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Abstract 

This document explains various ways for Modification and Improvement of a 
Low-cost Sheep Hair Shearing Device. Design and development of the device 
have been done at IIT Delhi over last 10 years. Several complete sets were 
manufactured and tested in the field at various locations such as Barot, 
Bharmour, Palampur, Hisar, Bikaner, Bhuj, and Rishikesh, whereas spares like 
comb and cutters were made more than 40 sets. The testing results were 
observed and various aspect for improving the device performance has been 
studied and it has been explained in this document. 
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1. Background and Need   

According to the 19th Livestock Census which was carried out by the Department of Animal 
Husbandry, Dairying and Fishing (DADF), Ministry of Agriculture and Farmer Welfare, Govt. of 
India in 2012, 6.5 crore sheep are found in India.Central Wool Development Board (CWDB) 
gave a project for boosting the livelihood of the shepherds and to produce better quality wool 
by developing a mechanized device in India itself for the removal of woollen fleece ofthe sheep. 
The present method of shearing the sheep hair is by handmade scissors. The drawback of 
removing hair by hands is that, only about half of the hair length is removed which does not 
yield good quality yarn. With machines it is possible to cut hairs almost from the roots, thus 
resulting in good quality yarn. That way a shepherd gets a good price for the woollen fleece cut 
by the machine. Machine shearing using imported devices (mainly from UK and Switzerland) is 
being used in certain regions, e.g., in Himachal Pradesh, etc. They are expensive and 
constrained to a new set when combs and cutters got exhausted after shearing about 400 
sheep. As a result, to reduce the drudgery of hand shearing of sheep by scissors to obtain body 
hair for wool industry, IIT Delhi took up the work and developed a version in recent years. 

 

2. Introduction 

 A prototype of Indigenous Sheep Hair Shearing device which is a substitute for the product 
available in the foreign market was initially developed by IIT Delhi during years 2005-2008. 
Working of a typical device can be seen in https://www.youtube.com/watch?v=LusLR1CC16U. 

Indigenization of this product helped not only to reduce the cost of the device but also to save 
foreign reserve. Later, RuTAG IIT Delhi took another project in March 2014 entitled, 
“Dissemination of Low– Cost Sheep Hair Shearing Device Developed by IIT Delhi’ for the 
dissemination of the device. 

The complete set of the Sheep Hair Shearing device (Figure 1) consists of Comb, Cutter, 
Handpiece, Motor, Flexible drive and Grinder, etc. In the beginning, IITD worked on the CAD 
model of the components and their assembly. To make the complete indigenized set, the above-
mentioned parts were to be manufactured. Based on the extensive market survey, indigenous 
motor and flexible drive were purchased and tested in Wool Grading Cum Marketing Centre, H. 
P. Wool Federation, Banuri, Tehsil Palampur, Distt. Kangra, Himachal Pradesh. The testing of 
Motor and the Flexible shaft was very successful and satisfying. The users asked for the light-
weight flexible shaft. Considering this feedback, certain changes were made in the design of the 
flexible shaft to reduce its weight. The improved light-weight flexible shaft was then tested 
again at various locations and found to be very satisfying and acceptable to be used by the 
sheep shearing industry. 

Several vendors were shortlisted for the manufacturing of Comb and Cutter for the 
device. As these parts slide over each other, they are subjected to continuous wear and 
required a specific material. IIT Delhi team selected D2 tool steel based on the required 
chemical composition for manufacturing of Comb and Cutter. The vacuum Heat Treatment 
process was used to maintain the hardness of these components. 

 

https://www.youtube.com/watch?v=LusLR1CC16U


Figure 1: Indigenous Sheep Hair Shearing Device with Handpiece developed by IIT Delhi 

Handpiece of the device on the other hand, is an assembly of various components. Some 
components such as Barrel, Fork, Fork Yoke, and Joints were cast using investment casting 
method. Other components of the Handpiece were manufactured by machining. After 
manufacturing and assembling the complete Handpiece, different field trials were conducted to 
check their performances. The performance of Handpiece was satisfactory, and the form 
factors were geometrically correct. 

 

Figure 2: Components of Sheep Shearing Device developed by IIT Delhi 

 



 
Figure 3: Power transmission flowchart of Sheep Shearing device 

 

Figure 4. Components of Handpiece 



3. Literature review 

The device developed by IIT Delhi was studied and some possible modification opportunities 
like reduction of weight of handpiece body, flexible shaft, material selection of flexible shaft 
was observed. It was also found that the performance of comb and cutter drops after grinding. 
In addition, the device also needs reduction of friction at some rotating parts by incorporation 
of bearings, etc. to counter the heat emission from the handpiece. 

 

4. Modification and Improvement of Flexible Drive Shaft 

4.1 Specification of present IIT Delhi Flexible Drive: 

1. Inner Core (Material: Spring steel, heat treated, close packed spring shaped coil*)  

2.  Motor side attachment (EN31 material, have threads on one end which connects motor 
shaft and the flexible shaft-inner core) 

3. Handpiece side attachment (EN31steel/mild steel material) 

4. Outer cover (Material: Strengthened rubber casing, have a small sleeve to keep it sturdy 
and helps to connect to handpiece) 

5. Length: Approx 2m  

6. Inner core nominal diameter:  9 mm  

7. Weight: aprrox 2.2 kg 

 

4.2 Selection of suitable diameter for our Flexible Drive: 

To choose the right diameter core for power drive flexible shaft applications (over 100 rpm), 
we must know: 

 1. Power and torque to be transmitted by the core shaft 
 2. Rpm 
  3. Minimum radius of bend 
 4. Maximum dynamic torque capacity of the flexible drive 
  5. Direction of rotation 
 

4.3 Calculations: 
Our Motor gives a Power Output of 0.7 HP and rotating at 2,800 RPM. 
P=0.7 HP or 521.99 watt. 
N=2,800 PM. 
So, Torque to be transmitted = (P*60)/(2*pi*N) = 1.75 Nm. 
Now,compare the actual torque to the maximum dynamic torque capacity, taking care that 
the actual torque to be transmitted does not exceeds the maximum dynamic torque that can 
be transmitted through the flexible drive. 



Table 1: Maximum dynamic torque capacity dependence on core diameter and radius of 
operation 

 

 

 

Figure 5:Power and speed dependence on the flexible shaft's diameter 



4.4 Selecting suitable material for the flexible shaft: 

The comparison is based on following properties: 

• Tensile Strength - shown as a % of CS45 (most popular wire) 

• Corrosion - The ratings are based on published specifications for respective metals 

• Heat Resistance - The number indicates the highest temperature (degree Fahrenheit) 
for the metal 

• Anti-magnetic Property - The numbers are based on published specifications for 
respective metals 

• Weightis mentioned as percentage, using CS45 wire density as 100% and all others as a 
percent of CS45 density.  

• Cost - shown as a % of CS45 cost. The cost will vary by wire size, quantity of individual 
size and the spot market price for each metal. The information in this column only gives 
a rough comparison from one grade to another. 

• Availability - Some wires are readily available in all sizes, others have long lead times 
and "Minimum Order" requirements 

 

Table 2: Inner core material comparison based on various properties 

 

 

 



 

 

 

4.5 Results: 

 We can choose a core of nominal diameter 7mm, which is a safe value. 

 It will also help in reducing the weight of the flexible shaft. 

  We have observed that for our given budget CS 45 i.e. Medium Carbon Spring Steel is 
the best material that we can use.  

 



5. Modification and Improvement of Barrel 

5.1 Observation: 

1. It is the heaviest part of the handpiece (approx. weight 400gm). We need to reduce the 
weight to make it more sophisticated. 

2. The material to be chosen must also have good thermal insulation so that the heating of 
the handpiece can be minimized, and the no heat could be transferred to shearer’s hand. 

The following data of different suitable materials is collected to lookout for best available 
option: 

 

5.2 Results: 

SG 450-22materialhave the best overall features and it has all the required properties for our 
handpiece. 

 

MATERIALS UTS YS ϱ E BHN ε[%] CostThermal CondImpact ResistanceCastabilityDamping Capacity

SG 900-2 900 600 7.3 178 280-360 2 2 30.5 G G

SG 700-2 700 420 7.2 176 225-305 2 31.1 G E G

SG 500-15 500 320 7.1 169 170-230 7 35.2 G E G

SG 450-22 450 320 7.1 169 160-210 10 36.2 G E G

SG 400-15 400 250 7.2 169 130-180 15 38.5 G G

FG 350 350 228 7.3 140 207-241 0.6 1 45.7 P E E

FG 400 400 260 7.3 145 207-270 0.6 44 P E E

GJV 400 400 280 7.2 140 243-317 1 44 P G G

GJV 450 450 315 7.1 145 240-320 2 42.7 P G G

ASTM A897M-90[ADI]

Grade 1 850 550 7.1 170 269-321 10 3 20-23 E M M

Grade 2 1050 700 7.1 168 302-363 7 20-23 E M M

Grade 3 1200 850 7 167 340-420 4 20-23 E M M

AISI 1018 440 370 7.9 205 130-140 17-27 4 52 G+ P P

AISI 1026 490 415 7.9 190-210 143 15 51.9 G+ P P

AISI 4130 655 460 7.9 190-210 197-217 21.5 42.6 G+ P P

SS Grade 304 515 205 8 193 201 40 5 16.2 G+ P M

SS Grade 301 620 276 7.8 193 200 40 16.2 G+ P M

SS Grade 430 500 240 7.8 200 200 20 23.9 G+ P M



6. Comparison between IITD handpiece and Imported Handpiece 

 

 

Figure 6Heiniger Icon FX Handpiece 

 

Following points have been observed in comparison of design of IITD handpiece 

and Heiniger Icon FX handpiece: 

1. Fork Safety screw installed in the barrel, it is used to hold the fork in place in case of the 

failure of tension pin. 

2. Ball Bearing between Crank Shaft and Crank Bush to reduce heat due to friction. 

3. Distance Washer between Crank Shaft and Ball Bearing to avoid contact between both of 

them. 

4. Spring Washer between Ball Bearing and Crank Bush to avoid loosening due to vibrations. 

5. Ball Bearing between Crank Shaft and Inner Joint to reduce heat due to friction. 

6. Ball Bearing between End Drive Shaft and Outer Joint to reduce heat due to friction. 
7. 13 teeth Comb and 4 teeth cutter is being used for efficiently cutting the woolen fleece. 

 

 

 

 



6. Use of a Post Guide to set the fulcrum post 

• Set a freshly ground comb and cutter. 

• Apply normal tension to cutter.  

• Move the cutter until the ball is at the bottom of the fork and the cutter is in the middle 

of the comb.  

• Loosen the Fulcrum post lock nut.  

• Insert the Post Guide (Fig 7) in the hole and sit the first ledge on the fork at the front of 

the sliding ball. 

• Making sure at all times that you have a cutting tension on the cutter, adjust the 

Fulcrum post up or down until the second ledge sits on the front of the machine surface 

around the oil hole.  

• Lock the centre post lock nut and recheck making sure that both ledges remain seated. 

• When correctly set it will be as per Fig 9. 

• The post has a notch in the bottom around from the screwdriver slot (Fig 8). Use this 

notch as a setting mark and once you have the handpiece cutting well remember or 

write down where this mark is, this will enable you to reset the post to the original 

position should the need arise. 

                  

                     



7. Improvement of Comb and Cutter 

Observation: 

• Before grinding the comb used to shear 6-7 Sheep on an average. 

• But after first grinding the comb used to shear only 3-4 Sheep on an average. 

Therefore,heat treatment process parameters and grinding parameters of Comb and Cutter 
were studied to look for possible flaws. 

 

7.1Heat Treatment Process Parameters 

Table 2: Comparison of Heat treatment parameters by different manufacturers 

 

Pre- 
heating 
temp(°C
) 

Soaking 
time 

Hardening 
Temp(°C) 

Soaking 
time 

Quenching 
Temp(°C) 

Temperin
g 
Temp(°C) 

Soaking 
time 

IITD 650 
0.5 hr 

1010 1 hr  65 515 (1st) 2 

     upto 6 bars 480(2nd) 2 

        

TPP 
600-
815 

till 
equaliz
ation 980-1050 

15 min 
for small 
tool  65-90 

204-
540(1st) 

2(mini
mum) 

    

45 min 
for large 
tools upto 6 bars nil  2 

        

Industeel 750 

0.5 
hr/25m
m 

1020/1050
(best) 1 hr/Inch nil 500 above  2 

    

1min/m
m  nil 2 

        

SpeedyM
etals 

730-
790 

till 
equaliz
ation 985-1010 

20-45 
min 65-51 510(best) 2 

    

10+1min
/mm upto 6 bars 

480-
515(Secon
dary) 2 

 

 



Conclusion: 

Soaking time at hardening temperature should be around 15-30 minutes. 

7.2 Grinding Parameters of Comb and Cutter. 

The surface grinding of AISI D2 steel under Dry, Wet, and minimum quantity lubrication (MQL) 
conditions are compared. 

• In Dry grinding process, no liquid is used. 

• In Wet grinding process, coolant/lubrication @~8L/min is  delivered to the system. 

• In MQL, the fluid (Accu-Lube 6000) is delivered in extremely small quantity (10,000 
times less than conventional cooling) @~100-250 mL/h. 

 

The comparison was confined within three responses: 

1. Normal force 

2. Surface temperature 

3. Surface quality 

For deeper insight, the surface morphology of MQL-assisted ground surface wasalso analysed. 

 

 

 

 

 

 

 

 

 

 

 

 



1. Normal Forces 

The cutting forces largely influence the performance of grindingprocess. Larger forces in 

grinding leads to dullness of abrasive grits, premature breakage of grains and side flow of 

materials. 

 

 

 

Result: 

• It can be observed that, a reduction of 37.86 to 79.26% in normal forces was found for 

MQL grinding. 

• However, a reduction of only 22.33 to 57.27% in forces was achieved for wet grinding. 

• It can be concluded from the results that the MQL environment generates less force than 

the dry and wet environment.  

 

 

 



2.  Surface Temperature: 

Temperature is produced due to the interaction of the grinding wheel with the workpiece. 

Higher temperature usually results for thermal damages on the ground surface, such as 

residual stress, oxidation, and burning.  

 

 

 

Result: 

• The temperature reduction in wet grinding is between 65.83% and 72.44%. 

• The temperature reduction in MQL grinding is between 55.18% and 67.4%. 

•  It is noticed that the temperature achieved in MQL environment is much lower than dry 

and close to the wet temperature 

 

 

 

 



3.   Surface Roughness 

The surface finish largely influences the dimensional accuracy, sharpness, and product life. 

 

 

 

Result: 

• Wet grinding resulted in a 42-69.7% reduction in surface roughness. 

• Whereas MQL grinding was able to reduce roughness by 32-66.1% when compared 

with the dry grinding process 

• From these results, it can be concluded that, MQL provides better resultsthan dry and 

almost similar results with wet conditions. 

 

 

 

 



7.3 Surface Morphology Image of AISI D2 steel by AFM without using Nanofluids 

 

 

 

• The image (Fig. 13,14) shows that without using carbon nano tube based nanofluids, a 

non-uniform surface image is obtained. 

• The darker contrast corresponds to the lower areas of the surface, and the brighter 

corresponds to the higher areas of the surface.  

• The machined surface exhibited a deeper crack or void and more pronounced defects. 

• Surface Roughness of o.3 µm and 0.49 µm is obtained. 

 

 

 

 

 



7.4 Surface Morphology Image of AISI D2 steel by AFM using Nanofluids 

 

 

 

• The Carbon nano tube based nanofluids were prepared by dispersing 2 grams of 

MWCNTs into the SAE20W40 oil base fluid (1000 ml).  

•  The image (Fig. 15,16) shows that, by using nanofluid, a uniform surface image is 

obtained 

• And surface roughness of 0.13 µm and 0.2 µm are obtained. 

• The surface characteristics have minor hillocks and valleys, and lesser defects.  

 

 

 

 



Results: 

Due to excellent thermal and mechanical property of Accu-Lube and nanofluids we have 

observed following results: 

• The surface damage such as micro-voids and micro-cracks has been reduced.  

• The surface roughness values achieved in Wet and MQL conditions are comparable, and 

much less thandry grinding. 

• The thermal damages on the ground surface also have been reduced in wet and MQL 

conditions. 

• MQL is recommended due it economic and clean production perspective. 

 

Availability: 

• Accu Lube 6000/4600 is available at desertcart.in  

• It costsaround Rs. 10-11 thousand for 1 Gallon. 

 

 

8. Conclusion 

During this internship, we have found that the dominancy of weight of the whole 
machine is mainly the motor, grinder, and handpiece. The motor is a standard part. 
However, there can be improvements in grinder design to further reduce the weight.  
We have studied flexible shaft,  and it can be concluded that we can choose a core of 
nominal diameter 7mm which is found suitable for the torque and speed transmission 
values and will also help in reducing the weight of the flexible shaft. We have observed 
that for our given budget CS 45 i.e. Medium Carbon Spring Steel is the best material that 
we can use. We have studied the design of handpiece for possible improvements, out of 
which we have found thatSG 450-22materialhave the best overall features and it has all 
the required properties for the barrel. Some improvements for reduction in heat 
emission if the device can also be made such as incorporation of oil seals and ball 
bearings. For the improvement in comb and cutter’s performance, it was observed that 
the soaking time of these items must be reduced and AccuLube 6000/4600 MQL can be 
used during grinding for better surface finish and lesser distortion in the structure due 
to heat produced during grinding.  
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