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Abstract 
 

This paper presents the design analysis of Tulsi Mala Bead Making Machine (TMBMM) which runs 

on 100-Watt AC motor. Based on testing and feedback from the field, design modifications have been 

carried out to overcome the shortcomings of existing design under development. To achieve required 

wood turning operating speed, speed reduction concept using timing belt pulley mechanism has been 

designed. This report also explains design modifications for motor housing, motor housing translation, 

uninterruptable power supply (UPS) to the device and safety considerations. Failure Mode and Effect 

Analysis (FMEA) of the device has been carried out in order to understand risk priority and minimize 

device failure. Suitable changes which are brought on are being systematically explained and the 

designing as well as selection of various components are also discussed. 

Keywords: Tulsi Mala, AC motor, FMEA, UPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 Introduction 

1.1 Background 

Tulsi mala is a string made of Tulsi beads which is very sacred in Hindu belief. The mala 

usually contains 108 beads which are used to keep the count while reciting a mantra so that one 

can focus on sound and meaning of mantra rather than counting the repetition. For long time 

Tulsi mala bead making has been one of the main occupations of the people living in the Brij 

area around Mathura, Brindavan, and Bharatpur. Especially, in Jait village near Mathura, 

around 2000 families are involved in this occupation. 

The artisans use traditional hand-operated Lathe like device made of wood to make beads where 

the sitting posture is not ergonomically suitable and is rigorous. So, to help the artisans by 

eliminating human power and reduce drudgery, RuTAG IIT Delhi developed a Tulsi Mala Bead 

Making Device. This developed machine was powered by 100 Watt AC Motor. But, during its 

real life operation some limitations and problems were identified, which are discussed below. 

1.2 Problem Statement and Challenges 

Problems identified from testing and feedback: 

i. The developed machine was producing a lot of sound and vibration, which was bit 

annoying to the artisans. 

ii. The speed of the rotation of the spindle was very high (5000 – 10000rpm) than required 

thus the operation was uncontrolled and fear factor was involved. High speed might be 

the reason for burning the bead at the contact of stem with tool post. 

iii. There was also a safety issue that during operation the Tulsi stem fly off from the stem 

holder.  

iv. There is a problem of continuous power supply due to frequent power-cut in villages. 

This leads to discontinuity in work. 

v. There is also a problem of not having proper control over the speed of the AC motor, 

without proper speed control the beads which are made are of undesirable and irregular 

shape. 

 

So, RuTAG IIT Delhi has taken up the task to overcome all the above mentioned shortcomings.  

1.3 Objectives 

The main objective of this project was to improve the existing model of the Tulsi Mala Bead 

Making Machine (TMBMM) so as to minimize the above mentioned problems keeping in mind 



that the cost of the model falls within an affordable range. The objectives of this project can be 

stated as – 

i. Reduction of operating speed of cutting to recommended range (1500 – 3000 rpm). 

ii. Reduce the amplitude of vibration and sound. 

iii. Ensure the safety of the artisans and others during operation. 

iv. Introduce an Uninterruptable Power Supply (UPS) unit in the machine. 

v. Define a supply chain for the TMBMM. 

vi. Conduct Failure Mode and Effect Analysis (FMEA) of the newly developed machine 

to minimize risk of failure. 

vii. Calculate life cycle cost of the device. 

viii. Designing a suitable UPS for the system. 

ix. Introducing a proper speed control unit to the system. 

1.4 Methodology for Solving problems 

Methodology used to achieve the above objective: 

i. Finalize concepts through selection and evaluation to meet above mentioned 

objectives. 

ii. Detailed design analysis of selected concept. 

iii. Preferring use of standard parts than new design. 

iv. Performing device FMEA. 

v. Creating CAD model of the developed TMBMM using CAD software. 

vi. Creating drawing of parts and assembly. 

vii. Preparing a Bill of Materials of the device. 

viii. Supply chain and life cycle cost analysis. 

ix. Analysis for UPS selection  

x. Analysis for speed regulator selection. 

 

 

 

  



2 Literature review 
RuTAG IIT Delhi has developed a DC powered TMBMM. But its application is limited to cutting beads 

upto size 10mm. In this project we have studied the previous TMBMM and the problems faced while 

using it for practical purposes and tried to mitigate the problems as much as possible.  

It was mentioned that the previous setup produced a lot of sound and vibration while operation and the 

unwanted noise is very annoying and disturbing for the artisans. Due to this they face problem in 

concentrating in their work. The 100 watt AC powered device has linear bearing guide rail assembly 

for motor translation. This could be an over design selection and thus could be increasing the overall 

cost of the device. 

Failure Mode and Effect Analysis (FMEA) knowledge has been gained by the design team to perform 

FMEA of the device. It help the design team in determining all possible failure modes and respective 

effects on design. It helps to finds and corrects the weakness of design before delivery to hands of the 

customer.  

Literature review on supply chain and life cycle cost analysis has been conducted. A supply chain is a 

network between a company and its suppliers to produce and distribute a specific product to the final 

buyer. Supply chain must be identified and defined in  each and every steps from procurement of raw 

material to final product delivery to the customer.. Life cycle costing gives us idea about the total cost 

including pre-production cost and post-production cost of the product. So it necessary to analyse and 

control the cash flows for the project and product.  

In the villages there is a problem of continuous power due to frequent power cut. So, the concept and 

technology for UPS have been studied to recommend feasible and affordable solution. Principle of 

working of AC and DC motor has also been studied. In addition to that we have also seen that we do 

not have proper control over the speed of the motor, due to this the beads which are prepared may be 

of undesirable shape and size. 

 

 

 

 

 

 

 



3 Design of TMBMM 
In this section design calculation and selection of required components are discussed. Here, the concept 

of speed reduction, selection of motor, pulley and belt selection, linear bearing and guide selection are 

discussed. Design analysis has been carried out to define the size of components as per the loading 

conditions.   

3.1 Design of speed reduction Concept 

 In mechanical engineering, there are many ways of speed reduction like belt drive, chain drive and gear 

drive. The existing speed reduction concepts have been evaluated based on cost, Reliability, 

Manufacturing and availability, maintenance and space (as shown in Table 3- 1). Belt drive was selected 

for speed reduction. 

Table 3-1  Decision matrix for selection of speed reduction concept 

Decision Matrix 

SL. 

NO. SUBJECT   BELT DRIVE CHAIN DRIVE GEAR DRIVE 

1 Cost 0.4 5 2 4 1.6 3 1.2 

2 Reliability 0.25 2 0.5 3 0.75 5 1.25 

3 

Manufacturing and 

Availability 0.2 5 1 4 0.8 3 0.6 

4 Maintenance 0.1 4 0.4 2 0.2 5 0.5 

6 Space 0.05 3 0.15 3 0.15 5 0.25 

  TOTAL 1   4.05   3.5   3.8 

 

Design analysis has been carried out to define sizes of belt and pulley. The required inputs has been 

shown in table 3- 2. 

 

 

 

 

 

 

 



Table 3-2 Table of input data required to design belt drive 

INPUT 

Velocity ratio 5 4 3   

Parameter Nomenclature Value Unit 

Output power P 50 w 

Input speed n 7500 rpm 

Output speed N 1500 1875 2500 rpm 

Input pulley diameter d 8 mm 

Belt Polyamide A-4 belt is selected 

Coefficient of friction f 0.8   

Belt width b 6 mm 

Belt thickness t 5 mm 

Specific weight ϒ 10.6 KN/m3 

Load correction factor Ks 1.2   

Arc of contact factor Fd 1.22   

Factor of safety nd 1   

Allowable tension per unit width Fa 30000 N/m 

Pulley correction factor Cp 1   

Velocity correction factor Cv 1   

 

Human hand power on cranking is taken is 54 watts (Jansen, Slob, 2003) for calculation. It was 

discussed among the team to keep the speed ratio 1: 5 to 1: 4.To starting the calculation the belt input 

and output pulley centre distance was 50 mm. Table 3-3 shows the output data. 

Steps for calculation: 

a. Output pulley diameter (D) = 
𝑛

𝑁
∗ 𝑑 

b. Centre distance (C) is taken as 50mm. 

c. Length of the belt (L) = 
π

2
∗ (D + d) + (2 ∗ C) +

(D−d)2

(4∗C)
 

d. Belt speed = 
π∗d∗n

60
 

e. Contact angle for input pulley (θd) = π – 2*sin−1 (D−d)

(2∗C)
 

f. Calculate  ef∗θd 

g. Density of belt (ρ) = 
γ∗103

9.81
 

h. Mass per unit length of the belt (m) = ρ * 
b

103 * 
t

103 

i. Centrifugal tension (FC) = m * (
V

103)
2
 

j. Maximum power (Pmax) = P*Ks*nd 



k. Design power (Pdes) = Fd * Pmax 

l. Torque (T) = 
Pmax
2∗π∗n

60

 

m. F1a – F2 = 
(2∗T)

d

103

 

n. Allowable largest belt tension (F1a) = 
b

103 * Fa * CP * CV 

o. Allowable slack side tension (F2) = F1a – (F1a – F2) 

p. Allowable initial tension (Fi) = 
F1a+F2

2
− FC 

q. Friction factor (f΄) = 
1

θd
∗ ln

F1a− FC

F2− FC
 

r. Contact angle for output pulley (θD) = π + 2 ∗ sin−1 D−d

2∗c
 

s. Tight side tension (T1) = (m ∗ (
V

103)
2

) +
Pmax

V

103

∗ [1 −
1

1−ef∗θd
] 

t. Slack side tension (T2) = (m ∗ (
V

103)
2

) −
Pmax

V

103∗(1−ef∗θd)
 

u. Checking T1<F1a  and  T2<F2 

 

 

Table 3-3    Table of output data of the design of belt drive 

OUTPUT 

Velocity ratio 5 4 3   

Parameter Nomenclature Value Unit 

Output pulley diameter D 40 32 24 mm 

Design power Pdes 73.2000 w 

 

Output table (Table 3-3) gives output pulley diameter and design power i.e. input power required for 

the machine. We found two motors which meet our requirements. So, we took the help of decision 

matrix (Table 3-4) to select the best one. 100watt, 7500 rpm AC motor, make: USHA is the closest 

available motor that suits the power requirement. 

. 

 

 

 

 

 



Table 3-4      Decision Matrix for Motor 

DECISION MATRIX FOR MOTOR 
      

PRODUCT 1 (USHA 
S.M.) 

PRODUCT 2 
(ROBODO M119) 

SL 
NO. SUBJECT WEIGHTAGE RATING* POINT RATING* POINT 

1 COST 0.35 5 1.75 3.2 1.12 
2 RELIABILITY 0.2 5 1 3 0.6 

3 AVAILABILITY 0.15 4 0.6 5 0.75 
4 MAINTAINANCE 0.15 4 0.6 3 0.45 

5 
WEIGHT AND 

SPACE 0.15 4 0.6 4 0.6 
              

  TOTAL 1   4.55   3.52 
              

*RATING IN A 5 POINT SCALE 
 

3.1.1 Selection of pulley and belt 

For the speed reduction we have selected belt drives. There are different types of belt drives like flat 

belts, v- belts, timing belts etc. Among this we have selected timing belts because of its easy availability 

for the size requirement, no slip problem and virtually no elongation (stretching) due to wear. 

Among various standards of timing belt, we have selected the HTD 3M timing belt. 

Table 3-5 Selection of Standard Belt and Pulley 

INPUT 
   

 
Speed Ratio 1/4 

 

 
Centre Distance 50 cm 

 
    
SELECTION 

   

 
Component Size Standard 

 
Small Pulley 10 Teeth 10-3m-09 HTD  

 
Large Pulley 40 Teeth 40-3m-09 HTD 

 
Belt 180 mm HTD 180 – 3m  

    
*all the components are selected for 9 mm belt width 

 



During the protype making we faced some problems with the 10 teeth smaller pulley (10-3m-09 HTD). 

• The 10 teeth HTD 3m pulley is not readily available in the market. 

• The shaft size of the motor we are using is 6.3mm. So, the bore of the pulley should be 6.3mm. 

But the pitch circle dia of 10-3m-09 HTD pulley is 9.55 mm. So, it is not possible to make a 

bore of 63mm in the pulley. Then, have to attach a coupler shaft for the assembly of pulley and 

motor which is more complicated and cost will be more. 

Due to these problems, we changed the small pulley from 10 teeth to 14 teeth pulley (14-3m-09 

HTD). Accordingly, to keep the speed ratio 1:4 we changed the large pulley from 40 teeth to 56 

teeth (56-3m-09 HTD). 

But due to the increase of the teeth in the large pulley, the size of the pulley also increases results 

into the increase in the height of the  whole machine. So, we tried to reduce the centre distance and 

finally select the centre distance of 47 mm. With this new centre distance and new pulleys we 

calculate the required belt length as 207.7 mm and selected the nearest available belt. 

Table 3-6 Finally selected Standard Belt and Pulley 

INPUT 
   

 
Speed Ratio 1/4 

 

 
Centre Distance 47 cm 

 
    
SELECTION 

   

 
Component Size Standard 

 
Small Pulley 14 Teeth 14-3m-09 HTD  

 
Large Pulley 56 Teeth 56-3m-09 HTD 

 
Belt 207 mm HTD 207 – 3m  

    
*all the components are selected for 9 mm belt width 

 

A pulley shaft is attached with the output pulley to transmit power with reduction. From experiments 

and testing on the prototype 12 mm dia has been selected as the shaft diameter. 

 

 

 

 



3.2 Selection of Linear guide 

Linear Guide provides smooth linear movement of the motor-pulley sub-assembly to feed the Tulsi 

stem continuously in the tail stock. As the shape of a Tulsi stem is not uniform throughout its length, 

an unbalance is created during the rotation of the motor shaft which generates vibration and noise. So, 

there is requirement of selection of proper linear guide and block assembly. 

We found 3 – 4 different types of linear guide rail and liner block combination available in the market 

which could serve our above mentioned purpose. Some of the linear guide rail and block combination 

are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To select the most suitable one from this different solution, we took the help of Decision Matrix (Table 

3-7).  

Figure 3-1: SGR 15 Linear Guide Rail and Slide 

Block [6] 

Figure 3-2: SBR 12 Linear Rail Shaft Rod With 

SBR12UU Block [7] 

Figure 3-4: MGN 15 Linear Rail Guide 

With MGN15H Linear Sliding Guide 

Block  [9] 

Figure 3-3: Optical Linear Rail Guide 

Support With Linear Bearing Blocks [8] 



 

 

 

 

 

 

 

 

 

Optical rail and bearing Block is the most appreciable solution.  

3.2.1 Design Calculation of Optical Rail 
The input data we take to design the optical rail is shown in the table (Table 3-8) below. 

Table 3-8 Input data required to design optical rail 

INPUT 

Parameter Nomenclature Value Unit 

Yield strength Syt 420 MPa 

Ultimate strength Sut 560 MPa 

Young's modulus E 200 GPa 

Factor of safety n 2.5   

Size factor Kb 0.9   

Loading factor Kc 1   

Temperature factor Kd 1   

Reliability factor Ke 1   

Miscellaneous factor Kf 0.5   

Tight tension T1 22.961 N 

Slack tension T2 3.8628 N 

Length of shaft L 400 mm 

Fatigue stress concentration factor 

for bending 
Kf 2.7   

 

Material property and some factors are taken and the calculation is made. The calculation gives the 

optical rail of 12 mm diameter and 400 mm length of it is taken. 

 

Table 3-7 Decision Matrix for Linear Bearing  



3.3 CAD model 

Here CAD model of TMBMM is shown (figure 3-6). Firstly the CAD model is made and all the joints, 

attachments, surface contact and interference in the model are checked.  The components and their 

functions are discussed in section 3.4.1. 

 

 

 

 

Figure 3- 5 CAD model of TMBMM 



3.3.1 Components and Functions 
The functions of the components of TMBMM are explained below. 

1. Base Plank: Supports machine and provides stability. 

2. Bump: Balances the machine & provides proper grip. 

3. Bracket: Supports tool post assembly. 

4. optical rail: provides linear motion to the motor housing. 

5. Linear bearing: Provides smooth linear motion. 

6. End stopper: Holds optical rail. 

7. Sandwitch Plate: To hold the motor and the speed reduction mechanism on the linear bearing. 

8. Motor: Supplies torque. 

9. Housing Front and back wall: hold the speed reduction mechanism and tension shaft. 

10. Ball bearing: Support output shaft for smooth power transmission. 

11. Output shaft: Supports in transmitting power from output pulley to spindle. 

12. Output pulley: Supports speed reduction. 

13. Input pulley: Supports speed reduction. 

14. Belt: Used to transmit power from input pulley to output pulley. 

15. Tension shaft and bearing: Helps in belt tightening. 

16. Stem holder: Used to grip Tulsi stem. 

17. Hand rest: Support hands in moving motor housing. Also act as insulator & avoids direct 

contact of hands with motor. 

18. Stud: Holds the hand rest. 

19. Cover sheet: Used to cover belt & pulley assembly. 

20. Connector socket plate: Connector is placed on it. 

21. Tail stock: Supports cutting operation. 

22. Pin: Traditional pin used to make the hole on the bead. 

23. Pin clamping plate: to clamp the pin properly on the tail stock. 

24. Sheet for tail stock: Supports the cutting tool. 

25. Double pin: Guide the housing walls alignment to maintain perpendicularity. 

 

 

 

 

 



3.4 Bill of Materials 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-6 Bill of Materials of TMBMM 



3.5 Prototype Design 
 

 

3.6 Conclusion 
 

Here we have discussed about the design of different parts of the TMBMM along with the selection of 

the standard parts. Selection of belt, pulley, motor and linear bearing are done by taking loads into 

consideration. The design calculation of output shaft and the optical rail is also shown here. Detailed 

CAD model of the machine has been prepared as per design requirements. We have also mentioned the 

function of every component. In, Bill of Materials we have classified all the components in 4 sub-

assemblies. The detailed drawing of the machine showing all the parts is also drawn. 

 

 

 

 

 

 

 

 

 

 



4 Failure Modes and Effects Analysis (FMEA) 

TMBMM 
 

Failure modes" means the ways, or modes, in which something might fail."Effects analysis" refers to 

studying the consequences of that failures.We conducted Failure Mode and Effect Analysis (FMEA) to 

eliminate or reduce different failure modes of TMBMM starting with the highest-priority ones. FMEA 

also documents current knowledge and actions about the risks of failure, for use in continuous 

improvement. FMEA is used during design to prevent failures and for further improvement. 

4.1 FMEA Procedure 

Steps to follow during the process of FMEA- 

1. Determine the ways in which the component/input may fail (failure mode). 

2. Select a severity level for each effect. 

3. Select an occurrence level for each cause 

4. Select a detection level for each cause 

5. Calculate the Risk Priority Number (RPN) 

6. Give priority to high RPNs 

7. Assign the predicted severity, occurrence, and detection levels and compare RPNs 

8. Recommend possible action against failure modes with high RPN and recalculate RPN. 

9. Continue the process until getting satisfactory RPN. 

 

4.2 FMEA Process 
To conduct FMEA, system must be broken down to sub-system, sub-sub system, assemblies, 

subassemblies and components respectively. Then the following process should be followed 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Rating Scale 
There are a wide variety of scoring “anchors”, both quantitative and qualitative. Two types of scales are 

there. The 1-5 scale makes it easier for the teams to decide on score. The 1-10 scale may allow for better 

precision in estimates and a wide variation in scores. 1-10 Scale is most commonly used. 

4.3.1 Severity 

Severity means it’s (component) importance of the effect on customer requirements. The rating scale 

of severity is given bellow 

Table 4-1 Severity Scale [10] 

Severity Scale 

Effect Criteria: Severity of Effect Ranking 

Hazardous - Without 

Warning 

May expose client to loss, harm or major 

disruption - failure will occur without 

warning 

10 

Figure 4-1 FMEA process 



Hazardous - With Warning May expose client to loss, harm or major 

disruption - 

failure will occur with warning 

09 

Very High Major disruption of service involving 

client interaction, resulting in either 

associate re-work or inconvenience to 

client 

08 

High Minor disruption of service involving 

client interaction and resulting in either 

associate re-work or inconvenience to 

clients 

07 

Moderate Major disruption of service not 

involving client interaction and resulting 

in either associate re-work or 

inconvenience to clients 

06 

Low Minor disruption of service not 

involving client interaction and resulting 

in either associate re-work or 

inconvenience to clients 

05 

Very Low Minor disruption of service involving 

client interaction that does not result in 

either associate re-work or 

inconvenience to clients 

04 

Minor Minor disruption of service not 

involving client interaction and does not 

result in either associate re-work or 

inconvenience to clients 

03 

Very Minor No disruption of service noticed by the 

client in any capacity and does not result 

in either associate re-work or 

inconvenience to clients 

02 

None No Effect 01 

 



4.3.2 Occurrence 

Frequency with which a given cause occurs and creates failure modes is known as occurrence. Based 

on frequency rating scale of occurrence is given below 

Table 4 -2   Occurrence scale [10] 

Occurrence scale 

Probability of Failure Time Period 
Per Item 

Failure Rates 
Ranking 

Very High: Failure is almost inevitable 
More than once per day >= 1 in 2 10 

Once every 3-4 days 1 in 3 09 

High: Generally associated with processes 

similar to previous processes that have 

often failed 

Once every week 1 in 8 08 

Once every month 1in 20 07 

Moderate: Generally associated with 

processes similar to previous processes 

which have experienced occasional 

failures, but not in major proportions 

Once every 3 months 1 in 80 06 

Once every 6 months 1 in 400 05 

Once a year 1 in 800 04 

Low: Isolated failures associated with 

similar processes 
Once every 1 - 3 years 1 in 1,500 03 

Very Low: Only isolated failures 

associated with almost identical 

processes 

Once every 3 - 6 years 1 in 3,000 02 

Remote: Failure is unlikely.  No failures 

associated with almost identical 

processes 

Once Every 7+ Years 1 in 6000 01 

 

 

 

 

 

 

 



4.3.3 Detection 

Detection is the ability of the current control scheme to detect or prevent a given cause. The rating scale 

for detection is given below 

Table 4-3 Detection Scale [10] 

Detection 

Criteria: Likelihood the existence of a defect will be 

detected by process controls before next or 

subsequent process, -OR- before exposure to a client 

Ranking 

Almost Impossible No known controls available to detect failure mode 10 

Very Remote 
Very remote likelihood current controls will  

detect failure mode 
09 

Remote 
Remote likelihood current controls will  

detect failure mode 
08 

Very Low 
Very low likelihood current controls will  

detect failure mode 
07 

Low Low likelihood current controls will detect failure mode 06 

Moderate 
Moderate likelihood current controls will  

detect failure mode 
05 

Moderately High 
Moderately high likelihood current controls will  

detect failure mode 
04 

High High likelihood current controls will detect failure mode 03 

Very High 
Very high likelihood current controls will  

detect failure mode 
02 

Almost Certain 

Current controls almost certain to detect the failure mode.  

Reliable detection controls are known  

with similar processes. 

01 

 

4.3.4 Risk Priority Number (RPN) 

Risk Priority Number (RPN) is a measure used when assessing risk to help 

identify critical failure modes associated with your design or process. The RPN 

values range from 1 (absolute best) to 1000 (absolute worst). RPN is the simple multiplication of 

severity occurrence and detection. 



4.4 Discussion 

FMEA of all the components of the device has been carried out by discussing with the team members. 

We have selected the components having RPN number more than 100 as critical component. Then we 

have done our analysis and modified the critical components to overcome the failure mode as possible. 

After this we have updated the FMEA sheet with the new values of severity, occurrence and detection 

and calculate the new RPN number of the components. Here we see that after the modifications, there 

are still two components having RPN more than 100. In the table (Table 4-4) below we have discussed 

about this two critical components. 

Table 4-4 Critical Components 

Component 
Potential 
Failure 
Mode 

RPN Discussion 

Belt 
Tensioning 

failure 
224 

We can change the belt very easily 
with a very low cost. 

Pin 

Bending 168 Traditional pin which is used by the 
artisans can be made very easily in 
their locality within a very low cost. 

So, it will not be a problem Breaking 504 

 

  



5 Supply chain and product life cycle costing 
Supply chain and life cycle cost analysis are  very important part of any project which gives the idea 

about the profitability and investment planning of the project and an idea about all the stages to 

manufacture the final product and sell it in market. It also gives the idea about the cost at each stage of 

the product development and distribution. 

5.1 Supply chain 

A supply chain is a sequence of processes and flows that takes place within and between different stages 

and combine to full fill customer needs for a product. There are mainly 5 stages in supply chain, 

suppliers, manufacturers, whole sellers, retailers and customers. Customers are in the stage 1 and the 

suppliers in the stage 5. 

In a supply chain the flow of product is from the suppliers end to the customers end and the flow of 

money is in the opposite direction. Flow of information can happen in both directions. 

Supply Chain Surplus: It is the difference between the value to the customer and total supply chain 

costs.  

Value to the customer means the highest value a customer is willing to pay for a product. 

5.2 Time value of money:- 

According to the time value of money, that money available at the present time is worth more than the 

same amount in the future due to its potential earning capacity. 

That means if we have 100 rupees today and 100 rupees in future, then 100 rupees today is more 

valuable. 

                                       PV=
𝐹𝑉

(1+𝑟)𝑛
…………….. (equation 1) 

 Equation 1 shows the relation between present value and future value of money. 

where, 

PV= Present Value 

FV= Future Value (money to be received in the future) 

r = Discount Rate 

n= number of periods until FV is received 



5.3 Net Present Value 

It is the difference between the present value of cash inflows and the present value of cash outflows 

over a period of time. It is use to analyse the profitability of an investment or project. 

Discount Rate: It refers to the interest rate used in a discounted cash flow (DCF) analysis to determine 

the present value of future cash flows. 

As we are investing our money time and hard work in the project so we will want a particular interest 

on that investment which is the discount rate.  

Now we have taken an example (Figure 5-5-1) of a period of 5 year where in the year 0 we are investing 

10 lakh rupees and we are getting cash inflows of this (showing on the figure) amounts in the subsequent 

years. 

 

 

Figure 5-1: Net Present Value Example 

So the total cash inflow is 15 lakh. Now we calculating the total present value of this cash inflows taking 

a discount rate of 12% which results to 10 lakh 6 thousand 2 hundred and 37. So if we subtract the total 

present value of the cash outflow i.e. 10 lakh from this, we will get  net present value which is positive 

. 

If for a discount rate, the net present value is positive then the project is acceptable otherwise rejected. 

The discount rate at which NPV of a project becomes zero is known as the Internal Rate Of Return . 

5.4 Product life cycle 

Itis the process a product goes through from when it is first introduced into the market until it is removed 

from the market. 



It has four stages – Introduction, growth, maturity, and decline. (Figure 5-2) 

• First stage is the introduction stage, where a new product is just introduced to the market. Sell 

is very less and high promotion is needed to aware the customers about the product. 

• Next is the growth phase where the sales of the product increases, but competitors also enter 

to the market. 

• In the maturity stage the sales increase but at a decreasing rate. We can reduce the promotion 

of the product. Market competition is very high. 

• Decline stage is the last stage where sales is very less ,no promotion , better and less costly 

products are available in market 

 

5.5 Product Life Cycle Costing 

It is the process of compiling all costs that the owner of an asset will incur over its lifespan. It includes 

both the pre-production costs and the post production costs.  

Post production cost means the costs in the different stages of its life cycle. Whereas there are costs 

before its production period like r &d costs, design costs etc. These costs includes in the pre-production 

costs. 

In the graph (Figure 5-3) the red line is showing the sales revenue. In the pre-production period no 

revenue generates which is clearly shown in the graph. 

We also know that the profit = revenue- costs 

So the blue line is showing the profit. 

As in the development period no revenue is there, so the profit is negative. From the introduction to the 

middle of growth period the total cost is greater than the revenue generated. But after that the company 

will get profit which will increase till the maturity period. After that profit will be there but in a 

decreasing manner. 

Figure 5-2: Product Life Cycle [11] 



 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5-3: Product Life Cycle Costing [12] 



5.6 Supply Chain for TMBMM 

We have designed a model of Supply Chain (Table 5-1) for our Tulsi Mala Bead Making Machine. 

 

 

 

 

 

 

 

 

 

 

Table 5-1 Supply Chain For Tulsi Mala Bead Making Machine  

 



5.7 Prototype Fabrication Cost 

Table 5-2 is showing the approximate cost for the fabrication of the Prototype of the TMBMM. 

Table 5-2 Prototype Fabrication Cost 

 

5.8 Conclusion 
This chapter has discussed tentative supply chain of TMBMM. The approximate cost of protype 

fabrication is calculated to be approximately Rs 12362. 

PROTOTYPE FABRICATION COST  
  Standard part Specification Units 

Unit 
Price 

Price exc. 
Gst 

Price with 
GST 

 

1 Rail  MCS 12 g6  2 160 320 377.6  

2 Linear bearing SC 12 LUU 2 430 860 1014.8  

3 End support SK 12 2 90 180 212.4  

4 Bump As per drawing 4 5 20 23.6  

5 Motor USHA 100 watt AC motor 1 851.7 851.7 1005  

6 Ball Bearing M10  NSK JAPAN 3 150 450 531  

7 Pulley HTD 3M 14 HTD 3M  1 210 210 247.8  

8 Pulley HTD 3M 56  HTD 3M 1 535 535 631.3  

9 Timing belt 207 HTD 3M HTD 3M 1 50 50 59  

  Total cost (buy parts)       3476.7 4102.5  

       
 

       
 

  Make parts   Units 
Unit 
Price 

Price exc. 
Gst 

Price with 
GST 

 

1 Base plank 

MDF Action Tesa Boilo Baord 
with both side lamination, 

Thickness : 18mm 1   

7000 8260 

 

2 Bracket As per drawing 1    

3 Sandwich plate As per drawing 1    

4 Housing front wall As per drawing 1    

5 Housing back wall As per drawing 1    

6 shaft_spindle As per drawing 1    

7 Tension shaft  As per drawing 1    

8 Stem holder As per drawing 1    

9 Tool post with pin As per drawing 1    

10 Pin Clamping plate As per drawing 2    

11 Hand rest As per drawing 1    

12 Connector socket plate As per discussion 1    

13 Belt pulley housing cover As per drawing 1    

  Total cost (make parts)       7000 8260  

               

  Total cost       10476.7 12362.5  

       
 



6 Uninterruptable Power Supply 
 

Although nowadays Tulsi Mala Beads are made by a machine which is powered by an electric motor, 

then also there are still problems of power-cuts in the villages near Mathura, Uttar Pradesh, Bharatpur, 

Rajasthan. So, the provision of Uninterruptable Power Supply (UPS) to the AC/DC motor has been a 

very important necessity for the artisans. 

Inverter circuit is one of the fundamental building blocks of UPS. Inverter is a circuit device which 

converts DC (Direct Current) voltage to AC (Alternating Current) voltage. Here inverter functions 

opposite to the action of a rectifier. Inverter takes DC voltage as input and Control and Feedback 

circuitry is used to adjust the final output which ultimately determines the speed of the motor under its 

mechanical load.[13] 

6.1 Working of the Inverter Circuit 

This section illustrates the working of the inverter circuit. The battery is connected to the to the inverter 

by a bypass switch and the battery gets charged by the charger which is connected to the supply voltage 

when there is no power-cut. Charger is basically a rectifier that converts the AC voltage to DC and it 

gets stored in the battery. Whenever there is a power cut, the appliance gets switched to the inverter and 

the battery gets connected to the inverter. The inverter converts the DC voltage stored in the battery to 

AC voltage and runs the AC appliance.[13] 

 

 

                                    Figure 6-1 Working of the inverter circuit [13] 

 



6.2 Ways of providing UPS: 

UPS (Uninterruptable Power Supply) are of three types: 

 
1. Online Double Conversion: In this UPS the battery always remains connected to the inverter, 

so that no power transfer switches are necessary. When power loss occurs, the rectifier simply 

drops out of the circuit and the batteries keep the power steady and unchanged. When power is 

restored, the rectifier resumes carrying most of the load and begins charging the batteries. 

2. Offline (Also known as standby or battery backup): This is the inverter circuit which works in 

the same principle as the normal inverter circuit. But the only difference is that the switching 

action here is done by mechanical means or manually unlike the previous one. 

3. Line-Interactive: It is like standby UPS but in addition has a multi-tap voltage autotransformer, 

it is the cheapest UPS available to us. Here only the switching action is done by the auto-

transformer.[13] 

 

6.3 Provision of UPS: 
There are mainly two possible ways of providing the UPS to the motor depending on whether 

it is AC or DC motor we are using :-- 

1) Using combination of DC Motor, battery, rectifier and micro-converter from DC to 

AC: Here the voltage supplied is rectified and part of it is given to the motor and other part 

is given to the battery for charging it. When power cut occurs the battery gets connected to 

the motor through the micro- converter and the battery DC power is converted to AC power. 

2) Using a combination of inverter, battery and AC motor: Here the AC voltage supplied 

gets fed to the motor and the other part is fed to the inverter which has a rectifier by default 

and it converts the AC to DC power and stores it in the battery inside the inverter. But 

although there is by default a battery present in the inverter but then also we use an additional 

battery source because of two reasons-- 

1. A battery present in the inverter has less capacity and cannot be used when heavy 

loads are to be handled. 

2. It increases the reliability of the inverter because if we use an inverter without an 

external battery then once the battery is destroyed inside the inverter then the whole 

setup or the inverter has to be replaced but with an external battery it can be used 

for a  longer period and more reliably by simply replacing the battery. 

An inverter which is available in the market fundamentally has four setup components by 

default:- 

 
1. Battery 



2. Static bypass switch 

3. Rectifier 

4. Inverter 

 
When a power cut occurs the inverter gets connected to the motor by a static bypass switch and 

through the inverter circuit the DC stored in the battery gets converted to AC which is in usable 

form for the AC motor.[13] 

 

 

6.4 Calculation of parameters of the inverter and battery: 

(Here we are considering 3 hours back-up time for the motor) 

 

6.4.1 Inverter Rating Calculation 
Capacity of the inverter is measured in Volt-Ampere (VA). Different inverters have different VA 

ratings which is chosen according to the wattage of the appliance. To convert Watt(W) into Volt-

Ampere (VA) we divide it by the power factor. Here the motor we are using in Tulsi Mala 

Machine is single-phase motor. 

We first calculate the power factor of the motor from the voltage , current rating and wattage. 

  For a single phase motor, 

   P(in Watts)=Vrms*Irms* cos θ 

Vrms=Rated voltage rating of the appliance 

Irms=Rated current rating of the appliance 

 cos θ=Power factor of the appliance  

 From the calculated value of the power factor the Volt-Ampere rating(V-A rating) of the 

appliance can be calculated. 

  VA Rating=(Power in watts)/cos θ 

Table 6-1:Calculation of the Volt-Ampere rating of the inverter used for the motor[14] 

Type 

of 

Motor 

Volatge 

Rating(

Volts) 

Current 

Rating(Ampere) 

Power of the 

Appliance(Watts) 

Power 

Factor 

Volt-

Ampere 

Rating of 

the 

appliance 
Single 
Phase 

220 0.5 100 0.90 110 



 

 

Required inverter capacity=110 VA 

 

 

6.4.2 Battery Rating Calculation: 

Capacity in ampere-hour=(Back-up time*load in watts*100)/(voltage of battery*number of 

batteries*efficiency(%)) 

 

Here the voltage of the battery is assumed to be 12 Volt and a single battery is used. Efficiency 

of the battery of the battery is usually in the range of (75-95)%. 

voltage of single battery is 12 Volt[14] 

                  Table 6-2:Calculation of ampere-hour rating of the inverter battery[14] 

S.No 
Efficiency of Battery 

(%) 

Battery Capacity 

(A-h) 

1 75 33.3 

2 85 29.4 

3 90 27.8 

4 95 26.3 

 

 Required battery capacity=26 - 34 A-h 

 Price of the Battery=Rs 5000-Rs 7000 

 [14] 

 

6.5 Conclusion 
In this chapter the solution for providing UPS to the motor is given where we use a combination 

of battery and an inverter. The calculation of capacity of the inverter in Volt-Ampere and 

capacity of the battery in Ampere-Hour has been explained in the Table 6-1 and Table 6-2 

respectively. Here for suiting the purpose an inverter with capacity between 110 Volt-Ampere 

rating is required. The capacity of the battery is 26-34  Amp-hr for providing three hours of 

continuous power supply to the motor. The price of the inverter is in between Rs 400-Rs 500. 

The price of the battery would be in the range of Rs 5000-Rs 7000. 



7 Speed Regulation of an AC Motor: 
The speed of the motor depends on the following factors:-- 

1. Frequency of the supply voltage: Speed of the motor is directly proportional to the frequency of 

the supply voltage.  

2. No of poles of the motor: Speaking in simplified terms the number of poles in the motor is the 

number of electromagnets present inside the motor.  

3. Supply Voltage: The speed of the motor depends on the supply voltage and by controlling the 

supply voltage to the motor the speed of the motor is regulated. This principle is the most 

commonly used for regulating the speed of the motor in fans.[15] 

7.1 Regulation of the Supply Voltage: 

1. Resistive or Rheostat Controlled (Used in olden days):  These are the regulators used back in 

old days. They are bulky and heats up at lower speeds. Here a variable resistor is connected in 

series with the fan. At full speed the resistance is zero. To decrease speed we increase the 

resistance by turning the knob. ( Usually by steps). This will cause some voltage drop across 

the resistor. So the fan terminals receive a reduced voltage. The fan will rotate at a lesser speed. 

The drawback is the power dissipation in the resistor i.e. to get reduced speed we are wasting 

some power into a resistor which causes heating and energy wastage. Due to this fan operating 

at full speed and lower speeds will be consuming almost same power. There will be heat sinks 

and openings on top to dissipate heat from resistors coils which makes the design bulky. 

Rheostats-controlled regulators are shown below along with the circuit diagram. 

 

Figure 7-1: Rheostat -controlled voltage regulators used in fans in olden days[15] 



 

Figure 7-2: Circuit Diagram of Rheostat-controlled voltage regulator[15] 

2. Capacitive Control (Used nowadays): The basic principle – voltage across a capacitor is given 

as Vc= Q/C where Q is the charge and C is the capacitance. According to this formula C ∝ 

1/Vc. (or voltage across capacitor is inversely proportional to the capacitance). 

Hence, if capacitance is increased then the voltage across the capacitor decreases allowing more 

voltage across the fan motor. Hence, if capacitance is increased, speed of the fan motor also 

increases. Capacitance is increased or decreased in a capacitive type regulator by connecting 

capacitors in different configurations. 

For example, consider a regulator that consists 3 capacitors of 1 μF, 2.2 μF and 3.1 μF. When 

the knob position is at 1, then only 2.2 μF capacitor gets connected into the circuit. For knob 

position 2, only 3.1 μF capacitor gets connected. For knob position 3, capacitors of 3.1 μF and 

1 μF in parallel configuration is connected so that equivalent capacitance becomes 3.1+1=4.1 

μF. For position 4, parallel configuration of 3.1 μF and 2.2 μF is connected. And for the 

maximum speed, no capacitor is connected in the circuit. 

 



  

Figure 7-3:Circuit Diagram of Capacitive-Controlled Voltage Regulator[15] 

 

3. Electronically regulated or controlled (Also used nowadays like in TRIAC and 

DIAC):  Resistor R1 is a variable resistor (potentiometer) which is attached to a knob. This 

knob controls the gate current of the TRIAC, through a circuit consisting of a DIAC and a 

capacitor (called as firing circuit). This gate current controls the current flowing through the 

TRIAC, consequently controlling the power fed to the motor of the fan. Thus, the speed of the 

motor (fan) is controlled. 

This type of regulator offers stepless speed control. They are expensive than resistive type 

regulators. One main drawback of this type of regulator is harmonic distortion, which causes 

fan motor to heat up and produce a humming noise. Also, active devices such as DIAC and 

TRIAC being susceptible to power supply transients, these regulators have high failure rate. 

[15] 



▪  
Figure 7-4:Electronically Controlled Voltage Regulator[15] 

 

Figure 7-5:Circuit Diagram of Electronically Controlled Voltage Regulator[15] 

 

7.2 Foot Pedal Speed Controller: 
A variable speed foot pedal is another name for a Foot Potentiometer. A variable speed foot pedal can 

control the speed of the device it is connected to based on the amount of pressure applied by the 

operator. To function correctly, a variable speed foot pedal will require a variable speed motor, the 



motor will move faster when more pressure is applied to the pedal and will move slower when less 

pressure is applied.  

 

Figure 7-6:Foot Pedal Speed Controller[16] 
When you press the pedal this plate pressed to both graphite pins. Graphite plates laying into rheostat 

are compressed. 

As a result, the electrical circuit closes and the electric motor of sewing machine starts to work. 

The more pedal is pressed then denser depressed the graphite plates together. As a result, the rheostat 

passes more the electric current and sewing machine begin to run quicker.[16] 

 

Figure 7-7:Foot Pedal Speed Controller after removing the outer covering of it [16] 



 

Figure 7-8:Foot Pedal Speed Controller showing the graphite plates in the rheostat[16] 
 

 

7.3 Conclusion 
Here we are using foot pedal speed controller for controlling the speed of the motor. Here we 

are controlling the voltage which is supplied to the motor to control the speed of the motor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 Conclusion 

8.1 Conclusions of the Project 
 

1. In the previously developed model, some problems were identified during testing. The 

improvement of Tulsi Mala Bead Making Machine has done by taking feedback from the artisans 

and the prototype testing results.  

2. A 100-Watt AC motor has been selected for powering the device. Timing belt pulley concept has 

been selected for speed reduction (ratio: 1:4). HTD 3M standard has been selected. 

3. Optical rail (diameter 12 mm) and linear bearing have been selected for the smooth linear movement 

of the motor.  

4. We have accommodated the traditional pin and tool post system in the machine which will be more 

acceptable for the artisans. 

5. As the speed of rotation of the stem has been decreased successfully so the chances of flying off of 

the stem has reduced. We have also used grub screw in the stem holder to hold the stem tightly as 

an additional safety purpose. 

6. With these modifications we have created CAD model of the device. 

7. A prototype of the machine has been fabricated and filed testing has been done on it. Reviews from 

the artisans has been taken care of and modifications has been done on that basis. 

8. Approximate cost of prototype fabrication is also analysed by taking the all the possible costs. The 

approximate cost of protype fabrication is calculated to be approximately Rs 12362.5. 

9. The supply chain includes all the make and buy parts of the machine with their raw materials and 

standards. Tentative suppliers, manufacturing and assembly units are also mentioned there. 

10. FMEA has been performed for the redesigned device. From this analysis we have identified the 

parts which can be improved, and risk of failure can be minimised. We have done the required 

changes of the critical components. 

11. An inverter and a battery is recommended for UPS. 

12. The rating of the inverter must be 110 VA and price is in between Rs 400-Rs 500. 

13. The rating of the battery must be 26-34 amp-hr.  The price is approximately Rs 5000 - 7000. 

8.2 Future work: 
  

1) Tolerance calculation for the production. 

2) Completely define supply chain and life cycle cost of the product. 

3) Calibration of the foot pedal speed controller and deciding the number of levels of speed controls 

required. 

4) Controlling the motor speed using VFD (Variable Frequency Drive) by which one can control the 

motor speed by changing the frequency of the supply voltage given the AC motor.   
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https://www.banggood.in/SBR12-600mm-Linear-Rail-Shaft-Rod-with-2-SBR12UU-Block-p-1053640.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpU8RHqNlLl-3KDBWDEbBdrIo9NkP2NSwA95wWTmsdtAMlevrGGP5ZMaArdrEALw_wcB&cur_warehouse=CN
https://www.banggood.in/SBR12-600mm-Linear-Rail-Shaft-Rod-with-2-SBR12UU-Block-p-1053640.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpU8RHqNlLl-3KDBWDEbBdrIo9NkP2NSwA95wWTmsdtAMlevrGGP5ZMaArdrEALw_wcB&cur_warehouse=CN
https://www.banggood.in/SBR12-600mm-Linear-Rail-Shaft-Rod-with-2-SBR12UU-Block-p-1053640.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpU8RHqNlLl-3KDBWDEbBdrIo9NkP2NSwA95wWTmsdtAMlevrGGP5ZMaArdrEALw_wcB&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-SCS8UUSK8-8mm-Shaft-200-1000mm-Length-Optical-Linear-Rail-Guide-Support-CNC-Set-p-1528781.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpXEM3kXNq_MORcyfA-WkTMbI_VtatUclMk45719FuDsOkXejBwxuGUaAjxbEALw_wcB&ID=515973&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.banggood.in/Machifit-MGN15-100-1000mm-Linear-Rail-Guide-with-MGN15H-Linear-Sliding-Guide-Block-CNC-Parts-p-1652563.html?gmcCountry=IN&currency=INR&createTmp=1&utm_source=googleshopping&utm_medium=cpc_bgs&utm_content=lijing&utm_campaign=pla-ing-tool-pc-0309&ad_id=424381996508&gclid=Cj0KCQjw0Mb3BRCaARIsAPSNGpVJNaPsOm5d-A10Ue7CNGvAeYUvdQnGE2K375Snb1LT__2Sza7wjMAaAmyOEALw_wcB&ID=49639&cur_warehouse=CN
https://www.fmea-fmeca.com/fmea-hydrogen-fuel-cell-vehicles.pdf
https://www.ausmed.co.uk/cpd/articles/product-life-cycle-relates-healthcare
https://www.acowtancy.com/textbook/acca-pm/life-cycle-costing/identifying-the-costs-at-different-stages-of-the-life-cycle/notes
https://www.acowtancy.com/textbook/acca-pm/life-cycle-costing/identifying-the-costs-at-different-stages-of-the-life-cycle/notes
https://en.wikipedia.org/wiki/Uninterruptible_power_supply


14. Battery & Inverter parameter calculation: http://blog.chapagain.com.np/how-to-calculate-

inverter-battery-backup-time/ 

15. Speed Regulation of Motor: https://www.quora.com/How-does-a-fan-speed-regulator-work  

16. Foot Pedal Speed Controller:http://sewway.com/foot-speed-controller-troubleshooting.html 

17. Timing belt and pulley: Timing Belt Pulleys & Timing Belts - Synchronous Drive Parts | 

B&B Manufacturing 

18. Home | Precision Bearing House (pbh.in) 
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