient power from the engine. In this 

regard, the engine power should be more than 25% of the cutting unit’s power 

requirement. 

 Jawlekar et al. 2020 developed a low cost combine harvester for Rabi 

crops and performed the analysed the performance with rice and wheat crop in 

India adequate to small farmers. 

2.2.1 Cutter bar 

 Pekitkan et al. (2020), a Turkish study analysed shearing force and 

shearing energy of paddy stem as a function of blade angle, blade type and cutting 

speed. When decrease in the blade edge angle from 90° to 50°, the shearing force 

and cutting energy values for paddy stalk has increased. At 90° cutting edge of 

blade, highest force and energy values were measured as 25.47 N and 5.8 N cm. 

The effect of loading speed on the cutting forces, cutting energy, cutting strength 

and specific cutting energy were found significant. The highest values of shearing 

force and cutting energy was found at 2 m s-1 loading speeds, the lowest values 

were found at a cutting speed of 6 mm s-1.    

 According to Koloor and Borgheie (2006), both blade type and edge angle 

are important factors which reduces shearing force, cutting energy and increases 

effective cutting performance of cutter bar.  

 A research conducted in Iran by Zareishahamat et al. (2019) says, due to 

the lack of suitable machinery for harvesting, 0.2 million ha was not harvested in 

each year. Hence research was carried out to design, construction and evaluation 

of reaper in order to apply in the small farms. The designed machine has 1 meter 

cutter bar length. The research also reports that increasing the forward speed of 

the machine causes crop losses and decreased field efficiency.  

 Das (1998) says that stroke length of 76.2 mm is used for the grass, cereal 

crops and thin stalk commercial crops. According to Kathirvel et al. (2011) 

cutting efficiency and uniformity were affected by stroke length. 
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 Reddy (2018) studied the cutterbar assembly of KAU pokkali paddy 

harvester. Cutter bar used was standard - serrated type. Cutterbar was operated by 

a hydraulic motor (MR50) through a crank pitman mechanism. It is a 

reciprocating type cutter bar. Length is 2.1 m and number of knife sections are 27, 

each having a stroke length of 76.2 mm was provided.  A standard size twin guard 

is provided on either ends of the cutter bar in order to gather the crop and fed it to 

the cutting knife.  Knife sections are serrated and the serration pitch provided was 

1.2 mm.  Clearance between ledger plate and knives were maintained at 0.3 mm.  

The velocity of knife section was hence 0.833 m s-1 when the forward speed of the 

machine was 3 km hr-1. According to Klenin et al. (1985) the angle between 

cutting edge and axis of knife section (α) was 310 and the knife velocity was 1.5 m 

s-1.  The cutting index falls between 1.3 and 1.4 with available cutter knife.  

2.2.2 Reel 

 According to Quick and Buchele (1978), the use of employing a revolving 

reel on reaping operation of cereal crops was apparently originated by John 

Common of England, during 1811-1812. Oduori et al. (2012) stated that 

nowadays, the tined reel was the standard equipment on most designs of combine 

harvester.  

 Naydenov et al. (2020) explained that the type of mechanical impact on 

crop has very strong effect on losses of seed. Hence the impact provided by the 

reel should be so adjusted to reduce the losses. 

 The reel is of two types. Pickup reel for lodged crops and bat type reel for 

standing erect crops. Habib (2014) pointed out that in case of lifting lodged crops 

above the cutter bar, pickup reel can be effective.  A reel is a hexagonal, 

pentagonal, and tetragonal or any related shape traverse a cycloidal path, and also 

moves in the linear direction to form a combined circular and linear effect of 

trajectory. Qing et al. (2021) designed a reel assembly for harvesting oilseed rape 

with improved trajectory of tine, working process and function. Zhuang and Li 

(2020) studied the simulation of reel for suiting high stubble rice harvesting. 
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 Griffin (1981) stated that, the reel holds the crop stalk against the cutter 

bar as it cut during cutting. Adjustments of position and speed of reel have to be 

made carefully for the reel to push the crop against to the cutter bar, also to the 

auger platform. 

 Reel axis has to be placed 230 mm to 300 mm ahead of cutter bar. Mostly 

the crop cutting height will be 150 to 250 mm. Reel teeth clearance may be 50 to 

75 mm. Jalali and Abdi (2014) said a reel height of 87 cm for better results. 

Another research work by Tomchuk (2020), states that while harvesting, reel 

height was adjusted for a uniform transportation of crop into the cutter bar 

through a control panel. Behrouzi et al. (1995) stated that seeds drop when the 

reel wheel get in contact with crop. Reel placement must be 150 to 250 mm high 

from the cutter bar level. 

 The clearance between the tines of the reel and cutterbar must be at least 

25 mm. The reel bats must be just below the lowest heads; if the reel bats are too 

low; heads may hang up on the bats and be carried around on the reel. If the reel is 

too high, grains will be shattered by the reel. The reel should be low enough in 

down crops to lift the crop and sweep the crop through the cutterbar. Reel must be 

in the same height across the width of the header. This height adjustment can be 

done by the means of the threaded adjusters. Also the reel must be aligned at 

supports so the distance forward from the cutter bar at any point is same. The reel 

teeth or tynes will be facing downward always, so as to push the crop into the 

cutterbar. In average conditions, tine pitch will be five degrees rearward. This reel 

teeth facing downwards can be actuated by mechanisms such as planar four bar 

mechanism. Considering reel fore and aft position, reel should not hit the cutterbar 

or auger in its lowest position. The exact positioning depends on the crop 

parameters such as height, lodging conditions etc. 

 According to the research by Griffin (1976), El-Shal and Morad (1991), 

investigation on the influence of the reel speed and forward speed of harvester on 



16 

 

paddy loss during harvesting needs to be taken care. Reel speed may be 25% and 

50% greater for wheat and barley crops respectively. 

 For a typical reel size of diameter 1.1 m this works out as a rule of thumb 

in rpm of reel at six times the machine forward speed in kilometres per hour. If 

the diameter of the reel increases, then by the same proportion the ratio should 

decrease. For automatic speed adjustment of reel in relation to travel speed of 

combine, certain attachments exist in some combine harvesters. 

 Habib (2014) found that machine losses increased with the increase in reel 

speed, reached 6.04%, 3.45% and 3.49% obtained at 40, 30 and 20 rpm 

respectively. Increased reel speed can cause increased header losses, crop 

processing losses in sunflower combine harvester. Also they suggested a reel 

speed of 30 rpm at the forward speed of 6 km h-1 for the sunflower harvesting. 

Jalali and Abdi (2014) stated that in combine harvester’s losses, reel speed and 

travel speed are most effective. They showed that maximum loss occurred at the 

highest reel speed and ground speed. Increase in reel height increase head grain 

losses. For a given forward speed of 1 km h-1, 25 rpm speed for reel is mentioned. 

From the observation, no significant difference exists between the reel speed of 25 

and 32 rpm. Rahimi and Khosravani (2003) mentioned that header loss were 

minimum with reel rotational speed lower than 21 rpm. Taha (2017) observed 

clean seeds percentage has decreased while increasing reel speed from 25 rpm to 

35 rpm. 

 Huang et al. (2020) developed a prototype for harvesting rice crop with 

double cutter bar and reel header, employing a reel speed of 45 rpm. 1.25 is the 

normal reel index. Harvesting machines with automatic reel speed controllers 

have a reel index ranging from 1.1 to 2 typically. Once a setting is chosen, reel 

speed is automatically adjusted to varying forward speed of the harvesting 

machine. Such auto reel controllers need calibration for varied tyre sizes or 

header/reel types. Reel index has to be reduced for lodged and tangled crop. 
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 Bawatharani et al. (2013) says that a reel index of 1.7 would be the ideal 

for minimum header losses and acceptable field capacity, field efficiency for 

paddy combine harvesters of the paddy variety Bg 94-1 in Srilanka. A reel index 

value of 2.5 makes the reel to rotate with less advancement into the crop mass and 

for single rotational cycle, increased the amount of panicles gathered. When the 

number of impacts made to the panicles was higher and resulting in the tines hit 

the panicles harshly, increases the losses. Chinsuwan et al. (1997) reported that at 

lower reel index, the tine failed to sweep the entire paddy towards the header. 

Whereas the higher reel index makes the tynes to hit the panicles violently 

resulting in increased losses. Behrouzi-Lar et al. (1995) states that reel index 

about 1.25 - 1.5 for minimum head loss. Oduori et al. (2012) stated that the 

suitable value of reel index may vary with the crop and its conditions, but 

recommended reel index values lower than 1.5. But other research, Junsiri and 

Chinusuwan (2009) reported that the header losses were less when the reel index 

was between 1.5 and 3.0.  Another study by Richey (1961), recommended 1.1 to 

3.4 as a reel index for a 1.1 m diameter reel over a range of ground speeds. 

 Bawatharani et al. (2013) discussed that there was a decreasing trend of 

velocity of reel impact with respect to the increased reel index. Oduori et al. 

(2008) reported that, in order to minimize losses, manipulation of both magnitude 

and the direction of tine bar velocity are to be involved. 

  Hunt (1983), the cutting operation is accomplished by a cutter bar and reel 

loss obtained from (shattering loss) grain lying on the ground or out of reach of 

the cutter bar (cutter loss) 

 Kassa and Ing (2014) designed a reel mechanism for Tef crop. Deflection 

angle and deflection force with respect to reel were analysed and applied for reel 

design. The reel design included the determination of the bat count, angular 

displacement of the reel, rotational speed of reel, frame requirement, Chain and 

sprocket design, and Bearing design. Mathematical formulae and softwares were 

used for designing. Suitable materials were chosen for analysing the loads at 

various steps. 
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2.2.3 Pokkali Paddy Harvesters 

 The Machines were based on the concept of Archimedes principle for 

maintaining the stability while floating in water. Archimedes’ principle states that 

“a component immersed in a fluid is subjected to an upwards force equal to the 

weight of the displaced fluid”. This force of buoyancy located in the centre of the 

submerged hull is called as centre of buoyancy. Centre of gravity and centre of 

buoyancy of the floating body must lie on the same vertical. For a small angle of 

inclination the initial and the inclined water planes intersect along a line passing 

through the centroid of the water plane. Under various inclinations the centre of 

buoyancy moves along a curve whose centre of curvature is defined metacentre. 

Biran and Pulido (2014) stated that, for a surface floating body, the equilibrium is 

stable if the metacentre is located above its centre of gravity  

 Reddy (2018) studied about the design analysis of KAU Pokkali Paddy 

Harvester to design a scale down model of the existing one. At KCAET, Tavanur 

pokkali paddy harvester (KAU Pokkali Paddy Harvester) was developed which 

can perform reaping, conveying and collection operations. The machine is 9.6 x 

2.2 x 2.2 m (length x width x height) and weighs three tonnes. The harvesting 

machine is self propelled and amphibian (to be operated in water and land). The 

track belts and conveyor belts were made of polypropylene material, air barge on 

Mild Steel, rollers on GI sheets, cutterbar on high carbon steel and legs/cleats 

were on marine aluminium. The reel has five bats, 0.84 m diameter; 0.52 m pitch; 

and reel speed index of 1.7. Conveyor belts are 3 mm thick and use a hydraulic 

motor MAH-400CB. The harvester size and weight are much which affects 

transportability and manuerability in fields. So there comes a need for 

alternatives. A study on scale down model of existing machine was taken. The 

study concluded that scale down design with 24 hp engine, dimensions including 

6.2 x1.7 x 1.7  m (length x width x height), cutter header assembly with 1.8 m 

width of operation, 0.30 m reel pitch and reel index of 1.2 was designed. 

 

 



19 

 

2.2.4 Performance Evaluation of Harvesting Machine 

 Hunt (1995) and Noby et al. (2018) gives the field efficiency, cutting 

efficiency, and field capacity of a harvesting machine is given by the following 

equation. 

Field efficiency = 𝑒 =
𝐶𝑒𝑓𝑓

𝐶𝑡ℎ
×100  

𝐶𝑒𝑓𝑓 =
𝐴

𝑇
 

𝐶𝑡ℎ =
𝑤𝑆

10
 

Where, Ceff = Effective field capacity (ha h-1), 

 Cth  = Theoretical field capacity (ha h-1), 

 T    = Total time for the reaping operation (including lost time), (h), 

 A    = Area coverage (ha), 

 S     = Rated forward speed of machine (km h-1), 

 W   = Rated width of the cutter bar (m), 

Cutting efficiency (%) =  
𝑒−𝑑

𝑒
× 100 

 Where, e = number of plant per square meter before reaping 

  d = number of uncut plant per square meter 

 According to Kalsirislip and Singh (1999), for a combine harvester 

equipped with a 3 m width head stripper, field capacity and field efficiency of 

0.66 ha h-1and 74% for standing crop and 0.3 ha h-1 and 72% for lodged crop 

respectively were found. According to Bora and Hansen (2007), field performance 

of a portable reaper showed that field capacity was 0.15 ha h-1. Aung et al. (2014) 

stated that average cutting efficiency of 98% and actual field capacity of 0.24ha h-

1 were found in another study for the power reaper. Veerangouda et al. (2010) 

stated that field capacity of a tractor operated combine harvester varied from 2.88 

to 3.60 ha h-1. According to Ujala et al. (2020), field capacity of the straw reaper 

(tractor mounted) was found to be 0.20 ha h-1.  
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2.3 Design of Cutter Header Assembly 

 A design process involves various steps for developing a product such as 

preliminary studies, material selection, optimization of design parameters, and 

finalization of design and further developments. Each step has set of operations in 

it to give a output in the development of a product. Each step undergone in this 

research project was discussed in detail in next chapter and each step is reviewed 

in a detail as follows. 

2.3.1 Preliminary Studies 

 Preliminary studies on an agricultural crop can be of various kinds such as 

data collection, sample collection, field experiments, lab studies, or survey among 

farmers. Based on the research nature, seasonal variations and crop availabilities, 

a suitable method can be adopted for preliminary studies. 

 Khan et al. (2020) conducted a survey by direct interview with farmers for 

investigating of the problems faced by vegetable growers regarding post-harvest 

practices in the district Faisalabad in India. The collected data were analyzed 

using IBM SPSS software and concluded the results. Results discussed the socio 

economic details of the farmers, different cultivation operations followed and 

their ranking on usage, awareness level regarding mechanization. Further, the 

study suggested the development ways for the cultivation methods followed. 

2.3.2 Optimization of Design Parameters 

 Design parameters such as size, shape, topology working mechanism etc., 

have to be optimized for minimization of losses and maximization of grain 

recovery.  

 Kamat et al. (2014) explained the different path traced by adjustable four 

bar linkage mechanism by changing one or more hardware component. Natesan 

(1994) explained that, four bar mechanism can be of two types namely Grashof 

and Non Grashof mechanisms. A four bar mechanism may consists of crank, 

follower and coupler. Also the linkages may be of various kinds such as Evans 

linkage, Chebyshev linkage, Watts linkage and Roberts linkage. Khurmi and 

Gupta (2005) stated the Grashof’s law, for a planar four bar linkage, the sum of 
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the shortest and the longest link cannot be greater than the sum of the remaining 

two links lengths, if there is a continuous relative motion between two members. 

 American Institute of Industrial Engineers (AIIE, 1955) defines Industrial 

engineering as “the term concerned with the design, improvement, and installation 

of integrated systems of men, materials, and equipment. It draws upon specialized 

knowledge and skill in the mathematical, physical, and social sciences together 

with the principles and methods of engineering analysis and design, to specify, 

predict, and evaluate the results to be obtained from such systems”. 

 Definition of Industrial engineering is stated by Nadler (1955) as “the art 

of utilizing scientific principles, psychological data, and physiological information 

for designing, improving, and integrating industrial, management, and human 

operating procedures".  

 The prime motive of the industrial engineering is to increase the 

productivity by elimination unproductive and waste operations to effectively 

utilize the available resources. Latest industrial engineering techniques laid its 

focus on energy conservation, automation and reduced environmental impact.  

 Various types of industrial engineering techniques are  

1. Motion study 

2. Time study 

3. System analysis 

4. Ergonomics 

5. Method study 

6. Material handling analysis  

7. Inventory control, job evaluation 

8. Production planning and control 

9. Financial and non financial incentives 

10. Value analysis 

11. Operation research techniques 

 Moktadir et al. (2017) attempted to identify the bottlenecks in leather 

industry and suggest appropriate system to increase productivity using work study 

analysis. The study carried out by applying questioning methodology where 
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recording and analysis of critical steps of manufacturing of all and other related 

information has been done in particular production line. As a result, in the 

improved method was suggested which reduced the considerable amount of work 

content. Then time study has been conducted by stopwatch and found the basic 

time required for all operation sequences and each workstation’s capacity per day 

has been estimated. Using work method study and work measurement in the 

industry, productivity was improved by 12.71%.  

 Mathew and Sahu (2018) solved the problem on material handling 

equipment selection using multi criteria decision making methods and spearmen 

rank correlation coefficient for identifying the relationships. 

 Telsang (1998) stated that, out of these techniques, system analysis deals 

with various elements and sub systems that contribute to the whole system, 

thereby along with their interdependencies in order to make an effective and 

efficient design and improvement in the whole system. 

2.3.3 Finalization of Design 

 Out of different optimal solutions arrived for a problem, best one can be 

made by decision making process. Some of the methods out of various decision 

making processes are as follows, 

1. Analytical Hierarchy Process (AHP) 

2. Affinity Diagram method (Fishbone Diagram or Brainstorming) 

3. Quality Function Deployment (House of Quality Matrix method) 

4. Trial and Error Method 

5. Influence Diagram Approach (IDA) 

6. Conjoint analysis 

7. Net Present Value (NPV) and Present Value (PV) 

 According to Saaty and Vargas (2001), AHP includes the following steps:  

1. Breaking down a complex unstructured problem into its components 

2. Arranging the factors in a order following specific hierarchy 

3. Assigning numerical values to each factor based on their relative 

importance 
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4. Analyzing the judgment for determining priorities to be assigned to all the 

factors. 

 Zarini et al. (2021) selected the best sprayer for citrus gardens in 

Mazandaran (Iran) using AHP. Atomizer sprayer, Motorized Backpack sprayer, 

Air blast sprayer and Wheelbarrow sprayer are the four different sprayers 

evaluated in this research. The selection criteria include spray quality, tank 

capacity, field capacity, amount of consumable solution per hectare and costs. As 

a result, Atomizer sprayer is selected as appropriate for citrus gardens. Dirpan and 

Alim (2015) used the AHP to select a best post harvesting method for Citrus fruits 

in Japan out of several post harvest methods such as modified atmosphere 

packaging, controlled atmosphere storage, hot water treatment, coatings and etc. 

 Karolemeas et al. (2021) used Analytical Hierarchy Process to identify 

suitable locations for Electric Vehicle (EV) charging points in urban regions of 

Greece. In this study they found the parameters for locating EV charging points as 

marked parking spaces, transport hubs and point of interest. As an outcome study 

came with a spatial model function for the location suitable for EV charging ports 

in Greece. 

 Ivanova et al. (2020) in their research explained that affinity diagrams or 

fish bone diagrams are a management tool that allows organizing information 

about the causes and effective decisions. In quality management, affinity diagram 

is utilized to analyze the raw material of questionnaires and all types of surveys. 

But the affinity diagram method applicable only for non-numeric information as 

the associated method relies not on logical constructs, but on associations of 

decision makers. 

 Pareek and Satapathy (2020) explored the work life sphere of Odisha 

Womenpreneurs under Mission Shakti initiative in Cuttack. In this study 

interview method was followed to collect response from 56 women entrepreneurs 

from Cuttack. Using affinity diagram, the analysis of the collected data was 

evaluated. The study found that the impact of women entrepreneurs on growing 

economy as well a view into the work life sphere of womenpreneurs in Odisha 
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under Mission Shakti. Kumar et al. (2019) used affinity diagram to analyse the 

design aspects of coconut climbers in Kerala. 

 Trial and error method is repeating, varied attempting process carried out 

until efficient design is arrived. It can be applied for the cases were this method 

can only work, but for the other cases if faster method exists than this can be 

adopted. 

 Influence diagram approach helps to improve the safety features of the 

entity by human reliability assessment. Khakzad (2021) used the method of 

influence diagram and mathematical programming as a decision support technique 

in the case of optimizing fire fighting. But he found that mathematical 

programming is efficient than influence diagram. 

 Conjoint analysis is a decision making tool which breaks a product into 

different components and asks the customers to choose preferred component from 

the various alternative components available. Mazurova (2017) aims to execute a 

comprehensive study of the influence of three factors, brand, colour and position 

on customer choice in e commerce. In order to answer main research questions, 

researcher conducted experiments with 96 different combinations of the three 

attributes, and through statistical analysis, such as conjoint analysis, t-test analysis 

and Kendall analysis, identified that the most influential factor to the online 

consumer decision making process is brand, the second most important attribute is 

the colour, which was estimated half as important as brand, and the least 

important attribute is the position on the screen. 

 According to ReVelle (1998), Quality Function Deployment (QFD) 

technique has different names such as matrix product planning, decision matrices 

or customer driven engineering, as referred by quality professionals. 

 According to Shahin (2005), QFD is a structured process, a set of 

interlinked engineering and management charts, a visual language which uses 

different management tools. QFD establishes customer value using the ‘voice of 

the customer’ and transforms that same to design, fabrication, and production 

process characteristics. The result is a process of systems engineering, which 

prioritizes and links the product development process so that it assures design 



25 

 

quality as demanded by the customer (Dean, 1998). QFD involves a development 

of House of Quality (HoQ) to complete the task. The different stages and 

procedure of making HoQ was given in a review work.  

 Kumar et al. (2019) studied the QFD methodology and applied it for their 

performance evaluation on coconut palm climbing aid along with Analytical 

hierarchy process. In this study, the survey conducted revealed the details of the 

customer or climber requirements. The related technical requirements of the aid 

and ergonomical factors were deduced from the survey. The relative importance 

of each climber requirements was determined by analytical hierarchy process. The 

relationship between the climber requirements and technical requirements were 

sought from climbers. This relationship was rated on scale and represented in 

QFD chart. The total weight of each technical requirement was determined and 

their relative weight. The customer or climber assessment was rated on five point 

scale revealed that the training, cost free climbing aid, quantity of work output 

were rated high, over four point by climbers for customer requirements. Easy to 

use, quality of machine, working posture and easiness in climbing up and 

downwards, discomfort hip and hands were rated above three point. However, the 

weight of aid in carrying, repair and safety were rated at point 2.5 and below 

which indicated that the factors have to be improved and needs immediate 

attention. The correlations between the technical requirements were compared in 

the roof of QFD chart. The correlations were either positive or negative in nature 

and other factors were not related at all from the chart. The engineering 

assessment of technical requirements and directions for improvements are given 

in QFD charts. The design and improvements in fabrication are discussed with 

inputs received from the climbers who are traditional professionals.  
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CHAPTER III 

MATERIALS AND METHODS 

 In this chapter, the methodology of the research was discussed which 

includes the study on existing machines and design, preliminary studies, 

optimization of design with procedure of computer aided design and selection of 

design. 

3.1 Studies on existing machines and design 

 The machines used in the study are KAU Pokkali Paddy Harvester and 

Truxor DM 5045 (Amphibian weed harvester used for pokkali paddy harvesting). 

Reddy (2018) studied the design analysis of KAU Pokkali Paddy Harvester and 

designed a scale down prototype of the same. KAU Pokkali Paddy Harvester and 

its scale down design have no other differences except the size. The details of the 

existing machines are discussed in the following section. 

3.1.1 KAU Pokkali Paddy Harvester 

 The KAU Pokkali Paddy Harvester consists of engine, float, track belt, 

cutter header assembly, hydraulic system and conveying system. Fig. 3.1 shows 

the side view of KAU pokkali paddy harvester with its parts and Fig. 3.2 shows 

the isometric view of the same. 

3.1.1.1 Engine  

 The engine was a 45 hp diesel four stroke engine Mahindra make (M&M) 

providing power to the entire machine for various operations. Engine was 

mounted at the top and in between two air chambers, rear of the operator cabin. 

The engine powers the hydraulic pump and entire machine operations were 

powered by engine through hydraulic system. 
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3.1.1.2 Air chamber 

 Floating barges (Floats) or air barges (air chambers) are of same term 

which is just an air filled structure. Floats or air chamber are provided to exert an 

upward buoyancy force when the machine enters the water body. Based on the 

Archimedes principle, the floats were constructed, and additionally the air 

chamber was also provided to the machine. The float has the overall dimension of 

the 4800 x 600 x 800 mm (length x width x height) mm and constructed with MS 

sheet metal (gauge-12). Additional air chamber of size 4860 x 1012 x 500 mm 

(length x width x height) was provided with MS sheet metal (gauge-12) 

construction. The MS sheet metals were 2 mm thick. 

 

 

 

 

 

Fig. 3.1 Side view of KAU pokkali paddy harvester (Reddy, 2018) 

 

 

 

 

 

 

Fig.3.2 Isometric view of KAU pokkali paddy harvester (Reddy, 2018) 
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3.1.1.3 Track belt 

 Track belts are provided to facilitate traction in the soil surface. They are 

made up of polypropylene material of 10 mm thick. There were 52 numbers of 

grousers along with ledger plates made up of marine aluminium. 

3.1.1.4 Paddle 

 The paddle is provided for the propulsion of the machine. A paddle is a 

revolving structure comprises of 8 angular blades connected to the shaft driven by 

chain and drive mechanism. 

3.1.1.5 Hydraulic system 

 The hydraulic system consists of a hydraulic pump, pressure gauge, 

valves, filters, and pipe structures. The system uses the seamless tubes with higher 

tensile strength, high wall thickness, better bending quality, etc. which makes 

such tubes most suitable for use in high pressure hydraulic systems. The systems 

and actuators of the harvester were controlled by the hydraulic system through 

hydraulic pumps or cylinders. Engine drives the hydraulic system, resulting in 

pressurised oil supplied to the required system in the harvester like cutter header 

assembly, track belts, paddle etc. The capacity of the double acting pump in the 

hydraulic system of the harvester is 61 l min-1, with hydraulic tank capacity 150 l 

(2.5 times the capacity of the hydraulic pump). Suitable hydraulic motor and 

cylinder were used wherever necessary. 

3.1.1.6 Cutter header assembly 

 The cutter header assembly comprises of cutter bar assembly and reel 

assembly. Width of operation of cutter header assembly is 2100 mm. Cutter bar 

assembly has cutterbar of reciprocating - standard - serrated type, and was 

operated by a hydraulic motor through a crank pitman mechanism. Cutterbar 

comprises 27 numbers of knife sections, each having a stroke length of 76.2 mm.  

A standard size twin guard is provided on either ends of the cutter bar in order to 

gather the crop and fed it to the cutting knife.  Knife sections are serrated and the 



29 

 

serration pitch provided was 1.2 mm.  Clearance between ledger plate and knives 

were maintained at 0.3 mm.  The reel adopted was five bat type (pentagonal) 0.84 

m diameter consists of pickup tynes. The reel speed index was 1.7 according to 

the previous study (Reddy 2018). The bats were 2100 mm wide (length of 

extension of bat shaft) and 50 mm diameter hollow shaft. The reel was powered 

by hydraulic motor through chain and drive mechanism. 

3.1.1.7 Conveying system 

 The conveying system has two conveyors namely the front conveyor and 

centre conveyor. Front conveyor (3000 x 1000 mm) collects the cut crops from 

cutter header assembly and conveys it to centre conveyor. Clearance of 12 - 15 

mm between conveyor belt and cutter unit was maintained.  The centre conveyor 

(6330 x 1000 mm) stores the cut crops collected from the front conveyor and 

disposes whenever required. The conveyors are also operated by the hydraulic 

system. The conveyor belts were made up of polypropylene materials of 3 mm 

thickness. 

3.1.2 Amphibian Weed Harvester (Truxor DM 5045) 

 The amphibian weed harvester (Truxor DM 5045 make) is made by a 

manufacturer Dorotea Mekaniska AB, Sweden. The machine has air barge with 

attaching hitch point for mounting different tools.  The size of the machine is of 

4700 x 2060 x 2100 mm (length x width x height). Weight of the machine is 1400 

kg. The various components of amphibian weed harvester (Truxor DM 5045) is 

shown in Plate 3.1. The computerized drawing of Truxor DM 5045 made was 

given in the Fig. 3.3. 
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Plate 3.1 Truxor DM 5045 

Major Components 

1. Engine      9. Traction belt  

2. Diesel tank      10. Pulley  

3. Front attachment     11. Chassis port 

4. Rear attachment     12. Platform 

5. Hydraulic system     13. Engine cabin 

6. Hydraulic tank     14. Operator seat 

7. Battery      15. Operator cabin 

8. Air Barge      16. Cabin cover (Canopy) 

 Important components and systems were discussed as follows. 

3.1.2.1 Engine 

 The engine is Kubota make – V1505-T Turbo diesel of 44.9 hp with 3000 

rpm (made in Japan). The forward speed varies from zero to 6 km h-1. Power from 

the engine is transmitted by hydraulic transmission via hydraulic pump, pulley, 

chain and sprocket mechanisms. The engine cabin (1700 x 1000 x 950 mm length 

x width x height) is mounted above and between two air barges. The entire cabin 

along with operator cabin can be moved from front end to rear end of the machine 
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which is controlled from the operator seat. The cabin is mounted on a rail placed 

above the air barge platforms to facilitate the movement of entire cabin to and fro. 

The engine cabin comprises of engine, hydraulic pump, battery, driving cabin etc. 

Fuel consumption varies from 5 to 6 l h-1. 

 

Fig. 3.3 Computerized Model of Truxor DM 5045                                                     

3.1.2.2 Air barge 

 The purpose of the air barges are explained already in the section 3.1.2. 

Two air barges are present in the machine, each having a dimension of 4000 x 650 

x 750 mm (length x width x height). Each air barge consists of two holes at the 

top centre position for expelling entered water if any by the means of pump 

situated inside. The air barges are spaced 600 mm away each other. Air barges are 

trough shaped at the bottom and plain at top surface. This air barge increases the 

volume of the total machine by holding air within itself. According to the 

Archimedes principle, the machine is constructed. The volume of the air barge is 

about 1.6 m3 each (observed from SolidWorks 2018). 
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3.1.2.3 Track belt 

 The caterpillar track is provided with track belt made of rubber material 

(dry plate) along with guide plate. On both sides of the machine, the caterpillar 

track surrounds the air barge, as shown in Plate 3.2. The track is made of grousers 

for propulsion of 530 mm width and 100 mm height with a thickness of 30 mm. 

Each grouser is spaced 200 mm (outer to outer). The power to caterpillar track is 

provided from the hydraulic system via hydraulic pump, hydraulic motor and 

pulley (stainless steel). At the front end of the track belt, adjustable pulley system 

is given for loosening or tightening the belt. 

 

Plate 3.2 Rear view of Truxor DM 5045 showing Track belt – Grousers – 

Pulley drive 

3.1.2.4 Attachments 

The attachments available are rakes, cutters, digger, pump, pile driver, 

hydraulic hammer, skimmer, tank, spreader, miller, grip bucket, log grab, and 

wood chipper. The attachments are to be mounted on either front or rear side of 

the machine. The cutting unit for weed harvesting is attached at the front 

mounting port connected with hydraulic pumps for lifting/lowering and cutterbar 

function. 
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3.1.2.5 Cutter Header Assembly 

 The weed harvesting attachment of Truxor DM 5045 is referred as cutter 

header assembly in this research. The attachment is commercially called as Doro 

Cutter ESM 50 (Plate 3.3 shows the cutter header assembly and the Plate 3.4 

shows the working of Truxor DM 5045 with its cutter header assembly). The 

cutter header assembly of Amphibian weed harvester consists of cutter bar 

assembly, collection bucket and tilting mount mechanism. The assembly can be 

raised or lowered from the hitching part of the machine. Assembly can be tilted by 

tilting provision provided at the cutter header assembly connected with hydraulic 

system. The mechanism is followed in cutter bar assembly is denoted as Busati 

double action knife model. The cutter bar is actuated by the hydraulic system. 

Cutter bar length is 2100 mm. The knife section is of standard cut type which has 

a stroke length of 76 mm and length of 85 mm. The knife section is a serrated type 

and ledger plate is provided at the bottom. The collection bucket is made of 

flexible mesh at the bottom in single layer. In the sides of the bucket is double 

layered mesh. The mesh is held by the frame structure. The frame structures are 

made of aluminium alloy of marine type. The weight of the assembly is 110 kg. 

Overall length of the assembly is 2.25 m. Width and height of the unit is one 

meter each.  

 Various components of amphibian weed harvester (Truxor DM 5045) 

were specified in Table No. 3.1. 
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Plate 3.3 Amphibian Weed Harvesting Attachment 

 

Plate 3.4 Amphibian Weed Harvester (Truxor DM 5045) 

Table No. 3.1 Amphibian Weed Harvester Components and Specifications 

S. No Component Quantity Description 

1.  Engine 44.9 hp, 114 kg Kubota V1505 T Turbo 

Diesel 

2.  Diesel Tank 35 l (Max.), 

 29.75 kg 

Density of diesel 

 0.85 kg l-1 

3.  Cutter header 

assembly 

109 kg Double action Busati 

knife - Front attachment 

4.  Battery 14 kg, 12 V, 45 Ah Electronic system 

5.  Hydraulic Tank 36 l, 33.12 kg Eco friendly Panolin Oil 

6.  Rear DM bracket 16 kg Rear  attachment 
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3.1.2.6 Stability and Safety 

 The machine can be sustainable with 1500 kg of load (including machine 

weight). Any attachment apart from manufacturer recommendation should be 

liable within the limits to sustain the stability. Minor changes in stability can 

cause excess fuel consumption and significant stability variation which can make 

the machine sinks or turn over. Most of the components were constructed with 

aluminium in the view of weight reduction; some parts such as chain and sprocket 

are made of stainless steel. Some attachments are made of mild steel alloy. Pumps 

are provided inside the air barges to expel out the water entered inside the barges 

accidently. Only single person (operator) is allowed while riding. The sensors are 

provided for various safety features which make the machine costlier.  

3.2 Preliminary Studies 

 The section includes the survey conducted on farmers to identify the 

constraints and collection the data required for mechanized harvest of pokkali 

paddy. It also includes the plant density calculation of pokkali paddy. 

3.2.1 Survey on Farmers 

 The survey carried out at Ernakulam and Alapuzha districts in Kerala by 

direct interview with the pokkali farmers, visiting their fields. The focus of the 

interview was based on the mechanization of harvest of pokkali paddy with 

reference to existing designs, manual harvest and their demands. The 

questionnaire followed to collect the data of various factors was given in the 

Appendix I. The questionnaire had socio - economic details of the farmer, 

cropping information, labour requirements, cost economics, harvesting aspects 

and technical parameters required for mechanized harvest. With the collected 

data, the constraints were plotted as an affinity diagram or fish bone diagram to 

get a clear understanding about the constraints observed for the mechanized 

harvest of Pokkali paddy through brainstorming method. Further, the farmer 

requirements were applied in the procedure of quality function deployment 

technique, which is discussed in the section 3.4. 
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3.2.2 Calculations on Plant density 

 Pokkali Paddy varieties (Chootu pokkali, Virippu indigenous varieties and 

‘Vytilla-1, Vytilla-10’ RRS Vytilla varieties) were taken and experimented for 

estimating the number of seedlings on field. 

 

Plate 3.5 Volume determination of pokkali paddy (‘Vytilla - 1’ variety) using 

Toluene displacement method 

   

Plate 3.6 ‘Vytilla - 10’ variety pokkali paddy seeds 
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  By Toluene displacement method, bulk density of pokkali paddy seeds 

was calculated by determining the volume. The known volume of toluene is taken 

in a 100 ml measuring jar. Then known mass of sample was added into the 

measuring jar. The volume of the sample is observed from the increase in volume 

of measuring jar. Similarly, 10 repetitions were carried out each four different 

varieties of pokkali paddy, observations were provided in Appendix II. 

Bulk density =  
Weight of the Sample

Volume of the Sample
 

1000 Seed Weight = X 

No. of grains in 10 Grams =  
𝑋

10
 

Seed rate = 75 kg ha-1 

No. of seeds in 30 Kilogram = Y = X * 3000 

No. of seedlings out of 30 kg seeds = Y (Assuming 100% of germination)  

No. of seedlings in one Acre = Y 

No. of seedlings in 1 square meter area =  
𝑌

4000
 

3.2.3 Other parameters on harvesting 

 The field parameters including soil (textural classification, colour, bulk 

density, shear strength, resistance, type, pH, electrical conductivity (EC) and 

organic matter) and water properties (water stagnation level, salinity, pH and 

direction of movement), crop parameters apart from the parameters found through 

Sections 3.2.1 and 3.2.2 were collected from Rice Research Station, Vytilla and 

previous studies (Sudhan et al., 2016; Mumthaz & George, 2017). 

3.3 Design of different computer aided models of cutter header assembly 

 Four different computer aided models of cutter header assembly for 

pokkali paddy harvest was designed using the software SolidWorks version 2018. 

... 3.2 

... 3.3 

... 3.1 
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The cutter header assembly has the following major sub assemblies, namely cutter 

bar assembly and gathering assembly. Cutter header assembly for pokkali paddy 

harvest was conceptualized in four different models, namely multiple bat reel 

system (design I), single bat reel system (design II), vertical axis gathering system 

(design III), floating header assembly with projected conveyor system (design 

IV). 

 

 Fig. 3.4 shows the power flow diagram of Truxor DM 5045 (Amphibian 

weed harvester machine) attached with the designed models of cutter header 

assembly. The chemical energy in the fuel is converted into mechanical power at 

the engine which is converted into a hydraulic energy at hydraulic pump and runs 

over the machine for various purposes. Each component receiving hydraulic 

power is converted into a mechanical power through hydraulic motors. 

 

 

Fig 3.4 Power flow diagram of Truxor DM 5045 for the proposed designed models 
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3.3.1 Design of Multiple Bat Reel system (Design I) 

 Any cereal crop harvesting machines such as paddy and wheat harvesters 

have the reel mechanism in its header assembly for the efficient collection and 

conveyance of the crop stalk into the cutting unit. In order to gather the crop and 

convey it into the cutting unit, a reel is adopted as in combine harvesters with 

slight modifications required to the pokkali field conditions. A reel may consist of 

hexagonal, pentagonal or tetragonal shape based on the number of bats, pick up 

tynes. The tyne actuation mechanism is also used to actuate the tynes in order to 

pick up the crop. Reel index, reel rotational speed in rpm, angular velocity, 

diameter, size of pitch, type of tyne actuation mechanism, number of tynes, tyne 

spacing are the parameters to be fixed in the design. The performance of reel is 

greatly based on reel speed index, diameter of the reel, rotational speed, staggered 

area and pitch. Hence it’s important to understand the relation between each and 

other parameter. 

ut =  tangential velocity of tip of the bats, m s-1,  λ = Reel index 

vm = forward velocity, m s-1 

ωr = angular velocity of reel, rad s-1  

 Rr = radius of reel, m 

Pr = Size (pitch) of reel, m 

xt = Path travelled in single rotation of reel on shaft with whole, m 

t = time of a single reel revolution, s 

α = Angular displacement 

Zr =Reel Stagger 

n = Number of bats 

F = Reel force, N 

L = Crop height, m 

H = Reel Height Position, m 

h = Height of left over crop stubble, m 

Reel Index =  λ𝑖 =
𝑢𝑡

𝑣𝑚
 

Tangential velocity of bats = ut = ωr Rr ... 3.5 

... 3.4 
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Reel radius =  𝑅𝑟 =
λ𝑖 vm

ωr 
 

Angular velocity of bats = ωr =
2πN

60
 

Distance travelled in one rotation, xt = vmt  

Time for single revolution =  𝑡 =
2π

ω𝑟
  

𝑥𝑡 =
V𝑚2π

ω𝑟
 

λ𝑖 =
ω𝑟R𝑟

V𝑚
 

𝑥𝑡 =
2πR𝑟

λ𝑖𝑥𝑡
 

Size of Pitch = 𝑃𝑟 =
𝑥𝑡

𝑛
 

Number of bats, 𝑛 =
2π

α
 

Angular displacement = α = ωt – cos−1 {
Zr

R+cosωt
} 

𝑅0 =  
𝑉𝑚

ω𝑟
 

Rr = R0λi 

Height of reel axis position from cutting unit,  

𝐻 =  𝐿𝑐 − ℎ +
𝑅

λi
 

 Reel index is defined as the ratio of reel peripheral speed to forward travel 

speed and is typically 1.25 to 1.5 under most conditions in upright crops (Kepner 

et al., 1978). The absolute velocity of the reel should be greater than the forward 

speed of the harvester. The reel should touch the crop below the centre of gravity 

of the crop   

... 3.6 

... 3.7 

... 3.8 

... 3.9 

zzzzzzzzzz

z 

... 3.11 

... 3.12 

... 3.13 

... 3.14 

... 3.15 

... 3.16 

... 3.17 

.. 3.18 

... 3.10 
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      Plant density per unit length of reel bat =
Plant density per unit area

𝑃𝑟
 

Pr - Pitch of the reel (distance covered by the each bat on single rotation) 

Mass handled by reel bat = Plant density per unit length x Individual plant mass 

per unit length         

Power required for a reel 

𝑃 =
2πNT

60
 

P - Power required for a reel (N) 

N – Number of revolution per minute (RPM) 

T – Torque involved (Nm) 

T =  
I ω2

2
  

I – Moment of Inertia (kg m2) 

ω - Angular velocity  

I = mR2 

m – Mass of the reel (kg) 

R – Radius of gyration (m)  

Hydraulic system required for lifting the reel assembly 

Pressure = 
Force

Unit area
 

Unit area = 
Force

Pressure
 

Pressure (P) available at the outlet port of Truxor DM 5045 is given as 110 bar 

Force = mg 

A = πR2
h 

A = 
mg

P
 

... 3.19 

... 3.20 

... 3.21 

... 3.22 

... 3.23 

... 3.24 

... 3.25 

... 3.26 

... 3.27 

... 3.28 
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Rh =  {
mg

Pπ
}

1/2

  

 

A – Area of piston head (m2) 

Rh – Radius of piston head (m) 

m – Mass of reel assembly (kg) 

 The various reel speed index with its derived variables were calculated 

using Microsoft Excel software and tabulated in the Appendix III for hexagonal, 

pentagonal, tetragonal reel types with varied diameters. The reel model cutter 

header assembly was designed with a width of 2100 mm (assumed to be same as 

machine width), diameter of 250 mm (as the cut portions are to be small and also 

to reduce the weight of the assembly, smaller diameter reel is assumed), and four 

bats with projected tynes for pick up. The tyne actuation mechanism used was 

cam and follower type.  The tynes were always holding a contact angle when the 

position is at front of the reel and keeps upright at the back side of the reel i.e. 

near cutterbar. This facilitates the reel can be placed as near to the cutterbar. The 

reel assembly can be lifted with a hydraulic system to various heights depending 

on the crop and field conditions. The mass of the reel may be approximately 50 

kg. Calculations on power requirement of the gyration of reel are given in the 

Appendix III.  

 The power from the prime mover is received at the hydraulic motor which 

transmits the hydraulic power to the motion. Rotational motion from the hydraulic 

motor can be transmitted into reel assembly through chain and sprocket 

mechanism. Same motor output can be divided and utilized for the cutterbar 

assembly. 

 According to Kanafojski and Karwowski (1976), the knife edges can be of 

three kinds i.e., reciprocating cutting knife edges, rotating knife edges and 

continuous plane motion knife edge. Out of these, continuous plane type is not 

used for harvesting purposes, which can be neglected. Cutter bar assembly with 

reciprocating cutting knife edge is of three different types.  
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They are,  

1. Standard type (Conventional) 

2. Low cut type 

3. Medium cut type 

Among these standard type cutter bar with reciprocating knife was chosen 

for harvesting cereal crop. 

The velocity of knife section is expressed as, 

Vk = R x Vm 

Number of Knife Sections: 

Number of knife sections =  
𝐿𝑐

size of knife section
 

Size of knife section (t): In the conventional (standard) type of cutter bar the knife 

edge stroke ‘S’ is equal to the distance t between the ends of adjacent fingers 

(between the axes of symmetry of two adjacent fingers). 

S = t = 76.2 mm 

Where, 

Vk  = Average knife velocity, m s-1                  

Vm = Forward speed of harvester, m s-1  

R = Cutting index 

Lc = Length of the cutter bar, cm 

S = Knife edge stroke, mm 

t = Distance between the ends of adjacent fingers, mm 

 Crank revolution count is given by the equation (Celik, 2006), 

𝑉𝑘 =
𝑆𝑛𝑐

30
 

nc = Number of crank revolutions 

...3.29 

...3.30 

...3.31 

...3.32 
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The angle between cutting edge and axis of knife section (α) shall be 310 

the velocity should be 1.5 m s-1.  The value of R (cutting index) shall be in the 

range of 1.3 to 1.4 with available cutter knife (Klenin, 1985) 

The Fig. 3.5 shows the working diagram of crank pitman of cutter bar 

assembly. The point ‘O’ is the centre point of crank which is operated from the 

power transmission system of ‘N’ rpm. The mechanism of slider crank is used for 

converting the rotary motion of the crank into reciprocation motion of cutter bar 

through pitman. 

 

Fig. 3.5 Crank – Pitman motion for standard cutter bar assembly  

 In Fig. 3.5, the line ‘AB’ marks the pitman position at the start of the 

stroke and line ‘CD’ indicates the pitman position at the end of one stroke. Line 

EG and FG indicates the midpoint between start and end of the strokes. The 

cutterbar so have two strokes per each revolution of crank.  

Power required by the cutter bar assembly is thus given as follows, 
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Power required =
2πNT

60
 

N = Number of revolution of crank pitman (rpm) 

T = Torque required (N m) 

 Cutterbar was also 2100 mm wide mounted on the cutter header platform 

in which the reel is mounted. Cutter bar assembly has cutting knife and ledger 

plate which can be actuated by crank and pitman to be powered by a hydraulic 

motor. Cutterbar assembly is mounted on the front side of the cutter header 

platform. To the rear of the cutter bar assembly, front conveyor was mounted.  

3.3.2 Design of Single bat reel system (Design II) 

 The compact system at header avoids the problem of stability imbalance in 

the floating harvester. Hence the reel system can be minimized with a single bat 

with lengthened pick up tynes can be tested. The normal reel type having a single 

bat instead of multiple bats as in previous design is conceptualized based on the 

weight reduction and increased tyne size. The major components are tynes, bat, 

and actuation mechanism.  

 The design model is built with single bat of 2100 mm width and tynes 

projected of length 150 mm. The angle of orientation, tyne spacing and length of 

the tyne has to be optimized from the field experiments. The radius of gyration is 

set to be 125 mm (assumed to have a diameter of 250 mm rotation. The reel 

rotational speed will be more than the multiple bat reel design as observed from 

the reel design calculations. The power from the hydraulic motor is transmitted by 

reducing gears and double crank mechanism. The power requirement of the 

system is also less compared with the multiple bat system. The power requirement 

for running single bat reel is expressed by the equation 3.20 and results are given 

in Appendix III. The kinematic design of the single bat reel actuation four bar 

mechanism is explained as follows. Different path formulations can be made by 

changing the link lengths. According to Kamat et al.  (2014), for an ellipse path, 

links should be designed in such a way differing the crank length from all other 

links and length of all other links should be equal. For a circular path, opposite 

...3.33 
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links should be of same length. Similarly, for each path different design criteria 

are followed. For tracing the path followed by the point in a four bar link of a 

particular set of dimensions, the points t various position of crank revolution at 

3600 has to be found out, and line or curve connecting these found points gives the 

path followed by the link or point. Various sets of dimensions can be tried as 

iterative process to get the desired path. 

 The cutterbar assembly analysis was same as in section 3.3.1, discussed in 

case of multiple bat reel system. 

3.3.3 Design of vertical axis gathering system (Design III) 

 The vertical axis reel gathering mechanism consists of bats aligned in 

vertical axis on two sets, one on right and other on the left. The major parameters 

which are to be described in this mechanism is number of sets, number of bats, 

radius of gyration, angle of inclination, angle of attack, projected tynes, and 

actuation mechanism. 

 The design consists of two sets of vertically oriented bats each covering a 

length of 1000 mm. There are four numbers of bats on each set, placed two above 

the cutter bar assembly and two below the cutter bar assembly. The bats were 

fixed on the vertical bar of 500 mm (assumed as the maximum height of cut stalk 

portion), with a bat spacing of 100 mm (assumed to be same spacing as in the 

horizontal type reel). The bat doesn’t have pickup tynes or projections, which can 

be further added on necessity. The bat has a curvature at the end, comes in the 

middle of vehicle axis.  

 The vertical bar is actuated by the crank and pitman mechanism through 

supporting frames. The crank and pitman is individually available to both the sets 

and derive power from the hydraulic motor through gears and shafts. 

 The cutterbar size is selected as 2100 mm and rest of the analysis was 

same as discussed in case of multiple bat reel system in section 3.3.1. 
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3.3.4 Design of floating header with projected conveyor system (Design IV) 

 The floating type cutter header assembly is based on the concept of 

stability maintenance of the harvesting machine.  The floating cutter header 

assembly consists of floats, cutter bar assembly, frame connecting prime mover, 

cutter header assembly and conveyor with special pick up construction. The 

design float will be based on buoyancy force and stability. According to 

Archimedes principle, the weight of the cutter header assembly must be less than 

the weight of the water displaced by the floats. The shape of the float should have 

minimum damage to the crops or not destroy the crops. 

 The assembly has two floats which are spaced 2200 mm apart, on each 

side by holding the frame. The frame is fixed between the two floats, just below 

the top surface of the float. The hydraulic motor which powers the cutter bar 

assembly was placed on the frame, midpoint between the two floats to maintain 

stability. The cutter bar assembly is operated by the hydraulic motor which is 

located at the lower part of the frame, which cuts the crop at just below the water 

surface. The cut crops will be picked by the conveyor just behind the cutter bar 

assembly, also extending few centimetres below the cutter bar assembly. The 

conveyor belt is having projections on the surface to pick the crop stalk which has 

cut, and the conveyor is also mesh type to drain the water. 

 The cutterbar width is 2100 mm. The height can be adjusted and fixed as 

per the field changes. The cutterbar assembly analysis was same as in section 

3.3.1, discussed in case of multiple bat reel system. 

3.3.5 Energy inputs in Pokkali Harvesting 

 The energy involved in the harvesting process is calculated for both 

manual and mechanical harvesting with newly designed assembly and existing 

weed harvesting attachment suitable for Truxor DM 5045. The procedure of 

energy calculation (Pari et al. 2016) is as follows. 
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3.3.5.1 Manual harvesting 

No. of labours (days) involved in harvesting on ha: N 

Energy consumption (food) of human per day: HEinput 

(Considered from Patzek (2004) as 4000 kcal per day per person) 

Yield of grains per ha : Qyield 

(Yield of indigenous pokkali paddy variety, 1500 kg ha-1) 

Total Energy involved in manual harvesting: TEinput = N x FEinput   

3.3.5.2 Mechanical harvesting 

Mass of the Truxor DM 5045 with harvesting assembly: Mtruxor 

(Considered from section 3.1.2 along with approximate mass of harvesting 

assembly to be added – 1600 kg) 

Major construction material: Marine Aluminium 

Embodied energy of construction material: EEinput 

(As per IEA, 2009 Aluminium has 211 MJ kg-1 which is more than steel 22.7 MJ 

kg-1) 

Life of the machine: L  

(Assumed value similar to combine harvesters and crawler tractors as 6000 h) 

Fuel Consumption, FCtruxor 

(Observed from section 3.1.2.1, maximum fuel consumption is 6 l h-1) 

Energy involved in fuel consumption: FEinput 

(As per Cervinka (1980) 47.8 MJ l-1 for diesel fuel) 

Energy involved in lubrication = FEinput x 15% 

... 3.34 
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(As per ASABE, 2006 – 15% of fuel energy) 

Energy consumption for labour (operator): HEinput 

(As per manual harvesting) 

Field capacity (ha h-1),  Fc =  
Forward speed x operational width x % efficiency)

10000
 

Forward speed - 1500 m h-1, Operational width - 2.1 m, Actual field capacity – 4 

to 5 h acre-1 

Time per ha,  𝑇𝑐 =  
1

𝐹𝑐
 

Direct energy consumption, 

DE𝑖𝑛𝑝𝑢𝑡 = (1.15 x FC𝑡𝑟𝑢𝑥𝑜𝑟  𝑥 Tc 𝑥 FE𝑖𝑛𝑝𝑢𝑡) +   
HE𝑖𝑛𝑝𝑢𝑡

Fc 

   

(1.15 is the factor for 15% included for lubrication energy)  

Indirect energy consumption,  IE𝑖𝑛𝑝𝑢𝑡 =
EE𝑖𝑛𝑝𝑢𝑡  𝑋 M𝑡𝑟𝑢𝑥𝑜𝑟

L x Fc
 

Total energy involved mechanical harvesting, TE𝑖𝑛𝑝𝑢𝑡 = DE𝑖𝑛𝑝𝑢𝑡  + IE𝑖𝑛𝑝𝑢𝑡 

Harvesting energy required per yield = 
𝑄𝑦𝑖𝑒𝑙𝑑

𝑇𝐸𝑖𝑛𝑝𝑢𝑡
 

3.4 Selection of best design  

 There are four phases involved in the selection process, namely, Quality 

Function Deployment (QFD) technique, Analytical Hierarchy Process (AHP), 

Questionnaire and Survey process and Statistical analysis. 

3.4.1 Quality Function Deployment technique analysis (QFD) 

 QFD was selected for finalizing the design of cutter header assembly 

based on the voice of customer identification, expert and farmers rate on different 

designs to select suited model for the pokkali paddy harvest. The method of QFD 

technique is done by framing a ‘House of Quality’ (HoQ), which is represented 

... 3.35 

... 3.36 

... 3.40 

... 3.38 

... 3.39 
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in the Fig. 3.6. The procedure of the QFD by framing HoQ followed as per 

previous study (Shahin, 2005). The voice of customers (customer requirement) 

from farmers and expert opinion were collected through the survey by direct 

interview with questionnaire (Appendix IX) to select a best model. Requirements 

and suitable designs made (as in section 3.3) which is further evaluated by expert 

committee through questionnaire along using rating chart. Expert committee 

includes 19 respondents (Appendix IX) from the Farmers, ICAR – Institutes, 

KVKs, Rice Research Stations, State Agricultural Universities and Industries. 

They were selected based on the experience and knowledge on pokkali system 

and design of agricultural machineries. Further the best design was found and 

suggested for further design and developments. Detailed procedure is explained as 

follows. 

 

Fig. 3.6 House of Quality (HoQ) (Menks et al., 2000) 

Step 1: Customer requirements (‘Whats’): Requirements of the customers 

(called as ‘Voice of Customers’ (VoC), in this study is from farmers who were 
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considered as the customers) were identified from the survey conducted among 

pokkali paddy farmers as mentioned earlier in the section 3.2. The questionnaire 

of the same is given in the Appendix IX. The customer requirements were 

classified into major and minor criteria. Under three major criteria (Harvesting 

performance, Machine performance and Component evaluation), ten minor 

criteria are placed. The minor criteria under three major criteria are as follows, 

 1. Harvesting performance: Under the major criterion of harvesting 

performance, minor criteria includes cutting performance, gathering performance, 

collection and conveying, cut stalk losses, uncut stalk losses 

 2. Machine performance: Under the major criterion machine 

performance, minor criteria include manuevarability, transportability, stability and 

field capacity. 

 3. Component evaluation: Under the major criteria component 

evaluation, minor criterion includes importance of components. 

Step 2: Customer importance rating: Different requirements of the customers 

have to be given weightage based on the importance of the requirement. For 

determining weightage for minor criteria was carried out by a method called as 

Analytical Hierarchy Process (AHP). The AHP method was carried out for 

minor criteria which are plotted on both row and column in a table as illustrated in 

Appendix IV. These matrixes indicate a preference or priority for each decision 

alternative in terms of how it contributes to each criterion. This was done for each 

major criterion separately.  

 The pair wise comparison was done between each and every minor 

criterion within the major criteria. When the parameters (minor criteria) have 

equal importance upon each other, the rating provided is 1. Hence the diagonal 

values tend to be unity always. When the row parameter important than column 

parameter in a cell, value between 2 to 9 is preferred depending on level of 

importance. In the next step of AHP, the column values are summed to give a 

column total. By dividing each column value with its corresponding column total, 

normalized pair wise comparison matrix is formed. Now the average of a row in a 
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normalized pair wise comparison matrix gives the relative priority of the 

parameter in corresponding row. The sum total of priority values should yield a 

value of one, otherwise the result is inconsistent. Also the consistency is checked 

with consistency ratio. Once the weightages are found, it is multiplied with the 

corresponding column values and further the summation of row values are taken. 

These are called as weighted row summation. Now each weighted row summation 

is divided with corresponding weightage calculated earlier. The fraction of 

weighted row summation and weightage values gives ‘n’ number of values, whose 

mean is considered to be λmax. Using the formula below, the consistency index 

(‘CI’) is determined. 

CI =
λmax−𝑛

𝑛−1
 

 Further the random number was selected from the Random index table in 

the Appendix IV. The fraction of consistency index and random number gives the 

consistency ratio which should be less than 0.1 for a consistent result. If the result 

is inconsistent, the process should be repeated for different weightage. If the result 

is consistent, the priority values are considered as weights for the minor 

requirements. These weights are used for weighted sum calculation in further 

analysis in house of quality building. 

Step 3: Technical specifications (Hows): Based on the requirements of the 

farmer, the technical requirements (engineering parameters) for the cutter header 

assembly of pokkali paddy harvesting machine were listed as per the HoQ. This 

has to be done by the engineer by analysing the VoC and technical requirements 

to satisfy the VoC. The specifications considered were reel type, cutter bar type, 

reel speed index, position of operation of cutter header assembly, material of 

construction and mass density of the assembly. 

Step 4 (Relationship matrix): The relationship between VoC and technical 

specifications is dealt in this section of matrix. Being centre part of the HoQ, it is 

the element corresponds to “whats” and “hows”. It is completed by the expert 

group of technical people in the field of Pokkali Paddy through questionnaire 

... 3.41 
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and survey process. The relationship is stated by 1-3-5-9 rating, out of which 0 is 

no relationship, 3 is less relationship, 5 is moderate relationship and 7 is higher 

relationship and 9 extreme relationship. Rows of the matrix were minor criteria 

and columns were technical requirements (Appendix V). The weightage observed 

from the step 2 is incorporated to give a weighted relationship matrix (formed by 

product of weightage and corresponding criterion’s row values). The column 

summation gives the total score of each technical requirement and ranking is 

observed which decided the design process in future. 

Step 5: Correlation matrix (roof of HoQ): Triangular part of HoQ which 

describes the supports and conflicts in between the ‘hows’. Strong positive 

correlation (++) or weak correlation (-) or no correlation (--) between each 

technical specification (hows) with other are stated. This was done by the research 

group of technical people based on past experience and test data available. 

Step 6: Target goals: This step provides the how much of ‘hows’ to be used or 

supplied. In this case, the design values of various technical parameters are to be 

chosen by the research team. The goals are necessary to be measured and 

quantified based on the suggestions from expert evaluation through questionnaire. 

Step 7: Technical Competitive evaluation: It is the section for comparing 

different designs or existing product with the new one. It has to be completed by 

the user or customer by providing ratings and in this research it is provided by 

expert committee with 19 respondents. Here, the competing designs were the 

different design models made in the section 3.3. Out of five star rating on ten 

minor criteria under the three major criteria for four different design models 

recieved from the respondents, customer rating matrix is formed with criteria as 

rows and design models as columns (Appendix VI). 

Step 8: Overall importance ratings: The weightage values calculated out of 

AHP process in the step 2 is incorporated and weighted customer rating matrix us 

formed (weightage of corresponding criterion is multiplied with row values and 

column summation is done). Ranking of the design models were made in 

descending order of column summation. The designs are ranked from 1 to 4.  
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3.4.2 Statistical Analysis 

 Statistical analysis was carried out using Microsoft Excel software through 

one way ANOVA test and Post hoc – Tukey HSD (Honest Significant Difference) 

test. Analysis of Variance (ANOVA) test conducted on comparing the 19 

responses (from QFD - step 7) on individual minor criterion to each of four 

designs. The level of significance was assumed as 5%. One way ANOVA gives 

that each minor criterion either have overall significant difference or not between 

four different models. But the post hoc – Tukey HSD test gives 

significant/insignificant differences between each and every design models with 

respect to each minor criterion. Significance was mentioned with alphabet in 

exponential of mean of the cell with respect to minor criteria and design model. 

The results of QFD method and statistical analysis were compared and inferred. 

3.4.3 Finite Element Analysis   

 ANSYS Workbench, 2018 software was selected for finite element 

analysis. Finite element analysis was carried out on the element (bat and/or tyne) 

which is suspected to be under failure in reel assembly of selected design to check 

the safety of assembly on loads with different shaft diameters. The minimum 

thickness hollow shaft is to be selected in order to have minimum weight.  

 The assumptions were as follows,  

1. Crop mass load is uniformly distributed on the assembly and on a single 

surface (top or bottom surface) 

2. Wet biomass availability is assumed to be 10000 kg ha-1 during the time of 

harvest 

3. Dynamic water pressure was considered as per the following equation 

𝑃 =  
1

2
𝐷𝑉2 

P = Dynamic water pressure 

V = Forward velocity of the component 

D = Density of the water 

 From the second assumption, load (kg ha-1) is observed and converted into 

pressure (N m-2). The structural static loading was selected with the available 

...3.42 
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pressure value. Materials chosen were structural steel and aluminium. The von 

Mises stress and total deformations were observed for different diameters and 

materials. The minimum diameter material with less mass density under safer 

limits was selected. 

 The results from QFD results, statistical analysis and FEM analysis were 

analysed and feasible suggestions are identified to select the suitable design. 

Further the selected design model of the cutter header assembly can be developed 

and evaluated for pokkali harvesting. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 The results obtained from the various objectives are discussed in this 

chapter. The results of study on existing machines, preliminary studies, design 

analysis of different models of cutter header assembly and selection of a best 

design model are detailed as shown. 

4.1 Study on existing machines 

 Technical aspects of KAU Pokkali Paddy Harvester and Amphibian weed 

harvester (Truxor DM 5045) were studied. The KAU Pokkali Paddy Harvester 

was the first made for pokkali paddy, since the size and weight of the harvester 

are large which made the harvester difficult on practical field use. The main 

constraint for field application is due to the transportability of the machine to the 

fields and manuevarability in the field. 

 The Truxor DM 5045, the imported amphibian weed harvesting machine 

which can be utilized for various wetland purposes and it was suitably tested on 

pokkali fields. The size, weight and manuevarability were better on harvesting 

performance but does not provide the storage of cut crop stalks within itself. The 

crop stalks were removed completely as a whole, instead of cutting at a required 

height is also a problem in this case. Also the field capacity was less because of 

the time lag in depositing the cut stalks on bunds every time after the bucket is 

filled. Both the machines were amphibious in construction, which enhance them 

to work both land and water. Several important differences and similarities were 

observed between the machines get an understanding. The KAU Pokkali Paddy 

Harvester and amphibian weed harvesting machine (Truxor DM 5045) were 

specified in the Table No. 4.1.  
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Table No. 4.1 Specifications of KAU Pokkali Paddy Harvester and 

Amphibian Weed Harvester (Truxor DM 5045) 

S. No Parameter 
KAU Pokkali 

Paddy Harvester 

Amphibian Weed 

Harvester  

1.  Total Mass 3 tonnes 1.4 tonnes 

2.  Overall dimension Length - 9.67 m 

Width  -  2.22 m 

Height -  2.22 m 

Length 4.7 m 

Width 2.06 m 

Height 2.1 m 

3.  Float dimension Length - 4.80 m 

Width  - 0.60 m 

Height - 1.00 m 

Length - 4 m 

Width - 0.75m 

Height - 0.65 m 

4.  Engine Mahindra make 

(M&M) 

45 hp Diesel 

Kubota make 

44.9 hp Diesel 

5.  Hydraulic oil capacity 150 l Ordinary 

Hydraulic oil 

36 l Panolin Oil 

6.  Major construction material Mild Steel Marine Aluminium 

7.  Storage & Conveying system 

for harvesting 

Yes No 

8.  Engine cabin To & Fro 

movement 

No Yes 

9.  Paddle wheel Yes No 

10.  Operator availability sensor 

& Evacuation pump in 

floating barge 

No Yes 

11.  Rear attachments No Yes 

12.  Use Floating Paddy 

Harvester 

Multipurpose 

13.  Reel 5 bat (0.84 m dia)  No 

14.  Manufacturer name Kelachandra 

Harvester 

Dorotea Mekaniska 

(Sweden) 
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4.2 Preliminary studies 

 Preliminary studies such as survey, crop parameters, and soil - water 

parameters were carried out as mentioned in section 3.2. The results are discussed 

in detail in this section. 

4.2.1 Survey on farmers 

 Based on the survey conducted on the farmers as discussed in Section 

3.2.1, the constraints and demands on pokkali harvesting were identified and 

plotted as affinity diagram shown in Fig. 4.1. Information related to field and crop 

parameters which affected harvesting such as soil type, water level, crop height, 

cutting height, lodged/erect condition etc were collected through questionnaire. 

From these constraints, the machine parameters required for pokkali paddy 

harvesting were deduced.  

 

 

Fig. 4.1 Affinity diagram or Fish bone diagram on Constraints of 

Mechanization of Pokkali Paddy Harvest 



59 

 

 

The analysis highlighted the features demanded for a pokkali paddy harvester 

were such as amphibian nature of the traction, cutting and gathering mechanism 

suitability, stability, transportation and manuevarability etc. 

The cultivation practices and important operations are given in the figures 

and plates on the Chapter I. Apart from traditional followings, some fields are 

broadcasted without mound makings and some fields are mound made and 

transplanted. Harvesting mechanization is the major demand from the farmers, as 

discussed by the Ranjith et al. (2019).  

Also labour shortage and lack of experienced labours are constraints, 

which have a solution through mechanization. About 100 labour hours are 

required on harvesting of pokkali field, which is one of the labour intensive 

operations in pokkali paddy cultivation. Farmers with large land holdings 

demands a self propelled machine for harvesting, whereas for a small land holding 

farmers, walk behind type harvester is sufficient. Several fields which have weak 

bunds can break cannot be accessed by the heavy harvesting machines, makes the 

pokkali field situation, a critical constraint towards mechanization. The farmers 

prefer tied bundles of harvested crops by the machines. Machine should have a 

storage capacity for one acre in single go. Average cost of harvesting is ten 

thousand rupees per acre compared to a rental charge of three thousand rupees on 

mechanical rice harvesters. 

4.2.2 Crop parameters 

 The harvesting parameters include crop parameters, soil properties and 

water properties. Bulk density, 1000 seed weight and plant density of indigenous 

and RRS Vytilla varieties as per the procedure explained in section 3.2.2 and the 

results are given in the Table No. 4.2 and 4.3 respectively.  
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Table No. 4.2 Properties of Seeds and Plant density of indigenous varieties 

S. No Property Chootu pokkali Virippu 

1.  Bulk density (kg m-3) 492.35 477.65 

2.  1000 Seed Weight (gm) 028.80 034.50 

3.  No. of grains in 10 gm 348.00 290.00 

4.  Seed rate (kg ha-1) 075.00 075.00 

5.  
No. of seedlings in unit area 

(upon 100% germination) 

261.00 218.00 

Table No. 4.3 Properties of Seeds and Plant density of RRS Vytilla varieties 

S. No Property Vytilla 1 Vytilla 10  

1.  Bulk density (kg m-3) 497.24 532.04 

2.  1000 Seed Weight (gm) 028.00 026.00 

3.  No. of grains in 10 gm 357.00 374.00 

4.  Seed rate (kg ha-1) 075.00 075.00 

5.  
No. of seedlings in unit area 

(upon 100% germination) 

268.00 281.00 

 From the Table No. 4.2 and 4.3, the plant density (nos. per m2) is observed 

in the range of 268 and 281 (approximately 300). Depending on the number of 

plants present per square meter with individual plant weight has to be used in the 

design which is discussed in various sections. The crop parameters discussed in 

Table No. 4.4 compares the Vytilla varieties and indigenous varieties of pokkali 

system. The crop height, yield varies significantly for both the cases. 

Table No. 4.4 Crop parameters of the Pokkali field 

S. No Parameter Indigenous varieties Vytilla varieties 

1.  Crop height (cm) 170 - 180 130 - 150 

2.  Cutting height (cm) Top 30 to 60 from the panicle 

3.  Crop condition Lodged/ Erect Erect 

4.  Yield (kg ha-1) 1500 3000 
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4.2.3 Soil and water parameters 

 The soil and water properties on the pokkali paddy fields are given in the 

following Table No. 4.5 and 4.6. 

Table No. 4.5 Soil properties of the pokkali field 

S. No Property Value 

1.  Textural classification Clayey 

2.  Colour Dark bluish black 

3.  Bulk density 1.658 g cm-3 

4.  Shear strength 0.0047 kg cm-2 

5.  Resistance 22.42 kN m-2 

6.  Type Acid Saline 

7.  pH 3 to 4.7 

8.  Electrical conductivity  

(July to November) 

4 to 6 dS m-1 

9.  Organic content 1.86% 

Table No. 4.6 Water properties of the pokkali field 

S. No Property Value 

1.  Water level (cm) 30 to 150 

2.  Salinity 0 to 31 ppt or more 

3.  pH 7 to 8.5  

4.  Direction of motion Variable 

 The soil contains high organic content, acidic in nature due to the peculiar 

ecosystem. The soil colour dark bluish black which is unique in the pokkali fields. 

Electrical conductivity is high because of soluble salts. Clayey texture and high 

organic content makes the field to be marshy and difficult for vehicle 

manuevarability. The water during the July to November is found to be less saline 

due to the monsoon rains. But salinity increases during the November to June 

months, making the field situation that forces the machine construction to be a 

anti corrosive materials for machine construction. The spatial and temporal 

variation of water level in the fields varies from one foot to six feet; hence the 
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machine has to work at very low and very high water depth which is to be 

designed as an amphibious type unlike existing land machines. The direction of 

water flow can be in any direction depending upon the tidal flow which affects the 

movement of machine under such situations. 

4.3 Design of different computer aided models of cutter header assembly 

 The design of cutter header assembly was carried out as per the section 

3.3. Four different models were designed and discussed in this section with their 

specifications. 

4.3.1 Design of cutter header assembly with multiple bat reel system     

(Design I) 

 Specifications of the designed model were provided in Table No. 4.7 and 

4.8. The multiple bat reel model was designed as per section 3.3.1. Cutterbar and 

knife section were shown in the Fig. 4.2. Fig. 4.3 and 4.4 shows the cutter header 

assembly which is having multiple bat reel system. Fig. 4.5 shows the tyne 

actuation mechanism having cam and follower type machine elements as 

discussed in section 3.3.1. 

Table No. 4.7 Specifications of Reel for Multiple bat reel system 

S. No Parameter Range 

1.  Reel diameter 0.25 m 

2.  Number of bats 4 

3.  Tyne actuation mechanism Cam and follower 

4.  Power transmission from motor Chain and sprocket 

5.  Pick up tyne length 7.5 cm 

6.  Number of pick tynes per bat 21 

7.  Reel speed index 1 to 2 

8.  Rotational speed 30 to 60 rpm 

9.  Staggered pitch 0.10 to 0.40 m 

10.  Plants per bat (Max) 225 Nos. 
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Fig. 4.2 Cutter bar and knife section   

2100 mm 

Knife section (27 Nos.) 
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Table No. 4.8 Specifications of Cutterbar assembly 

S. No Parameter Range 

1.  Width 2100 mm 

2.  Cutterbar Type Reciprocating 

3.  Knife type Standard – Serrated 

4.  Knife shape Trapezoidal 

5.  Stroke length 76.2 mm 

6.  Number of knife sections 27 

7.  Pitch of serrations 1.2 mm 

8.  Knife and ledger plate clearance 0.3 mm 

9.  Cutterbar power transmission Crank & pitman mechanism 

10.  Crop cutting height from ground 120 to 150 cm 

11.  
Angle between cutting edge and axis 

of knife section 
330 

12.  Rake angle 220 

13.  
Angle between cutting plane and 

horizontal 
00 

14.  Material of knife High carbon steel 

15.  Crank revolutions 190 to 230 rpm 

16.  Forward velocity of machine 1 to 1.5 km h-1 

17.  Average knife velocity 0.39 to 0.58 ms-1 

18.  Cutting index 1.4 

 

  



65 

 

 

Fig. 4.3 Multiple bat reel model (design 1) with Truxor DM 5045 

 

Fig. 4.4 Multiple bat reel model cutter header assembly 

 

Fig. 4.5 Cam and follower path for tyne actuation mechanism 
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4.3.2 Design of cutter header assembly with single bat reel system (Design II) 

 The design 2 model is attached with single bat reel system as header 

assembly as shown in Fig. 4.6 and 4.7. The actuation mechanism is through 

double crank four bar linkage. Specifications of the design were discussed in the 

Table No. 4.9. 

 

Fig. 4.6 Single bat Reel model with Truxor DM 5045 

         

Fig. 4.7 Single bat reel model cutter header assembly 
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Table No. 4.9 Specifications of single bat reel system 

S. No Parameter Range 

1.  Radius of gyration 0.125 m 

2.  Number of bats 1 

3.  Tyne actuation mechanism Four bar mechanism 

4.  Pick up tyne length 150 mm 

5.  Number of pick tynes per bat 21 

6.  Reel speed index 1 to 2 

7.  Rotational speed 30 to 60 rpm 

8.  Plants per gyration (Max) 450 Nos. 

4.3.3 Design of cutter header assembly with vertical axis gathering 

mechanism (Design III) 

` The specifications of the design model 3 are provided in the Table No. 

4.10. Fig. 4.8 and 4.9 shows the design 3 as a vertical axis reel type cutter header 

assembly. Angle of attack and angle of inclination are shown in Fig. 4.10. 

Table No. 4.10 Specifications of vertical axis gathering system 

S. No Parameter Range 

1.  Radius of gyration 0.125 m 

2.  Number of sets 2 

3.  Number of bats 4 

4.  Length of each bat 1 m 

5.  Tyne actuation mechanism Crank and pitman 

6.  Reel speed index 1 to 2 

7.  Rotational speed 30 to 60 rpm 

8.  Plants per gyration 450 Nos. 

9.  Angle between vertical and reel bar 00 - 450 

10.  Angle between bat axis and line of travel 900 - 1800 
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Fig. 4.8 Vertical axis reel model with Truxor DM 5045 

 

Fig. 4.9 Vertical axis reel model cutter header assembly 

    

Fig. 4.10 Sketch showing (a) Angle of attack (b) Angle of inclination 
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4.3.4 Design of cutter header assembly with floating type projected conveyor 

(Design IV) 

 Specification of a float mentioned in the floating type cutter header 

assembly was given in Table No. 4.11. Fig. 4.11 and 4.12 shows the floating type 

projected conveyor cutter header assembly in different views. 

 

Fig. 4.11 Floating assembly model with Truxor DM 5045 

 

Fig. 4.12 (a) Top view (b) Floating type cutter header Assembly 
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Table No. 4.11 Specifications of float of cutter header assembly 

S. No 
Mass of the header 

assembly (kg) 

Length of 

float (m) 

Volume of 

float (m3) 

Reserve 

Buoyancy (n) 

1.  50 0.50 0.185  3.700 

2.  100 1.00 0.245 2.450 

3.  150 1.75 0.335 2.240 

4.  200 2.50 0.425 2.125 

 *n – Required reserve buoyancy 

4.3.5 Conveyor assembly  

 The cutter header assembly of different models were designed with the 

conceptual conveying system. Crop conveyor assembly consists of front 

conveyor, mounted on the rear of the cutter header platform, collects the harvested 

crop and conveys it to the central conveyor. Central conveyor was extends till the 

rear end of the machine passes between two air barges, stores the crop mass. At 

the rear end, discharging conveyor was fixed to unload the harvested crop 

materials loaded on the central conveyor, when machine reaches the bunds. 

4.3.6 Energy inputs in pokkali harvesting 

 In total manual harvesting energy input expended was 585 MJ compared to 

4770 MJ of total energy for existing weed harvesting attachment with Truxor DM 

5045. Direct and indirect energy consumption was 4410 MJ and 360 MJ 

respectively. Also the field efficiency was observed to be 25%, but the proposed 

designs will have a higher efficiency than existing one, due to the presence of 

conveyor system and storage facility, the energy input for the newly proposed 

design will be less than 4770 MJ. 

4.4 Selection of best model 

The best design model of cutter header assembly was selected by QFD 

technique as per the steps discussed in the section 3.4. The AHP method gives the 

weightage to the different minor criteria under three major criteria. The weightage 

obtained are given in Table No. 4.12. Each major criterion has weightage of unity 

which is shared by minor criteria on the basis of AHP result. The minor criterion  
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gathering performance in harvesting performance (major criterion) and minor 

criterion stability in machine performance (major criterion) were found to have 

maximum weights. The minor criterion collection performance in harvesting 

performance (major criteria) and minor criterion transportability in major criterion 

machine performance were found to have least weights. Kumar et al. (2019) 

discussed that ease of operation and ease of transportation was the main factors 

considered while rating the coconut palm climbing aid, but in this research 

transportability has not received a higher ranking comparing other factors. This is 

because of the fact that, coconut palm climbing aids are manual tool with 

intermittent operation but harvesting machine is self propelled one with linear 

motion. 

Table No. 4.12 Weightage for minor criteria through AHP 

S. No Major Criteria Minor Criteria Weights 

1. Harvesting Performance i. Cutting performance 0.15 

ii. Gathering 

Performance 
0.39 

iii. Collecting & 

Conveying 
0.05 

iv. Cut stalk losses 0.10 

v. Uncut stalk losses 0.31 

2. Machine Performance vi. Manuevarability 0.21 

vii. Transportability 0.06 

viii. Stability 0.63 

ix. Field capacity 0.10 

3. Component evaluation x. Importance of 

components 
1 
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Table No. 4.13 Relationship matrix for QFD 

 Reel 

speed 

index 

Material of 

construction 

Cutter 

bar type 

Mass of 

the 

assembly 

Reel 

type 

Position & 

degree of 

freedom 

Cutting 

Performance 

35 79 75  38 85 

Gathering 

Performance 

60    56 67 

Collection 

Performance 

51 18 18  45  

Cut stalk losses 51 67 67  51 68 

Uncut Stalk 

losses 

44 58 58  44 72 

Manuevarability  21  70 44 47 

Transportability  64    59 

Stability  74  84  83 

Field capacity 58  77  77 45 

Importance of 

components 

62 81 88  55 94 

1 to 30 – Less relationship 31 to 50 – Moderate relationship 

51 to 70 – High relationship  71 to 90 – Extreme relationship 

 

The relationship matrix was given in Table No. 4.13, explains the 

relationship between ten minor criteria upon the six technical requirements. 

Weighted relationship matrix (Appendix X) is formed as per the section 3.4 step 5, 

ranking of technical requirements as given in the Table No. 4.14. 
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Table No. 4.14 Ranking of technical requirements of cutter header assembly 

 Reel 

speed 

index 

Material of 

construction 

Cutter 

bar 

type 

Mass of 

the 

assembly 

Reel 

type 

Position & 

degree of 

freedom of 

assembly 

Rank 5 2 3 6 4 1 

Weighted 

percentage 

13.9 % 20.5 % 15.7 % 8.0 % 14.2 

% 

27.5 % 

 

 Position and degree of freedom was observed to be most important among 

the technical requirements and mass density of the assembly found to be least 

important. According to ranking, the importance should be given for the technical 

requirements in the ascending order of ranks during the design and development. 

The various suggestions from the experts opinion through questionnaire and 

interview process observed that solutions for the technical requirements are 

discussed as follows in subsequent section according to the order of importance of 

their ranks.  

Position and degree of freedom: The cutter header assembly position and its 

movement was given importance as one of the important technical requirements 

for the pokkali harvester when it works above the water surface as 45% and below 

the water surface as 55% from the analysis. From Table No. 4.13, it can be 

observed that, importance of component and position and degrees of freedom of 

assembly having highest score (94) was observed. The least score (44) was 

observed between field capacity and position and degrees of freedom. The cutting 

performance and position and degrees of freedom were having the second highest 

score. The other customer requirements gathering performance, collection 

performances and losses had scores ranging from 47 to 67. Position and degrees of 

freedom of cutter header assembly with stability of the harvester under customer 

requirements has a score of 83 which signifies the importance of position and 

degree of movement of the cutter header assembly with the vessel. Position and 

degrees of freedom ranked first in the technical requirements as discussed earlier 
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and this result is comparable with the results of Kumar et al. (2015) which shows 

that out of various design requirements of a agricultural machinery, ‘Adjustments’ 

ranked first. Hence it is inferred that adjustments and control over the positions of 

any component is important while designing an agricultural machine. 

Material of construction: Material of cutter header assembly ranked second as 

observed from Table No. 4.14. Cutterbar knife material type was discussed as one 

of the main technical requirements for the knife blades. The knife material 

suggested in the QFD analysis by the majority of the experts was high carbon steel 

with or without coatings followed by spring steel and stainless steel. Majority of 

the experts opined that knife blade should be corrosion resistant with nano 

coatings. The material of knife blade suggested by the experts were in agreement 

with research result reported by Hamid et al. (2021) recommended that co-

deposition of TiO2 (Titanium dioxide) nanoparticles within the Ni (Nickel) matrix 

on harvester knives which improved the corrosion resistance and mechanical 

properties. Similarly Hematian et al. (2013) reported the application of nano-

coated knifes which reduced specific shearing energy by 34%. The importance of 

materials of construction with respect to the cutting was 79 score and also 

importance of components score 81. Overall the experts evaluated the material of 

construction of cutter header assembly has significant effect on stability of the all 

system. Both the cut stalk losses and uncut stalk losses also reflected the material 

of construction of knife blades since the score related between two factors in 

relationship matrix was 67 and 58 respectively. 

Cutterbar type: Among the technical requirements, the cutterbar type was ranked 

third, which indicated its importance in cutter header assembly. The relationship 

between cutterbar type and the customer requirements as shown in Table No. 4.13 

indicated that cutting performance, field capacity and importance of components 

had extreme relationships since the score ranged from 71 to 90. The cut stalk 

losses and uncut stalk losses were having high relationship with cutterbar type 

since the scores were 67 and 58 respectively. Cutterbar knife blade type experts 

suggested that the reciprocating double shear knife bar with serrated blades for the 

cutterbar among the scissor type and double shear reciprocating cutter blades. 



75 

 

Reel type: The importance of reel as a technical requirement for cutter header 

assembly ranked fourth from the experts opinion from the Table No. 4.14. The 

maximum score of 77 was observed for the customer requirement field capacity in 

relation to the reel type was observed and for all other minor criteria the 

importance of reel type for the customer requirement was below score of 51. 63% 

of the respondents suggest the need of reel in cutter header assembly while 36% 

suggested no reel or other gathering mechanism for pokkali harvesting in flooded 

condition is significant. 

Reel index: The technical requirement reel speed index ranked lowest as observed 

from the Table No 4.14. The reel index with minor criteria given in Table No. 

4.13. Gathering performance, field capacity and importance of components as a 

cutomer requirement weighted scores above 57 indicating high relationship. In 

addition to this, the collection and cut stalk losses had weighted score of 51 

indicating the relationship of reel index on cutter header perfomance. Suggested 

values of the reel index by the experts ranged from 1.2 to 1.7. Kepner et al. (1978) 

suggested 1.25 to 1.5 reel index for normal cereal crop harvesting, where the 

upper limit is less than the expert’s suggestion. 

Mass of the assembly: The least ranked technical requirement was cutter header 

assembly as given in Table No. 4.14. The mass of the assembly dependent on the 

material of construction and the design of the components. Since the harvester is 

operating moslty under flooded condition it is desired to keep the mass of the 

machine as low as possible. The material for the cuter header and the vessel was 

mainly marine aluminium to reduce the weight. The transmission and other 

components were hydraulic motors and pipings substituting the traditional 

components used. The relationship between the technical requirement and cutomer 

requirement indicated that the minor criteria manueavrability and stability were 

having extreme high relationship with the mass of the cutter header assembly. 

Correlation between the technical requirements: The roof of HoQ is build with 

correlations between technical requirments as expalined in the step 5 in Section 

3.4 and represented in the Fig. 4.13. Reel speed index since affecting the crop 
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conveying operation signifies the performance of the cutterbar assembly, reel 

speed index is highly correlated with the cutterbar type. 

 
Fig. 4.13 Roof of the House of Quality (HoQ) 

Reel index varies according to the number of bats, i.e if number of revolutions 

increases, the reel speed index also increases. Hence the reel speed index is highly 

correlated with the reel type. Cutterbar type determines the mass of the assembly, 

hence they were correlated. Cutterbar type and reel type has to be selected so as to 

optimize the performance, hence the cutter bar type and reel type are correlated 

factors. Based on the reel type, position of asssembly has to be adjusted and reel 

type has inlfuence on mass density and material of construction. Hence these 

factors were correlated. Material of construction influences mass density highly, 

indicating the strong correlation. Aluminium is less in density whereas steel 

desnity is higher comparitively. Position of the assembly is affected by the mass 

density of the assembly due to the strong correlation. Other than reel type and 

cutterbar type, reel speed index has no other factors in correlation. These are the 

observation and inferences of the relationship between the technical requirements 

in the roof of the HoQ of the cutter header assembly design models. 
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Customer Rating: As per the procedure in Section 3.4 step 7 and 8, customer 

rating matrix and weighted customer rating matrix were formed (Appnedix XI). 

The rating ditribution and ranking of the design models discussed as follows. 

  

 

(a)      (b) 

Fig. 4.14 Rating distribution on various criteria for (a) design I (Multiple bat 

reel system) and (b) design II (Single bat reel system) 

 

  

   
(a)       (b) 

Fig. 4.15 Rating distribution on various criteria for (a) design III (Vertical 

axis bat reel system) (b) design IV (Floating type projected conveyor system) 

Rating distribution among criteria: The rating distributions for each criterion 

under different design models are given as a pie chart in the Fig. 4.14 and 4.15. 
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The design models I and II as in Fig. 4.14 (a) and (b) showed that the criteria 

having more or less equal importance on the customer ratings. Collection 

performance with 8% tends to be slight lesser in importance. This indicated that 

collection performance has to be improved comparing other criteria in case of 

design I and II. In Fig. 4.15 (a), uncut stalk losses with 8% has least effect on 

ratings, indicating that the design III is less capable of handling uncut stalk losses. 

Fig. 4.15 (b) showed that stability (13%) and collection performance (14%) has 

highest importance on ratings inferred that, stability and collection performance 

were expected to be optimum in design IV. But the cutting (7%) and gathering 

performance (8%) has least importance and need improvements. The ranking of 

the different models based on customer ratings were given as Table No. 4.15 and 

Fig. 4.15. 

Table No. 4.15 Customer rating based ranking of different design models 

Model Design I Design II Design III Design IV 

Total 126.72 180.74 105.10 129.40 

Rank 2 1 4 3 

 

 

 

Fig. 4.16 Customer weighted ratings of different design models 
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 QFD technique results presented in Table No. 4.15, based on customer 

ratings. The average value of minor criteria on customer ratings were multiplied 

with weights is given in the table in appendix XI. Design II followed by design I 

ranked highest. 

4.4.1 Statistical Analysis 

 The statistical analysis of minor criteria results on different designed 

models were discussed as follows. 

Table No. 4.16 ANOVA result of ratings on criteria with design models 

S. No Criteria p Significance 

1.  Cutting Performance 0.0069 Significant 

2.  Gathering Performance 0.0048 Significant 

3.  Collection Performance 0.2530 Insignificant 

4.  Cut stalk losses 0.0003 Significant 

5.  Uncut Stalk losses 0.0097 Significant 

6.  Manuevarability 0.0001 Significant 

7.  Transportability 0.0001 Significant 

8.  Stability 0.0016 Significant 

9.  Field capacity 0.0003 Significant 

10.  Importance of components 0.0015 Significant 

 From the Table No. 4.16, among 10 different minor criteria under 3 major 

criteria, Collection performance is the only criterion is insignificant in rating 

observations. This shows that the collection system has no major differences in 

performance among 4 different models to make a significant impact on the design 

of Pokkali paddy harvesting machine. On the other hand, in rating distribution 

chart (Fig. 4.15) says that collection performance of design IV (floating type with 
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projected conveyor type system) is better comparing other criteria within the same 

design. Other criteria had significant differences on rating due to their design 

nature which is further analysed on Post Hoc – Tukey HSD (Honest Significant 

Difference) Test results (Table No. 4.17), which expresses the significance of 

each criterion on other criteria, individually for 4 models. Same as in ANOVA 

test result, post hoc test also shows that collection performance is insignificant 

with each and other criteria. But the other criteria show significant differences 

between the designs which are expressed in the Table No. 4.17. Design II (Single 

bat reel system is shows higher significant difference with design III and IV. But 

design I and design II has 40% of significant difference. 

Table No. 4.17 Post Hoc – Tukey HSD Test result 

S. No Criterion Design 

I 

Design 

II 

Design 

III 

Design 

IV 

Significance 

1.  Cutting 

Performance 

2.47
ab

 3.47
a

 2.18
b

 1.76
b

 
Significant 

2.  Gathering 

Performance 

2.24
ab

 3.35
a

 1.94
b

 2.00
b

 
Significant 

3.  Collection 

Performance 

2.47
a

 2.82
a

 2.35
a

 3.12
a

 
Insignificant 

4.  Cut stalk losses 
2.12

b

 3.53
a

 1.76
b

 2.24
b

 
Significant 

5.  Uncut Stalk 

losses 

2.29
ab

 3.12
a

 1.71
b

 2.12
ab

 
Significant 

6.  Manuevarability 
2.59

b

 3.65
a

 2.06
b

 2.06
b

 
Significant 

7.  Transportability 
2.59

b

 3.65
a

 2.06
b

 2.00
b

 
Significant 

8.  Stability 
2.35

cb

 3.53
a

 2.24
b

 3.35
ac

 
Significant 

9.  Field capacity 
2.82

ab

 3.71
a

 2.00
b

 2.24
b

 
Significant 

10.  Importance of 

components 

2.71
ab

 3.76
a

 2.12
b

 2.53
b

 
Significant 

*Note: Presence of same alphabets in exponential of mean - Differences is 

insignificant, 
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 Presence of different alphabet in exponential of mean - Significant 

difference exists 

  For example, the cutting performance in design II has exponential of ‘a’, 

design I has ‘ab’. Since the exponential terms in design I and II have same 

alphabet ‘a’ the difference between them are insignificant. But the design III and 

IV has exponential term ‘b’ which represent that significant difference exists 

between deign II, but design I has ‘ab’ containing alphabet ‘b’ also shows design 

and III and IV are insignificant with design I. In the same way other criteria can 

be observed for significance.   

 From the QFD analysis and statistical analysis, design I (Single bat reel 

system can be selected among other designs based on its ranking. Also design II 

(Multiple bat reel system) shows no significant difference much as per statistical 

analysis. Hence design II followed by design I are found to be feasible 

4.4.2 Inferences 

 Design II was the selection from the QFD results and statistical analysis, 

and also experts suggested the same because of the lesser weight than any other 

model, simple actuation mechanism and compactness. Design II may have the 

problem of uneven rotational speed and vibration problems to maintain the reel 

index and the bat has to convey comparatively more number of plants than the 

design I. If the design II encounters such problems, alternatively design I can be 

considered. Hence the design I was the second option in selection. Design III is 

least preferred, may be because of the reason that the reel may gather and convey 

the crop mass into a bunch at a section of cutterbar which may create a clogging 

tension at the particular section of cutterbar. Also maintaining the stability is 

complicated, as the reel bats are supported from single end and rotate vertically. 

Design IV is preferred over the design III because of the higher performance in 

stability, but it is least preferred than design II and design I because adjustment of 

float position by the operator needs complex mechanism and also the model is not 

compact. 

 



82 

 

 

4.4.3 Finite Element Model (FEM) Analysis 

 FEM analysis was carried out on component of reel bat and tyne of design 

II (single bat reel type system) and reel bat of design I models’ reel bat assembly 

as per the assumptions explained in section 3.4.1. The outer diameter was 

assumed 2 cm and different inner diameters of bat (hollow shaft) were tested for 

safe loading. The inner diameters tested were 10 mm, 15 mm, 14 mm. All three 

different diameters were found to be safe under the applied load. Hence a 

minimum thickness (3 mm) yielding diameter 14 mm to reduce the weight is 

selected. Materials out of aluminium and structural steel, aluminium has less 

weight density and more or less equal safety on loads. Hence aluminium hollow 

shaft with outer diameter 20 mm and inner diameter 14 mm can be selected. Fig. 

4.17 and 4.18 gives the finite element analysis result observed with total 

deformation and equivalent (von-Mises) stress of the design II respectively. Fig. 

4.19 and 4.20 gives the results of design model I. 

 

Fig. 4.17 FEM result window showing total deformation of bat and tyne of 

single bat reel assembly under applied parameters 
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Fig. 4.18 FEM result window showing equivalent (von-Mises) stress of bat 

and tyne of single bat reel assembly under applied parameters 

 

Fig. 4.19 FEM result window showing total deformation of bat of multiple 

bat reel assembly under applied parameters 
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Fig. 4.20 FEM result window showing total deformation of bat of multiple 

bat reel assembly under applied parameters 

 From the QFD, statistical and finite element analysis, design II single bat 

reel system or alternatively the design I multiple bat reel system attached with 

Truxor DM 5045 were suggested. The Fig. 4.21 shows the suggested models of 

single bat reel system and specifications are provided in Table No. 4.18. The 

cutter bar of reciprocating type standard serrated with double shear operation and 

made of high carbon steel with nano coatings for corrosion resistance. The 

cutterbar has to work below the water surface. Reel is single bat type with 

elongated tyne made up of aluminium is suggested. The assembly has to be 

provided with provision for lifting and lowering in field.  
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Fig. 4.21 Single bat reel model (Design II) – Selected from result analysis 
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Table No. 4.18 Specifications of suggested design model 

S. No Parameter Range 

1.  Approximate Dimensions of the 

machine 

5.6 m Length 

2.1 m Width 

2.0 m Height 

2.  Gathering System Single bat type reel or 

Multiple bat reel 

3.  Cutterbar 2.1 m width 

Serrated Standard type 

4.  Stroke length 76.2 mm 

5.  Cutterbar knife material High Carbon Steel  

Nano coated corrosive resistance 

Double shear type 

6.  Power for cutter header assembly Hydraulic motor from hydraulic 

system 

7.  Approximate mass of the machine 1.6 tonnes 

8.  Approximate float capacity 1.6 m3 each float 

4.4.4 Future scope 

 In order to operate the machine in the smaller fields and cross the bunds 

without damage, this smaller sized machine will be more suitable than the existing 

machines. The smaller size machine with the corresponding sized cutter header 

assembly which was selected as per the previous discussion is suggested for 

further design, development and evaluation. Also the other features and 

components of the Truxor DM 5045 favouring the operation in marshy, water 

logged and dry fields has to be incorporated in the reduced size machine.  

. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

 Pokkali system of rice cultivation is a unique practice in central Kerala 

under a special natural ecosystem. The mechanization in the system was in 

emerging stage. Among the major cultivation operation in pokkali paddy farming 

system, harvesting is the drudgery involving and mechanization demanded 

operation with major problems such as labour shortage. Since it is in water 

stagnated condition throughout the year (one to five feet variation in water level), 

conventional combines cannot work and also threshing to be done after drying 

(two days). Amphibian natured machine was found suitable, further KAU Pokkali 

Paddy Harvester (Kelachandra Harvester) was designed and developed in Kerala 

Agricultural University. Another amphibian machine which is multipurpose 

utilization was imported from Sweden and suitably tried in the pokkali fields. 

Both the machines having their own drawbacks, new machine is expected. And 

this research was undertaken to carry out a design analysis on suitable cutter 

header assembly for the machine to be designed and developed. 

 The existing machines, KAU Pokkali Paddy Harvester and amphibian 

multipurpose machine (Truxor DM 5045) with weed harvester attachment were 

studied. The former one has more weight and large dimensions made the machine 

to be difficult in operations such as transportation and manuevarability in the 

pokkali fields having small area, small and weaker bunds. Later one has better 

stability and manuevarability, but the field capacity was found to be less and 

cutting performance were affecting the quality of the cut stalks in turn affects the 

collection and threshing operation. Hence to overcome the drawbacks of the 

machine, new modifications and designs are demanded. A computerized diagram 

of Truxor DM 5045 was made with Solidworks 2018. 

 A survey was conducted with the help of a questionnaire on farmers at 

Ernakulam and Alapuzha districts to collect information about the socio economic 

status, cultivation practices, mechanization demands, cost economics 

requirements in mechanical harvesting and technical aspects etc. The survey was 
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conducted at respective farmer’s fields, so as to observe the field conditions. A 

fishbone diagram or affinity diagram was prepared by brainstorming methods 

with the available data observed from the questionnaire results. The crop 

parameters such as yield, seed rate, cutting height, crop height, lodging conditions 

were observed. Indigenous varieties (Chootu pokkali and Virippu) and Vytilla 

varieties (Vytilla 1 and Vytilla 10) seed samples were collected and plant density 

was calculated through 1000 seed weight and seed rate. Plant densities were 

calculated as 261, 218, 268 and 281 for Chootu pokkali, Virippu, Vytilla 1 and 

Vytilla 10 respectively. Field conditions were analysed with water level, 

harvesting water level and other engineering aspects. Soil and water properties 

important for the design of harvester are collected from the Rice Research Station, 

Vytilla. With this available data further design process was carried out for the 

cutter header assembly. 

 Using the softwares Solidworks 2018 and Microsoft Excel, four different 

designs were made and attached with the model of Truxor replacing the weed 

harvesting attachment. Design I was a multiple bat reel system, consisting of 4 

bats with 0.25 m diameter. The cutterbar was reciprocating type standard knife 

section serrated and width of 2.1 m. The conveyor was assumed and 

conceptualized for taking and storing the cut crops. In design II, it was the single 

bat reel system, has a single bat type reel with longer tynes. The radius of gyration 

is 0.125 m actuated through double crank mechanism. The cutter bar was same as 

in design I for all the 4 designs. Conveyor conceptualization is same for the first 

three designs. Hydraulic motor operated from the hydraulic port in prime mover. 

Design III named vertical axis type reel system has vertically places two sets of 

bars (sets) on each sides of the assembly having 4 no. of bats on each bar. The 

bats have to be optimized with angles for better performance. The reel is powered 

by crank and pitman from the hydraulic motor. Design IV is a floating type 

projected conveyor type system is provided with two floats on each side to 

maintain the stability perfectly. Conveyor has projection on its surface and 

extends just below the cutterbar to few centimetres. There is no gathering system 
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is added. All the designs were operated by the hydraulic system with different 

actuation mechanisms. Other specifications on each design were discussed 

individually. A power flow diagram is made to understand the flow of power from 

fuel to end component. 

 Energy input was calculated for the manual harvesting operation and 

mechanical harvesting with Truxor DM 5045 with newly designed cutter header 

assembly. Manual harvesting involves 585 MJ as input and mechanical harvesting 

involves 2460 MJ of input energy (direct energy of 2100 MJ and indirect energy 

of 360 MJ). 

 Selection of best model out of 4 different models was done by industrial 

engineering techniques. Out of various techniques, Quality Function Deployment 

(QFD) was selected suitably. The method involves 4 major phases. House of 

Quality (HoQ) building, Analytical Hierarchy Process (AHP), Questionnaire and 

survey, Result analysis. The procedure on QFD was studied in a detailed manner. 

 HoQ diagram consisted of Voice of Customers (VoC) which is customer 

requirement, technical requirements which satisfies VoC, relationship matrix 

which formed out of VoC and technical requirements, establishes the relationship 

level between them by values. Weightage of the different customer requirements 

are also founds a place in HoQ. Correlation matrix which is the roof the matrix 

gives the correlation between each and other technical requirements. Customer 

importance rating matrix is formed with VoC and different designs to have rating 

for designs based on different VoC. VoC is found from the questionnaire and 

survey already conducted giving fishbone diagram. Weightage on the VoC were 

found by a process called AHP. Technical requirements and its correlation matrix 

were given by the research team. Relationship matrix and customer importance 

rating was filled by questionnaire (English and Malayalam) and survey process as 

expert evaluation, conducted on expert individuals having experience and 

knowledge in pokkali system. This includes 19 different experts from farmers, 

ICAR institutes, KVKs, Rice Research Stations, Kerala Agricultural University 
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and industries. The QFD results were analysed with weightage obtained out of 

AHP and questionnaire results. 

 Statistical tests were carried out on ratings received in customer 

importance rating from number of respondents in QFD process. Analysis of 

Variance (ANOVA) was carried out to know the significance existence on 

different ratings for various four designs with respect to ten customer 

requirements. Significance of each design on other is given by Post hoc Tukey 

HSD test. The results from QFD and statistical analysis were compared and 

inferred. 

 From QFD, design II has the first ranking followed by design I, design IV 

and lastly design III. From statistical analysis, design II and I doesn’t have 

significant difference on ratings, but design II has significant difference over 

design III and IV. Hence the design I and design II are found to be better in the 

view of statistical analysis, is comparable with QFD result showing design II and 

design I with first and second ranking respectively. The relationship matrix was 

formed and calculated to give rankings for technical requirements. Rating 

distribution on each design model with respect to customer requirements was 

studied to know the best and poor feature in each design. Correlation matrix 

formed and inferred for the correlation between each and other technical 

requirements. And important suggestions were observed from the experts on 

technical requirements such position of operation of assembly, material for 

cutterbar, cutterbar type etc. 

 It was concluded that design II and design I can be suggested for further 

testing and evaluation with Truxor DM 5045 with cutter header assembly of 

design II is suggested. FEM analyses were carried out on bat and tynes of design 

II and bat of design I for safe loading and determined the suitable diameters. The 

cutterbar material high carbon steel with anticorrosive coatings, other construction 

material on marine aluminium, optimized tyne dimensions on reel, cutterbar 

working below the water are the major suggestions for the new developing 
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machine. Other parameters such as reel speed index, position of reel has to be 

field experimented and finalized. Since the efficiency is expected to be higher for 

the newly designed system for Truxor DM 5045 comparing existing attachment, 

the energy input for the new design is less than the existing design. A reduced size 

machine with same features as in Truxor DM 5045 is suggested for design, 

development and evaluation. Further development of the selected design models 

with design of conveying system can be carried out as an extension of this 

research to fulfil the demand of pokkali farmers and elimination of drudgery on 

pokkali paddy harvesting. 



92 

 

REFERENCES 

Antony, A., Mercy, A., and Shaju, S.S., 2014. Effect of Rotational Pokkali 

 cultivation and Shrimp farming on the Soil Characteristics of two different 

 Pokkali field at Chellanam and Kadamakudi, Kochi, Kerala, Int. Res. J.

 Environ. Sci., 3(9): 61-64. 

Adithya, V K., 2020. Climate Change and Pokkali Farming in Kerala, Juni 

 Khyat 10 (5): 1-8. 

Alizadeh, M R., and Allameh, A., 2013. Evaluating rice losses in various 

 harvesting practices, Int. Res. J. Appl. Basic Sci., 4 (4): 894-901. 

ASABE, 2006. Agricultural machinery management ASABE Standards. Am. 

 Soc. Agric. Biological Engg., St. Joseph, MI.EP 496.3. 

Aung, N N., Myo, W P P., Htet, Z M., 2014. Field Performance Evaluation of 

 a Power Reaper for Rice Harvesting, Int. J. Scientific Engg.  Tech.  Res., 

 03(12): 2631-2636. 

Bawatharani, R., Jayatissa, D N., Dharmasena, D A N., and Bandara., 2013. 

 Impact of Reel Index on Header Losses of Paddy and Performance of 

 Combine Harvesters, Trop. Agric. Res., 25 (1): 1–13. 

Behrouzi-Lar, M., M. Hasanpoor, H R. Sadeghneghad, A., Asadi, A., 

 Khosravani and Saati, M., 1995. The Final Report of Combine Grain loss. 

 National research plan. J. Agric. Engg. Res., No 37: 107 – 120. 

Biran, A., and Pulido, R L., 2014. Chapter 2 - Basic Ship Hydrostatics, Ship 

 Hydrostatics and Stability (Second Edition), Butterworth-Heinemann, 

 ISBN 9780080982878: 23-75. 

Bora, G C., and Hansen, G K., 2007. Low cost mechanical aid for rice 

 harvesting, J. Appl. Sci. 7(23): 3815-3818. 

Celik, A., 2006. Design and operating characteristics of a push type cutter bar 

 mower. Can. Biosystems Engg., 48: 2.23 - 2.27. 



93 

 

Cervinka, V., 1980. Fuel and energy efficiency. Handbook of Energy 

 Utilization in Agric., ed. Pimentel, D. pp. 15–21. Boca Raton, FL: CRC 

 Press. 

Chinsuwan, W., Mongpraneet, S., and Panya, N., 1997. Optimum harvest 

 period for Hommali rice using combine harvester. KKU Res. J. 2(1): 

 54-63.  

Das, H.P. and Stigter, C.J., 2005. Alternation of rice cultivation with prawn 

 farming and its socio-economic changes. Down to Earth. December 15, 

 2005. 

Das, PK. 1998. Design, testing and production technology of harvesting and 

 threshing equipment. L 7:1-20. 

Dean, E.B., 1998. Quality function deployment: From the perspective of 

 competitive advantage, available at: http://akao.larc.nasa.gov/dfc/qfd.html 

Dirpan, A., and Alim A S., 2015. Selecting Postharvest Technology 

 Method for Citrus Fruit using Analytic Hierarchy Process (AHP), ICoA 

 Conference Proceedings, Kne Life Sciences, 3:77-82. 

El-Shal, M S. and Morad, M M., 1991. Improving the combine header 

 performance in respect to rice grain losses. Misr J. Agric. Engg. 8(1): 1-

 10. 

Fouad, H A., Tayel, S A., EI-Hadad, Z., and Abdel-Mawla, H., 1990. 

 Performance of two different types of combines in harvesting rice in 

 Egypt. Agric. Mech. Asia, Africa Latin Am. (AMA),  21(3): 17-22. 

Gayathri, R N., and Raveendran, K., 2009. Exploration of untapped 

 potentiality of coastal paddy fields of Kerala (India)-A case study. Middle-

 East J. Sci. Res. 4 (1): 44 - 47. 

Griffin, G A., 1976. Fundamentals of Machine Operations Combine 

 Harvesting. John-Deere service publication: 145-149. 



94 

 

Griffin., 1981. Combine Harvesting 2nd. Ed. Deer and Company. Combine: 2-

 4, 25-154. 

Hamid, Z A., Refai, M., El-kilani, R.M., and Nasr, G E M., 2021. Use of a Ni-

 TiO2 nanocomposite film to enhance agricultural cutting knife surfaces by 

 electrodeposition technology. J. Mater. Sci. 56: 14096–14113. 

Hasan, K M., Ali R M., Saha, C K., and Alam, M M., 2020. Sustainable 

 Paddy Harvesting Solution for the Southern Delta of Bangladesh, An 

 ASABE Meeting Presentation, Paper No.: 2000785,  

Hematian, R., Fayyazi, E., Hosseinzadeh, B., and Ghobadian, G N B., 2013. 

 Study of shearing strength of sugarcane stem using nano coated knifes, 

 Technical J. Engg. App. Sci. 3(3):249-258. 

Huang, M., Li, Y., Chen, A. and Xu, L., 2020. Design and Test of Double-

 Cutterbar Structure on Wide Header for Main Crop Rice Harvesting. Appl. 

 Sci.  10(13):4432. 

Hunt, D., 1983. Farm Power and Machinery Management. 8th Edition. Iowa 

 State University press, 3 (25): 129-148. 

Habib E M A., 2014. Effect of Combine Harvester Forward and Reel Speeds 

 on Sunflower Harvesting Losses in Gadarif Area (Sudan), Dissertation, 

 University of Khartoum, Dept. of Agricultural Engineering, Faculty of 

 Agriculture, Sudan. [Unpublished Master’s Dissertation]. 

Hunt, D., 1995. Farm power and machinery management, Cost determination, 

 9th  edition, Iowa State University Press, USA. 

IEA, 2009. Key World Energy Statistics. International Energy Agency: Paris, 

 France. Available at, http://www.iea.org/publications/free_all.asp 

Ivanov a, S., Kvitka, S., Andrienko, M., Dolhyi, O., & Dolhyi, A., 2020. 

 Information management reducing the risks of agricultural business in 

 organic farming. In E3S Web of Conferences, Vol. 208: EDP Sciences.  



95 

 

Jayan, P R. and Sathyanathan, N., 2010. Overview of farming practices in the 

 water-logged areas of Kerala, India. Int. J. Agri. Bio. Eng. 3(4):1-16. 

Jalali, A. and Abdi, R., 2014. The Effect of Ground Speed, Reel Rotational 

 Speed and Reel Height in Harvester Losses. J. Agric. Sustainability 

 5(2): 221-231  

Jawlekar, S B., Shelar, S D., Development and Performance Analysis of Low 

 Cost Combined Harvester for Rabi Crops, 2020. CIGR Int. J. Agric. 

 Engg., 22(1): 197 - 201. 

Joseph E A., 2016. Rice cultivation in saline tracts of Kerala: an overview, Int. 

 J. Fisheries Aquatic Studies, 4(4): 355-358 

Joy, K A., 2013. Development Impact on Pokkali Fields A Case of 

 International Container Trans shipment Terminal, J. Humanities Social 

 Sci.10 (5), 1-5. 

Junsiri, C. and Chinsuwan, W., 2009. Operating parameters affecting header 

 losses of combine harvesters for Chainat 1 rice variety. KKU Res. J. 14(3), 

 314-321. 

Justice, S., S, J, Keeling., G, Basnet. and T, J, Krupnik., 2021. Scale-

 Appropriate Farm Machinery for Rice and Wheat Harvesting: Updates 

 from South and South East Asia. The Cereal Systems Initiative for South 

 Asia (CSISA), Kathmandu, Nepal. pp 1 - 55. 

Kamat, G., Hoshing, G., Pawar, A., Lokhande, A., Patunkar, P P. and  

 Hatawalane, S S., 2014. Synthesis and Analysis of Adjustable Planar Four-

 bar Mechanism, Int. J. Adv. Mech. Engg., 4(3): 263-268. 

Kanafojski, C. and Karwowski, T., 1976. Agricultural Machines, Theory and 

 Construction, Vol. 2, Crop-harvesting machines, U. S. Department of 

 Agriculture and the National Science Foundation, Washington, D. C. pp 1 

 - 1044.  



96 

 

Kalsirislip, R., and Singh G., 1999. Performance evaluation of Thai-made rice 

 combine harvester. Agric. Mech. in Asia, Africa, Latin Am.  (AMA), 30(4): 

 63-69.  

Karolemeas, C., Tsigdinos, S., Tzouras, PG., Nikitas, A., Bakogiannis, E., 

 2021. Determining Electric Vehicle Charging Station Location Suitability: 

 A Qualitative Study of Greek Stakeholders Employing Thematic Analysis 

 and Analytical Hierarchy Process, Sustainability, 13(4):2298. 

Kassa, Z K. and Ing, Z A., 2014. Design and Modification of Appropriate 

 Reel Mechanism to Harvest Tef Crop. Int. J. Res. In Mech. Engg.,  (2): 15-

 25. 

Kathirvel, K., Suthakar B., and Jesudas, D M., 2011. Effect of Crop, Machine 

 and Operational Parameters on Peak Cutting Force for Harvesting Fodder 

 Maize. Agric. Mech. in Asia, Africa, Latin Am., 42 (4):28. 

Kepner, R A., Bainer, R. and Barger, E L., 1978. Principles of Farm 

 Machinery, Westport, Conn.: Avi Pub. Co., Technology & Engineering, 

 ISBN: 978-0870552526. pp 1 - 527. 

Khan, H S., Chaudhry, K M., Ashraf, I., Usman, M., Ejaz, R. and Khadaim, 

 M.M., 2020. An investigation of the problems faced by vegetable growers 

 regarding post-harvest practices in district Faisalabad. Biol. Clin. Sci. Res. 

 J., 2020: 15, pp 1 – 8. 

Khakzad, N., 2021. Optimal fire fighting to prevent domino effects: 

 Methodologies based on dynamic influence diagram and mathematical 

 programming, Reliability Engg. System Safety, 212: 107577. 

Khurmi, R S. and Gupta, J K., 2005. Theory of Machines, S Chand 

 Publishing, ISBN: 9788121925242. pp 1 - 1071.  

Klenin, N I., Popov, I F. and Sakun, V A., 1985. Agricultural Machines. 

 Amerind Publishing Company Pvt. Ltd, New Delhi, India. pp 1 - 633. 



97 

 

Konno, S., Shindo, H., Katahira, M. and Matsuga, M., 2017. Effects of 

 Agricultural Machine Fuel Consumption on Paddy Fields, J. Agric. Sci. 

 Tech., B7(2017): 170-178. 

Koloor, R & Borgheie, A. (2006). Measuring the Static and Dynamic Cutting 

 Force of Stems for Iranian Rice Varieties, J. Agric. Sci. Tech., 8(3): 193-

 198.  

Krishna, V V., Suryaprakash, S. and Rajagopal, S K., 2006. Conserving the 

 Indigenous-organic Rice Farming System of Coastal Kerala, India: Does 

 the Market Provide Superior Solutions than the Standards? 

Kumar, A., Tewari V. K., Maiti, J. and Nare, B., 2015.  Design and selection 

 of agricultural machinery using a quality function deployment technique.  

 Agric. Engg. Int: CIGR J., 17(4):91-99. 

Kumar V P., Aswin N. and Sreerag K P., 2019. Performance Evaluation Of 

 Coconut Palm Climbing Aid  by Analytical Hierarchy Process and  Quality 

 Function Deployment Techniques, Department of Farm Machinery and 

 Power Engineering, KCAET, Tavanur, Kerala Agricultural University, 

 Kerala. [Unpublished Bachelor’s Thesis]. 

Kumar, D. and Kalita, P., 2017. Reducing post harvest losses during storage of 

 grain crops to strengthen food security in developing 

 countries. Foods 6(1): 8. 

Moktadir, M. A., Ahmed, S., Zohra, F. T., & Sultana, R., 2017. Productivity 

 improvement by work study technique: a case on leather products industry 

 of Bangladesh, Ind. Eng. Manag., 6(1): 1000207. 

Mathew, M., and Sahu, S., (2018). Comparison of new multi-criteria decision 

 making methods for material handling equipment selection. Manag. 

 Sci. Letters, 8(3), 139-150. 



98 

 

Mazurova, E., (2017). Exploratory Analysis of the Factors Affecting 

 Consumer Choice in ECommerce: Conjoint Analysis. J. Information 

 Systems Engg. Manag., 2(2): 12. 

Menks, D., Ahmed, A. and Fu, K., 2000. Quality function deployment, SENG 

 613 Team Work, Software Engineering Research Network, University of 

 Galgary, Fourth of December, Available at: 

 http://sern.ucalgary.ca/~kjfu/courses/SENG613/teamwork.html 

Mumthaz, K M. and George, J M., 2017. Significance of Pokkali fields at 

 Kadamakkudy, Kerala, J. Global Biosci., 6 (10): 5308-5312. 

Nadler., Gerald., 1955. Motion and Time Study, McGraw-Hill Inc., US, New 

 York. 

Natesan, A K., 1994. Kinematic analysis and synthesis of four-bar 

 mechanisms for straight line coupler Curves, Rochester Institute of 

 Technology. [Unpublished Master’s Thesis]. 

Naydenov, N., Ishpekov, S. and Zaykov, R., 2020. Investigation of seed losses 

 at mechanized harvesting of sesame. Bulg. J. Agric. Sci., 26 (6): 1323 -

 1327. 

Noby, M M., Hasan, M K., Ali, M R., Saha, C K., Alam, M M., Hossain, M 

 M., 2018. Performance evaluation of modified BAU self-propelled reaper 

 for paddy, J. Bangladesh Agril. Univ. 16(2): 171 - 177. 

Oduori, M.F., Mbuya, T.O., Sakai, J. and Inoue, E., 2008. Shattered rice grain 

 loss attributable to the combine harvester reel: Model formulation and 

 fitting to field data. Agric. Engg. Int.: The CIGR E J., 10: 1 – 25 (PM 06 

 013).  

Oduori, M F., Mbuya, T O., Sakai, J. and Inoue, E., 2012. Kinematics of the 

 tined combine harvester reel. Agric. Engg. Int. CIGR J., 14(3), 53-60. 



99 

 

Pareek, A., & Satapathy, S. K., 2020. On Balancing Work Life- a Worm’s Eye 

 View on Wompreneurs of Odisha. J. Edu. Dev., 10(20): 119 - 130. 

Pari, L., Curt, M D., Sánchez, J., Santangelo, E.,  2016. Economic and energy 

 analysis of different systems for giant reed (Arundo donax L.) harvesting 

 in Italy and Spain. Industrial Crops Products, 84: 176–188.          

Patzek, T W., 2004. Thermodynamics of the corn-ethanol biofuel cycle. CRC 

 Crit. Rev. Plant Sci. 23: 519–567. 

Paulsen, M R F., de Assis de Carvalho Pinto, D.G., de Sena, Jr., Zandonadi, 

 R.S., Ruffato, S., Gomide Costa, A., Ragagnin, V.A. and Danao, M.-G. C, 

 2014. Measurement of combine losses for corn and soybeans in Brazil 

 Appl. Engg. Agric. 30(6): 841-855. 

Pekitkan, F.G., Sessiz, A., Esgici, R., (2020). Effects of blades types on shear 

 force and energy requirement of paddy stem. Int. J. Agric. Environ. Food 

 Sci., 4(3), 376-383 

Pillai, S M., 2003. Fishery and production of shrimps from perennial and 

 seasonal fields of Kerala. Indian J. Fish. 50(2):173–180. 

Quick, G., and W. Buchele., 1978.  The Grain Harvesters. St. Joseph, 

 Michigan, USA. The Am. Society of Agric. Eng., Chapter 3: 21. 

Qing, Y., Li Y., Yang, Y., Xu, L. and Ma, Z., 2021. Development and 

 experiments on reel with improved tine trajectory for harvesting oilseed 

 rape, Biosystems Engg. 206: 19–31. 

Radhika, A M., Raju, R K., 2021. Rice GIs of Kerala: Gap in Desired and 

 Achieved Outcomes, J. Intellectual Property Rights, 26(2): 83-91 

Rahimi, H A, and A. Khosravani., 2003. “Assessment of Decreasing Wheat 

 Losses  Methods on Harvesting Stages in Fars Province.” Abstract of Paper 

 on First National Conference of Assessing Agricultural Crops Waists, 

 Agricultural Faculty of  Tarbiat Modaress University; pp. 45-51. 



100 

 

Ranjith, P., Karunakaran, K R., Avudainayagam, S. and Samuel, A D V., 

 2019. Pokkali Rice Cultivation System of Kerala: An Economic Analysis, 

 Agric. Clim. Change, 5: 14-19. 

Ranga, M., 2006. Transformation of Coastal Wetland Agriculture and 

 Livelihoods in Kerala, India, Faculty of Graduate Studies, Natural 

 Resources Institute, University of Manitoba, Winnipeg, Manitoba, Canada. 

 [Unpublished Master’s Thesis]. 

Reddy, V., 2018. Design analysis of KAU Pokkali Paddy Harvester towards 

 the Development of its Scale down Prototype, Department of Farm 

 Machinery and Power Engineering, Kelappaji College of Agricultural 

 Engineering and Technology, Tavanur Kerala Agricultural  University, 

 Kerala, India. [Unpublished Master’s Thesis]. 

Revelle, J. B., 1998. The QFD Handbook by Jack B. ReVelle, John Wiley & 

 Sons Inc, ISBN 0471173819. pp. 1 - 405. 

Richey, C.B., ed., 1961. Agricultural Engineers' Handbook, McGraw-Hill Inc., 

 US, New York. pp 1 - 817. 

Saaty, T.L., and Vargas, L.G., 2001. Models, Methods, Concepts and 

 Applications of the Analytic Hierarchy Process, Kluwer Academic 

 Publishers, Norwell. ISBN 978-1-4615-1665-1. pp 1 - 333. 

Sangwijit, P. and Chinsuwan, W., 2010. Prediction equations for losses of 

 axial flow rice combine harvester when harvesting Chainat 1 Rice variety, 

 KKU Res J. 15(6): 496-504. 

Samon, B. and Duff, B., 1973. The pattern and magnitude of field grain losses 

 in paddy production. IRRI Saturday Seminar Paper, July 7. 

Sasidharan, N. K., Abraham, C.T. and Rajendran, C.G., 2012. Spatial and 

 temporal integration of rice, fish, and prawn in the coastal wetlands of 

 central Kerala, Indian J. Trop.  Agric.  50(2): 15-23. 



101 

 

Shahin, A., 2005. Quality function deployment: A comprehensive review. 

 Department of Management, University of Isfahan: Isfahan, Iran, 1-25. 

Sudhan, C., Mogalekar, H S., Ranjithkumar, K. and Sureshbhai, P D., 2016. 

 Paddy Cum Prawn Farming (Pokkali Fields) of Kerala, 2016. Int. J. 

 Innovative Res. In Multidisciplinary Field, 2 (7). 

Taha, S Y., 2017. Studying The Losses of Threshing Unit for (Jd) Combine 

 Harvester Under the Effect of Different Reel and Threshing Cylinder 

 Speeds for Wheat Harvesting, Euphrates J. Agric. Sci. 11 - 24.  

Telsang, M T., 1998. Industrial Engineering and Production Management, S 

 Chand Publications, New Delhi, India, ISBN 9789352533794. pp. 1 - 

 1132. 

Tomchuk, V., 2020. Loss Management when Harvesting Grain, Legume and 

 Oilseed Crops, Norwegian J. Dev. Int. Sci., 50 (1): 54-67. 

Ujala., Kumar A., Kumar, S., Kumar, R., Kumar, S., Kumar, R., 2020. 

 Performance Evaluation of Paddy Straw Reaper in Paddy Variety Pusa – 

 44, Forage Res. 45(4): 328-334. 

Veerangouda, M., Sushilendra, K., Prakash, V., Anantachra, M., 2010. 

 Performance evaluation of tractor operated combine harvester. Karnataka 

 J. Agric. Sci. 23(2): 282-285. 

Zareishahamat, E S., Abdollah Pour, M., Maysami., 2019. Design, 

 construction and performance evaluation of a reaper for small farms (a 

 case study: Iran). Agric. Engg. Int.: CIGR J., 21(3): 104–113.  

Zarini, LR., Kalantari, D., Akram, A., Mollapour, S. (2021). Selecting the 

 Proper  Sprayer in Citrus Gardens of Mazandaran Province by Analytical 

 Hierarchy Process. Iranian J. Biosystems Engg., 52(1): 119-129.  

Zhuang, X. and Li, Y., 2020. Design and Application of High Stubble Rice 

 Harvester, IOP Conf. Ser.: Mater. Sci. Engg. 740 012208. 



102  

Appendix I 

Questionnaire for identifying the harvesting requirements and constraints 

Kerala Agricultural University  

Design Analysis of Cutter Header Assembly of Pokkali Paddy Harvester 

Questionnaire for Pokkali farmers 

Block: Village:  
Date  : 

1. Socio-economic details of the farmer: 

A. Name of the respondent : 
B. Age : 
C. Gender : 
D. Address : 

 
E. Contact number : 
F. Educational qualification 

a. Below SSLC 
b. SSLC 
c. Plus Two 
d. Diploma 
e. Degree 
f. Post graduation 

Specify (If any other)……………… 
 
G. Experience in Pokkali farming (Years) : 
H. Is Pokkali Cultivation is continued from ancestors? : 
I. Area under Pokkali out of total land holding : 

<1 acre    1-2 acres 2-5 acres          2-5 acres             Nil 

                                      
 

2. Cropping pattern followed 
 
____________________________________________________________ 

 

3. Is your Pokkali field size reduced in last 5 years, if so area of reduction? 

 

_____________________________________________________________ 
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4. If reduced, the reduced land is now presently utilized for? 

 

______________________________________________________________ 

5. Crop details: 

S. No. 
 

Variety 

 
Area 

(acres) 

Quantity 
produced 

(Kg) 

Price realized 
Rs /Kg 

Current year Previous year 
1      
2      
3      
4      

Other crops/farming in the same field: 

                                      a) Fish                      b) Other  

6. Method of Seed bed preparation: 

a) Continuous Mounds   b) Hill mounds   c) Ridges       

d)  Simple Broadcasting  

7. Method of Sowing: 

a) Direct broadcast   b) Hill dropping + Transplanting   c) Mound 

sowing + Transplanting     

8. Input requirement details: 

A. Purchase of seed: 
a) Self produced  
b) Research Stations   
c) Dept. of Agriculture  
d) Private agencies  

B. Whether you are getting any technical support?    

Yes   / No    

If yes, details of support: 

S. No. Name of the institution Kind of support 
1 Farmers association  
2 Dept. of Agriculture  
3 Government Institutions  
4 Farmer Producer Companies  
5 Others  



104  

9. Production details: 
A. Availability of labor: 

 a) Adequate   b) Less than adequate    c) Very less than adequate  

B. Skilled labor problem: Yes  / No  
C. Did you experienced any kind of loss due to: 

a) Climate     

b) Pest and diseases    

c) Government policy on pricing  

d) Labor shortage    

e) Lack of Mechanization   

f) Others     
 

D. Rank the constraints faced in Pokkali paddy cultivation (1 to 7): 
S. No. Problems Ranks 

1 Low yield  
2 High labour charge  
3 Scarcity of labour  
4 Climate change  
5 Unavailability of harvesting machine  
6 Unavailability of other machines  
7 Inadequate price  
8 Crop protection  
9 Decreasing demand  
E. In case of pest and disease, specify the kind and cause of attack: 

  
 ______________________________________________________________ 

F. In case of Lack of mechanization, specify the major operations requires 
urgent mechanization: 

 
 ______________________________________________________________ 
10.   Harvesting Details: 

A. Water level while harvesting? 
 

   <1 foot          1-3 feet         3-5 feet  5-6 feet    1-6 feet 
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B. Mode of Harvest: Manual    Boat    Both   
 

C. In case of manual harvest, what is the level of submergence of human 
body in water? 

    Ankle          Knee          Hip            Chest        Neck 

                                      

D. In case of manual harvest, what is the level of sinkage in slurry? 
Ankle         Knee           Hip            

             
 

E. Cutting Height of crop     :  
 

F. Cut crops to be carried in what mode? 
 

 Gunny bags      Tied bundles   Tractor trailer  Other modes 

     
G. What was age category of majority of the harvest laborers? 

 
    18 - 30      30 – 40       40 - 50      50 – 60        60 < 

                             

H. If harvesting machines on Pokkali Paddy is observed earlier, give details 
of the machine and opinion on the trial. 
___________________________________________________________ 
 
___________________________________________________________ 
 

I. What is the expected storage required in harvester in a single pass in 

terms of acres? 

        0.25 acres       0.5 acres        1 acre       >1 acre  

                                               

J. What range of rent is feasible for harvesting one acre with machine in 

rupees? 

          <1000       1000 - 2500       2500 – 5000       >5000  
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K. What is the acceptable loss on grains in mechanized harvest comparing 
manual harvest? 

             >50%          > 35           >25%         >10%  

                               
L. Is threshing to be done after drying? : Yes   / No    

If yes, how many days after harvesting threshing to be done?  : 

M. Ranking of problems associated with harvesting operation in priority 
base? 

   Moving       Cutting         Carrying       Post work       Atmosphere 

                                         
11. Investment Details: 

A. Did you avail any Loan /Subsidy?   Yes  / No   
B. If yes, source: 

S. No Particulars Amount Percentage 
on total cost 

Interest rate 
(%) 

1 Financial institutions 
(Banks) 

   

2 Cooperatives    
3 SHG    
4 Money lenders    
5 Government    
6 Others    

 

12. Labour and/or Machine charges 

S. No. Activities Labour hours Cost of 
labor/ day 

Machine 
charges per 

hour 
Manual Machine

1 Land preparation     

2 Sowing     

3 Transplanting     
4 Intercultural operations 

(weeding) 
    

5 Harvesting     

6 Threshing     

7 Transportation     
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13. Income details: 

A. Source of income: 
a. Pokkali Paddy alone 
b. Pokkali Paddy + Prawn Farming 
c. Prawn Farming alone 
d. Pokkali System + Self employment/ Business/ Government job 
Specify if any other:    

B. Annual income from Pokkali Paddy alone 
<50,000   50000-1 lakhs   1 lakhs - 1.5 lakhs    1.5 lakhs- 2 lakhs   >2 lakhs 

                                                                  
C.  Whether the entire produce produced during the season is marketed?  

 Yes  / No  
D. What level you are getting prices for Pokkali Rice?  

       a) High   b) Average    c) Low    d) No profit    e) Loss     
14. Opinion about Pokkali Cultivation: 
   A.      What is the reason to sustain in Pokkali Paddy cultivation? 

  a) Tradition        

  b) Field situation (no other crop possible)   

  c) To maintain Pokkali system     

  d) Passionate about Pokkali     

  e) Profit       
B.  What are three major supports needed in priority for extending the cultivation 
area? 

  a) Harvest mechanization    

  b) Crop protection aids    

  c) Land preparation aids    

  d) Transplanting mechanization   

  e) Increased subsidy     

  f) Hike in selling price    

  g) High Yielding varieties    
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Appendix II 

Observations of 1000 Seed Weight and Number of seeds in 10 gm of Indigenous 

and Vytilla varieties of paddy in pokkali system 

S. 

No 
Trial 

Chootu pokkali Chettivirippu Vytilla 1 Vytilla 10 

1000 
Seed 

Weight 

No. of 
seeds 
in 10 
gm 

1000 
Seed 

Weight 

No. of 
seeds 
in 10 
gm 

1000 
Seed 

Weight 

No. of 
seeds 
in 10 
gm 

1000 
Seed 

Weight 

No. of 
seeds 
in 10 
gm 

1 Trial 1 28.10 351 32.50 280 27.98 353 25.95 370 

2 Trial 2 29.30 346 34.00 296 28.16 357 25.98 380 

3 Trial 3 27.10 339 36.20 299 28.01 355 25.99 378 

4 Trial 4 28.90 352 35.30 289 27.96 357 26.15 379 

5 Trial 5 29.50 341 34.95 281 28.16 361 26.09 366 

6 Trial 6 29.35 349 35.60 279 27.85 349 26.04 374 

7 Trial 7 29.90 350 33.10 290 28.02 365 26.18 379 

8 Trial 8 28.95 340 34.00 301 28.11 355 26.05 372 

9 Trial 9 29.95 356 36.10 297 28.01 360 26.05 372 

10 
Trial 
10 

27.95 352 33.00 285 27.94 354 25.98 373 

Average 28.80 348 34.50 290 28.02 357 26.05 375 
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Appendix III 

 Reel Design Calculations 
*Reel design calculation for Reel assembly of KAU Pokkali Paddy Harvester 

S. No 
Reel 

Index 

Dia 
meter 

(m) 

No. of 
Bats 

Reel 
tip 

speed 

Angular 
velocity 
(rad s-1) 

RPM 
Time per 
revolutio

n (s) 

Distance 
per 

revolution 
(m) 

Area per 
revolution 

(m2) 

Staggered 
pitch (m) 

1.  1.00 0.50 5 0.42 1.66 15.90 3.77 1.57 3.30 0.31 
2.  1.25 0.50 5 0.52 2.08 19.87 3.02 1.26 2.64 0.25 
3.  1.50 0.50 5 0.62 2.50 23.85 2.52 1.05 2.20 0.21 
4.  1.70 0.50 5 0.71 2.83 27.03 2.22 0.92 1.94 0.18 
5.  1.75 0.50 5 0.73 2.91 27.82 2.16 0.90 1.88 0.18 
6.  2.00 0.50 5 0.83 3.33 31.80 1.89 0.79 1.65 0.16 
7.  1.70 0.84* 5 0.71 1.68 16.09 3.73 1.55 3.26 0.31 
8.  1.00 0.50 6 0.42 1.66 15.90 3.77 1.57 3.30 0.26 
9.  1.25 0.50 6 0.52 2.08 19.87 3.02 1.26 2.64 0.21 
10.  1.50 0.50 6 0.62 2.50 23.85 2.52 1.05 2.20 0.17 
11.  1.75 0.50 6 0.73 2.91 27.82 2.16 0.90 1.88 0.15 
12.  2.00 0.50 6 0.83 3.33 31.80 1.89 0.79 1.65 0.13 
13.  1.00 0.25 4 0.42 3.33 31.80 1.89 0.79 1.65 0.20 
14.  1.25 0.25 4 0.52 4.16 39.75 1.51 0.63 1.32 0.16 
15.  1.50 0.25 4 0.62 4.99 47.69 1.26 0.52 1.10 0.13 
16.  1.75 0.25 4 0.73 5.82 55.64 1.08 0.45 0.94 0.11 
17.  2.00 0.25 4 0.83 6.66 63.59 0.94 0.39 0.82 0.10 
18.  1.00 0.50 4 0.42 1.66 15.90 3.77 1.57 3.30 0.39 
19.  1.50 0.50 4 0.62 2.50 23.85 2.52 1.05 2.20 0.26 
20.  2.00 0.50 4 0.83 3.33 31.80 1.89 0.79 1.65 0.20 
21.  1.00 0.25 1 0.42 3.33 31.80 1.89 0.79 1.65 0.79 
22.  1.20 0.25 1 0.50 3.99 38.16 1.57 0.65 1.37 0.65 
23.  1.50 0.25 1 0.62 4.99 47.69 1.26 0.52 1.10 0.52 
24.  2.00 0.25 1 0.83 6.66 63.59 0.94 0.39 0.82 0.39 
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Torque and Power Calculation 

For a 4 bat and single bat reel, the power requirement is calculated as follows 

S. No 
Mass of 
the reel 

(kg) 
RPM 

Angular 
Velocity 
(rad s-1) 

Radius of 
gyration 

(m) 

Torque 
(N m) 

Power 
(W) 

1. 25 15 1.57 0.125 0.5 0.8 

2. 25 25 2.62 0.125 1.3 3.5 

3. 25 35 3.66 0.125 2.6 9.6 

4. 25 45 4.71 0.125 4.3 20.4 

5. 25 55 5.76 0.125 6.5 37.3 

6. 25 65 6.80 0.125 9.0 61.5 

7. 50 15 1.57 0.125 1.0 1.5 

8. 50 25 2.62 0.125 2.7 7.0 

9. 50 35 3.66 0.125 5.2 19.2 

10. 50 45 4.71 0.125 8.7 40.8 

11. 50 55 5.76 0.125 12.9 74.5 

12. 50 65 6.80 0.125 18.1 123.0 

13. 75 15 1.57 0.125 1.4 2.3 

14. 75 25 2.62 0.125 4.0 10.5 

15. 75 35 3.66 0.125 7.9 28.8 

16. 75 45 4.71 0.125 13.0 61.2 

17. 75 55 5.76 0.125 19.4 111.8 

18. 75 65 6.80 0.125 27.1 184.5 

19. 100 15 1.57 0.125 1.9 3.0 

20. 100 25 2.62 0.125 5.3 14.0 

21. 100 35 3.66 0.125 10.5 38.4 

22. 100 45 4.71 0.125 17.3 81.6 

23. 100 55 5.76 0.125 25.9 149.0 

24. 100 65 6.80 0.125 36.2 246.0 
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Appendix IV 

Analytical Hierarchy Process 

AHP Pair wise comparison matrix on harvesting performance 

 
Cutting 

Performance 

Gathering 

Performance 

Collection & 

Conveying 

Cut Stalk 

losses 

Uncut stalk 

losses 

Cutting 

Performance 
1     

Gathering 

Performance 
 1    

Collection & 

Conveying 
  1   

Cut Stalk 

losses 
   1  

Uncut stalk 

losses 
    1 

 

 

AHP Pair wise comparison matrix on Machine Performance 

 Manuevarability Transportability Stability Field capacity 

Manuevarability 1    

Transportability  1   

Stability   1  

Field capacity    1 

 

Random index Table for AHP 

n 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 
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Appendix V 

Relationship matrix for QFD 

S. 

No 
Factors 

Reel  

index 

Material of 

Construction 

Cutter 

bar 

type 

Mass of 

the 

assembly 

Reel 

type 

Position 

& 

degrees 

of 

freedom 

1  
Cutting 

Performance  
 

 
    

2  
Gathering 

Performance  
 

 
    

3  
Collection 

Performance  
 

 
    

4  Cut stalk losses        

5  
Uncut stalk 

losses  
 

 
    

6  Manuevarability        

7  Transportability        

8 Stability       

9 Field Capacity       

10 
Importance of 

components 
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Appendix VI 

Customer Rating on Different designs 

S. 

No 

Customer 

requirement 
Factors 

Multiple 

bat 

model, 

Design I 

Single 

bat 

model, 

Design 

II 

Vertical 

axis 

gathering, 

Design III 

Floating 

type with 

projected 

conveyor 

Design 

IV 

1 

Harvesting 

Performance 

Cutting 

Performance 
    

2 
Gathering 

Performance 
    

3 
Collection 

Performance 
    

4 Cut stalk losses     

5 
Uncut stalk 

losses 
    

6 

Machine 

Performance 

Manuevarability     

7 Transportability     

8 Stability     

9 Field capacity     

10 
Component 

Evaluation 

Importance of 

Components 
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Appendix VII 

Questionnaire for Quality Function Deployment Method – Expert Committee 

Evaluation 

Kerala Agricultural University 

Design Analysis of Pokkali Paddy Harvester – Cutter Header Assembly 

1. General Details 

A. Name of the respondent : 

B. Profession : 

C. Age : 

D. Gender : 

E. Contact number : 

F. Address : 

2. Relative Weightage determination - Analytical Hierarchy Process 

A. Harvesting Performance 

 Cutting Gathering Collection & 

Conveying 

Cut Stalk 

losses 

Uncut stalk 

losses 

Cutting 1     

Gathering  1    

Collection & 

Conveying 
  1   

Cut Stalk losses    1  

Uncut stalk losses     1 

B. Machine Performance 

 Manuevarability Transportability Stability Field Capacity 

Manuevarability 1    

Transportability  1   

Stability   1  

Field Capacity    1 
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3. Give the Yes/No questions. If so ‘Yes’, what is the relationship ranking 

(0/1/3/5/7/9) 

Cutting 

1. Whether cutting is influenced by reel speed? Yes   / No    _______ 

2. Whether cutter bar knife material influences cutting? Yes   / No    _______ 

3. What is the influence level of cutterbar type on cutting? _________ 

4. Does reel type influences cutting? Yes   / No    _________ 

5. What is the influence of position of cutter bar on cutting? __________ 

Gathering 

1. What is the influence level of reel speed on gathering? _______ 

2. Whether pick up tynes influences gathering? Yes   / No    _______ 

3. What is the influence level of reel type on gathering? _________ 

4. What is the influence of position of reel in gathering? __________ 

Conveying & Collection 

1. What is the influence level of reel speed on collection and conveying? _______ 

2. Whether cutterbar type and material influences gathering? Yes   / No    

_______ 

3. What is the influence level of reel type on collection & conveying? _________ 

Cut stalk losses 

1. Whether reel properties influence cut stalk losses? Yes   / No    _______ 

2. Whether cutter bar properties influences cut stalk losses? Yes   / No    

_______ 

3. Whether position influences cut stalk losses? Yes   / No    _______ 

Uncut stalk losses 

1. Whether reel properties influence uncut stalk losses? Yes   / No    _______ 

2. Whether cutter bar properties influences uncut stalk losses? Yes   / No    

_______ 
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3. Whether position influences uncut stalk losses? Yes   / No    _______ 

Manuevarability 

1. Whether reel type influences manuevarability? Yes   / No    _______ 

2. Whether position influences manuevarability? Yes   / No    _______ 

3. Whether material of construction influences manuevarability? Yes   / No    
_______________ 

4. Whether mass of the assembly influences the manuevarability? Yes   / No    
__________________ 
Transportability 

1. Whether position influences transportability? Yes   / No    _______ 

2. What is level of influence in material of construction in transportability? _______ 

Stability 

1. What is level of influence in material of construction in stability? _______ 

2. Whether position influences stability? Yes   / No    _______ 

3. What is level of influence in mass of the assembly in stability? _______ 

 Field capacity 

1. What is the level of influence of reel and cutterbar type in field capacity? ________ 

2. Whether reel index influences field capacity? Yes   / No    _______ 

3. Whether positions influence field capacity? Yes   / No    _______ 

 Component Evaluation 

1. Whether reel is important on gathering? Yes   / No    _______ 

2. If not reel, can any other gathering mechanism is required? Yes   / No    _______ 
3. What type of cutter bar to be used? What is the level of importance on type of cutterbar 

type? Reciprocating   / Scissor    _______ 
4. What material for knife can be suggested and what level of impact it have on the machine? 
         __________ ____________ 
5. Where the position of assembly to be applied? 

      Above the water     At the level of water   Below the water surface     

      Importance level of maintaining position?   __________ 

6. What will be the reel index for best performance? __________   

     Importance level of maintaining reel index? ________  
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4. Rating from 1 to 5 

S. 

No 

Customer 

requirement 
Factors 

Multiple 

bat 

model, 

Design I 

Single 

bat 

model, 

Design 

II 

Vertical 

axis 

gathering, 

Design III 

Floating 

type 

model, 

Design 

IV 

1 

Harvesting 

Performance 

Cutting 

Performance 
    

2 
Gathering 

Performance 
    

3 
Collection 

Performance 
    

4 Cut stalk losses     

5 Uncut stalk losses     

6 

Machine 

Performance 

Manuevarability     

7 Transportability     

8 Stability     

9 Field capacity     

10 
Component 

Evaluation 

Importance of 

Components 
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Appendix VIII 

Malayalam Version of Questionnaire in Appendix VII 

േകരള കാർഷിക സർവകലാശാല 
േകള ജി േകാേളജ ്ഓഫ് അ ഗികൾ റൽ എ ിനീയറിംഗ് 

ആൻഡ് െടക്േനാളജി, തവനൂർ, മല ുറം 
 

െപാ ാളി പാഡി ഹാർെവ റിന്െറ ഡിൈസൻ വിശകലനം - ക ർ 
െഹഡർ അസം ി 

േചാദ ാവലി 

1. േപര ് : 

2. െതാഴിൽ : 

3. പായം : 

4. ലിംഗേഭദം : 

5. െമാൈബൽ ന ർ : 

6. വിലാസം : 

വിളെവടു  ് പകടനം 
 ക ിംഗ് ഒ ുേചരൽ േശഖരണവും 

ൈകമാ വും 
മുറി ുക 
ത ് 
ന ം  

മുറി ാ  
ത ിന്െറ 
ന ം 

ക ിംഗ് 1     

ഒ ുേചരൽ  1    

േശഖരണവും 
ൈകമാ വും 

  1   

മുറി  
ത ുകളുെട 
ന ം 

   1  

മുറി ാ  
ത ിന്െറ 
ന ം 

    1 
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െമഷീൻ പകടനം 
 ൈകകാര ം 

െച ൽ 

ഗതാഗത മത ിരത ഫീൽഡ് 

േശഷി 

ൈകകാര ം 

െച ൽ 
1    

ഗതാഗത മത  1   

ിരത   1  

ഫീൽഡ് േശഷി    1 

 
3. അെത/ഇ  േചാദ ൾ നൽകുക. അ െനയാെണ ിൽ 
'അെത', ബ ളുെട റാ ിംഗ ്എ ാണ ്(0/1/3/5/7/9) 
ക ിംഗ ്
1. മുറി ു ത ്റീൽ േവഗതെയ സ ാധീനി ു ുേ ാ?  
       അെത/ ഇ      _______ 
2. ക ർ ബാർ ക ി െമ ീരിയൽ ക ിംഗിെന സ ാധീനി ു ുേ ാ? 
       അെത ഇ     _______ 
3. മുറി ു തിൽ ക ർബാർ തര ിന്െറ സ ാധീന നില എ ാണ?് 
          
         _________ 
4. റീൽ തരം ക ിംഗിെന സ ാധീനി ു ുേ ാ?  
       അെത/ഇ     _________ 
5. മുറി ു തിൽ ക ർ ബാറിന്െറ ാന ിന്െറ സ ാധീനം 
എ ാണ?് __________ 
ഒ ുേചരൽ 
1. േശഖരി ു തിൽ റീൽ േവഗതയുെട സ ാധീന നില എ തയാണ?് 
          _______ 
2. പി  ്െടയിനുകൾ േശഖരി ു തിെന സ ാധീനി ു ുേ ാ?  
        അെത/ഇ     _______ 
3. േശഖരി ു തിൽ റീൽ തര ിന്െറ സ ാധീന നില എ ാണ?്  
          _________ 
4. േശഖരി ു തിൽ റീലിന്െറ ാന ിന്െറ സ ാധീനം എ ാണ?്     
 ___________ 
ൈകമാറലും േശഖരണവും 
1. േശഖരണ ിലും ൈകമാ ിലും റീൽ േവഗതയുെട സ ാധീന 
നില എ തയാണ?്                   
 ___________ 
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2. ക ർബാർ തരവും െമ ീരിയലും േശഖരി ു തിെന 
സ ാധീനി ു ുേ ാ? അെത അ       
 ___________ 
3. േശഖരണ ിലും ൈകമാ ിലും റീൽ തര ിന്െറ സ ാധീന 
നില എ ാണ?്        
 ___________ 
മുറി  ത ുകളുെട ന ം  
1. റീൽ േ പാ ർ ികൾ ത ിന്െറ ന ം കുറയ് ുേമാ?  
        അെത/ഇ     _______ 
2. ക ർ ബാർ േ പാ ർ ികൾ ത ുകളുെട ന ം കുറയ് ു ുേ ാ? 
അെത അ                   
 _________ 
3. ാന സ ാധീന ൾ ത ിന്െറ ന ം കുറയ് ുേമാ? അെത/ഇ      
 __________ 

മുറി  ത ുകളുെട ന ം 
1. റീൽ േ പാ ർ ികൾ െവ ാ  ത ിന്െറ ന െ  
സ ാധീനി ുേമാ? അെത/ഇ     _______ 
2. ക ർ ബാർ േ പാ ർ ികൾ െവ ാ  ത ിന്െറ ന െ  
സ ാധീനി ു ുേ ാ? അെത/ഇ      _______ 
3. ാനം െവ ാ  ത ിന്െറ ന െ  സ ാധീനി ു ുേ ാ? 
        അെത/ഇ      _______ 
ൈകകാര ം െച ൽ 
1. റീൽ തരം മാനുവറബിലി ിെയ സ ാധീനി ു ുേ ാ? 
        അെത/ഇ      _______ 
2. ാനം മാനുവറബിലി ിെയ സ ാധീനി ു ുേ ാ?  
       അെത/ഇ      _______ 
3. നിർ ാണ സാമ ഗികൾ മാനുവറബിലി ിെയ 
സ ാധീനി ു ുേ ാ?  
       അെത/ഇ      _______ 
4. ബഹുജന സാ ത മാനുവറബിലി ിെയ സ ാധീനി ു ുേ ാ? 
        അെത/ഇലല്   _______ 
ഗതാഗത മത 
1. ാനം ഗതാഗതെ  സ ാധീനി ു ുേ ാ? 
        അെത/ഇ      _______ 
2. ഗതാഗതേയാഗ തയിെല നിർ ാണ സാമ ഗികളുെട സ ാധീന നില 
എ ാണ?്                
 __________ 
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ിരത 
1. ിരതയുെട നിർ ാണ സാമ ഗികളിൽ സ ാധീന ിന്െറ അളവ ്
എ ാണ?്                                       _______ 
2. ാനം ിരതെയ സ ാധീനി ു ുേ ാ?       അെത/ഇ      _______ 

3. ിരതയിെല ബഹുജന സാ തയിെല സ ാധീന നില എ ാണ?്  
               _______ 
 ഫീൽഡ ്േശഷി 
1. ഫീൽഡ ്ക ാസി ിയിൽ റീൽ, ക ർബാർ തരം എ ിവയുെട 
സ ാധീന നില എ തയാണ?്         
 ________ 
2. റീൽ ീഡ ്ഇൻഡ  ്ഫീൽഡ ്ക ാസി ിെയ സ ാധീനി ു ുേ ാ?  
        അെത/ഇ      _______ 
3. ാന ൾ ഫീൽഡ ്േശഷിെയ സ ാധീനി ു ുേ ാ? 
         അെത/ഇ      _______ 
  
ഘടകം വിലയിരു ൽ: 
1. േശഖരി ു തിൽ റീൽ പധാനമാേണാ?              അെത/ഇ      _______ 
2. റീൽ ഇെ ിൽ, മേ െത ിലും േശഖരണ സംവിധാനം 
ആവശ മുേ ാ?  
        അെത/ഇ      _______ 
3. ഏതുതരം ക ർ ബാർ ഉപേയാഗി ണം? ക ർബാർ തര ിന്െറ 
പാധാന ിന്െറ അളവ ്എ ാണ?്  

            പര രം / ക തിക _______ 
4. ക ി  ്എ  ്െമ ീരിയൽ നിർേ ശി ാനാകും, അത ്െമഷീനിൽ 
എ തേ ാളം സ ാധീനം െചലു ു ു?    _________ 
5. അസം ി ാനം എവിെടയാണ ് പേയാഗിേ ത?് 
      ജല ിന് മുകളിൽ ജലനിര ിൽ ജല ിന്െറ ഉപരിതല ിന് 
താെഴ ാനം നിലനിർ ു തിന്െറ പാധാന ം?                        ________ 
6. മിക  പകടന ിന് റീൽ ീഡ ്ഇൻഡ  ്എ ായിരി ും?________ 
     റീൽ ീഡ ്സൂചിക നിലനിർ ു തിന്െറ പാധാന ം? ________ 
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(1 മുതൽ 5 വെര േറ ിംഗ)്  

S. 

No 
ആവശ കതകൾ ഘടക ൾ 

െവയിേ ജ ്

(1 to 10) 

4 

ബാർ  

ഒ  

ബാർ  

ലംബ 

അ  

തരം 

േ ാ ിംഗ ്

തരം 

1 

വിളെവടു  ്
പകടനം 

 

ക ിംഗ് 

പകടനം 
     

2 ഒ ുേചരൽ      

3 
േശഖരണവും 

ൈകമാ വും 
     

4 

മുറി  

ത ുകളുെട 

ന ം 

     

5 

മുറി ാ  

ത ിന്െറ 

ന ം 

     

6 

െമഷീൻ 

പകടനം 
 

ൈകകാര ം 

െച ൽ 
     

7 ഗതാഗത മത      

8 ിരത      

9 ഫീൽഡ് േശഷി      

10 
ഘടകം 

വിലയിരു ൽ 
ഘടക ളുെട 

പാധാന ം 
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Appendix IX 

List of Core Committee Experts 

S.No Name Designation 
Farmers 

1. V N Rajendran Manimandiram, Ezhikkara, +919961169780 

2. M S Ratheesh Meppillil (H), Kedamangalam, Ezhikkara, +919895833900 

3. K M Vincent Kodiyanthara, Ezhikkara, +919947844584 

4. Justin Thomas Chiriya Pattaparambil, Moolampally, Kochi, +918086081791 

5. E D Xavier Earathara house, Pizhala, Kochi, +919495467813 

6. E R David Edathil house, Pizhala, Kochi 27, +919447576204 

7. Raju V Chaukri kandam home, Ezhupunna,Alapuzha, +916380489282 

8. Sajeevan S Thekkemudi, Ezhupunna, Alapuzha, +919500586988 

Scientists 

9. Dr Jayan P R Professor & Head, Department of Farm Machinery & Power 

Engineering, KCAET, KAU, Tavanur. +919447301928 

10. 
Dr Manoj Mathew Professor (Farm Machinery & Power Engineering), Rice 

Research Station, KAU, Moncompu. +919447939705 

11. Er Sindhu Bhaskar Assistant Professor, Department of Farm Machinery & Power 

Engineering, KCAET, KAU, Tavanur. +919475382218 

12. Dr T Senthil kumar Principal Scientist (Farm Power & Machinery), ICAR Central 

Institute of Agricultural Engineering, Regional centre, 

Coimbatore.  +919842955606 

13. Dr Deepa Thomas Assistant Professor, Rice Research Station, KAU, Vytilla. 

+919446605795 

14. Dr Shinoj 

Subramaniam 

Senior Scientist & Head, KVK, Narakkal, Ernakulam , 

+919496303457 

15. Er Sanju 

Sukumaran 

Assistant Professor, Department of Farm Machinery & Power 

Engineering, KCAET, KAU, Tavanur, +919809339875 
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Experts from related field 

16. Ms Saritha  

Mohan J 

Agricultural Officer, Krishi bhavan, Ezhikkara – 683513, 

+919447895501 

17. Er Shareesh P Design Engineer, Rennaissance Power Products Pvt Ltd 

(Bheem), Coimbatore, +919003900445 

18. Dr Edwin Teaching Assistant, Department of Farm Machinery & Power 

Engineering, KCAET, KAU, Tavanur.  +918907780447 

19. Dr Rajesh Teaching Assistants, Department of Farm Machinery & Power 

Engineering, KCAET, KAU, Tavanur. +919995223553 
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Appendix X 

Weighted Relationship matrix for QFD 

S. 

No 

Criteria Reel 

index 

Material of 

construction 

Cutter 

bar 

type 

Mass of 

the 

assembly 

Reel 

type 

Position 

& 

degree 

of 

freedom 

1 
Cutting 

Performance 
5.10 11.51 10.93 0.00 5.54 12.39 

2 
Gathering 

Performance 
23.56 0.00 0.00 0.00 21.99 26.31 

3 
Collection 

Performance 
2.31 0.81 0.81 0.00 2.04 0.00 

4 Cut stalk losses 5.27 6.92 6.92 0.00 5.27 7.02 

5 
Uncut Stalk 

losses 
13.78 18.17 18.17 0.00 13.78 22.55 

6 Manuevarability 0.00 4.41 0.00 14.71 9.24 9.87 

7 Transportability 0.00 3.68 0.00 0.00 0.00 3.39 

8 Stability 0.00 46.64 0.00 52.94 0.00 52.31 

9 Field capacity 5.87 0.00 7.80 0.00 7.80 4.56 

10 
Importance of 

components 
62.00 81.00 88.00 0.00 55.00 94.00 

 Total 117.9 173.15 132.63 67.65 120.6 232.41 

 Rank 5 2 3 6 4 1 

 
Weighted 

Percentage 

13.9 

% 
20.5 % 15.7 % 8.0 % 

14.2 

% 
27.5 % 
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Appendix XI 

Weighted Rating matrix for QFD 

S. No Criteria Design I Design II Design III Design IV 

1 Cutting 

Performance 
6.12 8.60 5.39 4.37 

2 Gathering 

Performance 
14.92 22.38 12.96 13.35 

3 Collection 

Performance 
1.90 2.17 1.81 2.40 

4 Cut stalk losses 3.72 6.20 3.10 3.93 

5 Uncut Stalk 

losses 
12.21 16.60 9.08 11.27 

6 Manuevarability 9.24 13.03 7.35 7.35 

7 Transportability 2.53 3.57 2.01 1.96 

8 Stability 25.21 37.82 23.95 35.93 

9 Field capacity 4.86 6.38 3.44 3.85 

10 Importance of 

components 
46.00 64.00 36.00 45.00 

 Total 126.72 180.74 105.10 129.40 

 Rank 2 1 4 3 
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DESIGN ANALYSIS OF SUITABLE CUTTER HEADER ASSEMBLY 

FOR POKKALI PADDY HARVESTER 

ABSTRACT 

 Pokkali system of rice cultivation is a unique farming under pokkali 

ecosystem prevalent exclusively in central Kerala. Harvesting of paddy in pokkali 

is to be carried out under stagnated water level which may raise upto five feet. 

Hence a research was undertaken to design a suitable cutter header assembly for 

the harvester, as other existing harvesting machines can’t be used in pokkali 

fields. Existing machines were studied and their drawbacks were identified. Four 

different designs of cutter header assembly models were made suiting an existing 

amphibian weed harvester (Truxor DM 5045). The four design models were 

design I (multiple bat reel system), design II (single bat reel system), design III 

(vertical axis reel system) and design IV (floating assembly with projected 

conveyor system). Selection of the best model out of these four was carried out by 

Quality Function Deployment (QFD) Technique along with Analytical Hierarchy 

Process (AHP) as a sub process, statistical analysis with expert ratings on models 

and Finite Element Analysis (FEM) on components suspected to failure of the 

selected models. All the results were collectively analysed and design II (single 

bat reel system) was selected. Also the design I (multiple bat reel system) can be 

an alternative as per statistical analysis. The single bat reel type system consists of 

single bat reel with elongated tynes. The corrosion resistant standard type 

cutterbar is finalized. Other specifications such as position of assembly, material 

of construction, dimensions etc were discussed in detail. Further the design, 

development and evaluation are suggested on the selected models with reduced 

size machine with same features and components as in Truxor DM 5045 

(Amphibian weed harvesting machine). 

Keywords: Pokkali system of paddy cultivation; pokkali paddy harvester; Harvest 

mechanization; Cutter header assembly; Reel. 
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പ ൊക്കൊളി വിളപവടുപ്പിന് യ ൊഗ്യമൊ  

പ ൊ ്തു ന്ത്രതിന്പെ   ട്ടർ-പെഡ്ഡർ 

അസ്സംബ്ളി ുപട രൂ  ല്പനൊ വിശ ലനം 

 

മധ്യകേരളത്തിൽ സമുദ്രനിരപ്പിനുതാഴഴയുള്ള ദ്രകതയേ 

ആവാസവയവസ്ഥയിൽ അവലംബിച്ചുവരുന്ന 

േൃഷിരീതിയാണ് ഴരാക്കാളി. വളഴരയധ്ിേം 

ദ്രതികരാധ്കേഷിയുള്ള, ലവണാംേം ഉള്ള മണ്ണിൽ നന്നായി 

വളരാനും വിളയാനും േഴിയുന്ന, നല്ല ഴരാക്കത്തിൽ 

വളരുന്നതുമായ ഴനല്ലിനങ്ങളാണ ്ഈ ദ്രകരേങ്ങളിൽ േൃഷി 

ഴെയ്തു വരുന്നത്.  ഴരാക്കത്തിൽ ആളി 

നിൽക്കുന്നതുഴോണ്ടാണ് ഇതിന് ആ കരര ്വരാൻ ോരണം. 

ഇത്തരം േൃഷിരീതികയയും ഴരാക്കാളി എന്നു തഴന്ന 

വിളിയ്ക്കുന്നു. 

 

ഈ ദ്രകരേങ്ങളിൽ ഴോയ്ത്ത് സമയത്ത് ജലനിരപ്പ ്

അഞ്ചടിവഴര ഉയരാൻ സാധ്യതയുണ്്ട.ആയതിനാൽ 

ഴരാക്കാളി രാടങ്ങളിൽ നിലവിലുള്ള ഴോയ്ത്ത് യദ്രങ്ങൾ 

ഉരകയാഗിയ്ക്കാൻ സാധ്യമല്ല. നിലവിലുള്ള ആംഫിബിയൻ 

േള നിവാരണ യദ്രത്തിന്ഴെ (ദ്ടേ്കസാർ ഡി എം 5045) 

ജലഗതാഗത സവികേഷതേളും ലളിതമായ നിയദ്രണ 

രീതിേളും ഈ യദ്രത്തിൽ ഴോയ്ത്ത് യദ്രഭാഗങ്ങളിൽ   

അനുകയാജയമായ മാറ്റം  വരുത്തിയാൽ ഒരു നല്ല ഴരാക്കാളി 

ഴോയ്ത്ത് യദ്രമാക്കി മാറ്റിഴയടുക്കാൻ േഴിയും എന്ന തീ

രുമാനത്തിൽ എത്തികച്ചരാൻ ോരണമായി. അതിനായി 

ഴോയ്ത്ത് യദ്രത്തിന്ഴെ േട്ടർ-ഴെഡ്ഡർ അസ്സംബ്ളി 

രൂരേല്പന ഴെയ്യുന്നതിനായി ഗകവഷണം നടത്തി. 

നിലവിലുള്ള ഴരാക്കാളി ഴോയ്ത്ത് യദ്രങ്ങൾ 

രഠിയ്ക്കുേയും അതിന്ഴെ കരാരായ്മേൾ േഴണ്ടത്തുേയും 

ഴെയ്തു. നിലവിലുള്ള ആംഫിബിയൻ േള നിവാരണ 

യദ്രത്തിന് (ദ്ടേ്കസാർ ഡി എം 5045) അനുകയാജയമായ 

രീതിയിലുള്ള നാലു േട്ടർ-ഴെഡ്ഡർ അസ്സംബ്ളിേൾ രൂരേല്പന 

ഴെയ്ത  ്അതിന്ഴെ സാധ്യതേൾ രരികോധ്ിച്ചു. മൾട്ടിപ്പിൾ ബാറ്റ് 



െീൽ സിസ്റ്റം, സിങ്കിൾ ബാറ്റ് െീൽ സിസ്റ്റം, ഴവർട്ടിക്കൽ ബാറ്റ ്

െീൽ സിസ്റ്റം ഫ്കളാട്ടിംഗ് അസ്സംബ്ലി വിത്്ത ഴദ്രാജക്ടഡ് 

േൺഴവയർ സിസ്റ്റം എന്നിവയാണ് അവ. ഈ നാലു 

കമാഡലുേളിൽ നിന്ന ് ഏറ്റവും ഫലദ്രരമായത് 

തിരഴെടുക്കുന്നതിന് േവാളിറ്റി ഫംഗ്ഷൻ ഡികലായ്ഴമന്െ്, 

അനലിറ്റിക്കൽ െയൊർക്കി എന്നീ ഇൻഡസ്ദ്ടിയൽ 

എഞ്ചിനീെിംഗ ് ഴടക്നിക്ക്സു േൾ സകയാജിപ്പിച്ചാണ് 

ഉരകയാഗിച്ചത്. ഈ നാലു കമാഡലുേൾക്കും ഴരാക്കാളി 

േൃഷിരീതിേളിലും ോർഷിേയദ്ര രൂരേല്പനയിലും 

വിരഗ്ധരായവരുഴട അഭിദ്രായങ്ങളും അവർ ഴോടുത്ത 

കെറ്റിംഗും വിേേലനം ഴെയ്ത  ്സിംഗിൾ ബാറ്റ് െീൽ സിസ്റ്റമാണ് 

ഏറ്റവും ഫലദ്രരമായത് എന്ന് േഴണ്ടത്തി. 

സ്ഥിതിവിവരക്കണക്കുേളുഴട സൂക്ഷ്മ നിരീക്ഷണത്തിൽ 

സിംഗിൾ ബാറ്റ ് െീൽ സിസ്റ്റവും മൾട്ടിപ്പിൾ ബാറ്റ് െീൽ 

സിസ്റ്റവും തമ്മിൽ ോരയമായ വയതയാസം േണ്ടില്ല. 

ആയതിനാൽ ഒരു ബരൽ സംവിധ്ാനമായി മൾട്ടിപ്പ്ൾ ബാറ്റ ്

െീൽ സിസ്റ്റം ഉരകയാഗിയ്ക്കാം എന്നും നീരീക്ഷിച്ചു. 

അതുഴോണ്്ടതഴന്ന തിരഴെടുക്കഴപ്പട്ട രണ്ടു 

രൂരേല്പനേളിലും ബലക്ഷയമുണ്ടാോൻ സാധ്യതയുള്ള 

യദ്രഭാഗങ്ങളുഴട അളവുേൾ  ഫഫഫനറ്റ് എലഴമന്െ് 

അനാലിസിസ ് ഴെയ്ത  ് നിജഴപ്പടുത്തി. ഴോകൊഷൻ 

ഴെസിസ്റ്റന്െ് സ്റ്റാന്കെർഡ് േട്ടർ ബാർ അസ്സംബ്ളിയുഴട 

സ്ഥാനം, നിർമ്മാണ സാമദ്ഗിേൾ, അളവുേൾ എന്നിവയും 

േൃതയമായി െർച്ചഴെയ്തു. ദ്ടേ്കസാർ ഡി എം 5045 

(ആംഫിബിയൻ േള നിവാരണ യദ്രം) ത്തിന്ഴെ അകത 

സഞ്ചാര സവികേഷതേളുള്ളതും വലുപ്പം േുെവുള്ളതും 

തിരഴെടുത്ത കമാഡലിലുള്ള േട്ടർ ഴെഡ്ഡർ 

അസ്സംബ്ളിയുള്ളതുമായ ഒരു ആധ്ുനിേയദ്രമായിരിയ്ക്കും 

കരാക്കാളിേൃഷിയ്ക്്ക അനുകയാജയമാവുേ എന്നാണ് ഈ 

രഠനത്തിൽ നിന്ന് മനസ്സിലാക്കുന്നത്.   

 


