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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 toolpost. 

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. 

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. Achieve the required direction of motor. 

ix. Solution to speed regulation. 

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 regulation. 

 

 

 

  



 

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 may 

not get the motor of desired direction of rotation so we also make an unit which has provision for 

reversing the direction of rotation. 

 

 

 

 

 

 

 



 

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 

 



 

3.2 Design of pulley shaft 

Pulley shaft is attached with the output pulley to transmit power with reduction. The inputs for shaft 

design is shown in Table 3-6. 

Table 3-6   The table of required input data for output shaft design (Shaft material - Steel) 

INPUT 

Parameter Nomenclature Value Unit 

Yield strength Sy 420 MPa 

Ultimate strength Sut 560 MPa 

Minimum 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   

Radius of the pulley R 20 mm 

Tight tension T1 22.961 N 

Slack tension T2 3.8628 N 

Distance AB AB 25 mm 

Distance BC BC 50 mm 

Fatigue stress concentration factor for bending Kf 2.7   

Fatigue stress concentration factor for torsion Kfs 2.2   

 

. The belt tensions are calculated on tight side and slack side. Then SFD and BMD (Figure 3-1) of 

output shaft is made assuming the distances AB and BC. Considering static design  shaft diameter was 

obtained as 8 mm. But 10 mm diameter has been considered as the dynamic analysis will also be 

conducted once dynamic loading conditions are known.  

Steps for calculation: 

a. Surface factor (Ka) = 2.7 ∗ 𝑆𝑢𝑡
−0.265 

b. Endurance strength (Se) = 𝐾𝑎 ∗ 𝐾𝑏 ∗ 𝐾𝑐 ∗ 𝐾𝑑 ∗ 𝐾𝑒 ∗ 𝐾𝑓 ∗ 𝑆𝑢𝑡 

c. Total tension (T) = T1 + T2 

d. Reaction at B (RB) = 
𝑇∗(𝐴𝐵+𝐵𝐶)

𝐵𝐶
 

e. Reaction at C (RC) = RB – T 

f. Alternating bending moment (Ma=Mb) = 𝑅𝐶 ∗ 𝐵𝐶 



 

g. Midrange bending moment (Mm) = 0 

h. Alternating torsional moment (Ta) = 0 

i. Midrange torsional moment (Tm=Mt) = (𝑇1 − 𝑇2) ∗ 𝑅 

j. Diameter of shaft (d) = 

             (
16𝑛

𝜋
{

1

𝑆𝑒
[4(𝐾𝑓𝑀𝑎)

2
+ 3(𝐾𝑓𝑠𝑇𝑎)

2
]

1 2⁄

+  
1

𝑆𝑢𝑡
[4(𝐾𝑓𝑀𝑚)

2
+ 3(𝐾𝑓𝑠𝑇𝑚)

2
]

1 2⁄

})
1 3⁄

 

k. For checking: Alternating bending stress (σa) = 
32∗𝐾𝑓∗𝑀𝑎

𝜋∗𝑑3  

l. Midrange bending stress (σm) = 0 

m. Alternating torsional stress (τa) = 0 

n. Midrange torsional stress (τm) = 
16∗𝐾𝑓𝑠∗𝑇𝑚

𝜋∗𝑑3  

o. Alternating von mises stress (σa΄) = (𝜎𝑎
2 + 3𝜏𝑎

2)1 2⁄  

p. Midrange von mises stress (σm΄) = (𝜎𝑚
2 + 3𝜏𝑚

2)1 2⁄  

q. Maximum von mises stress (σmax) = ((𝜎𝑎 + 𝜎𝑚)2 + 3 ∗ (𝜏𝑎 + 𝜏𝑚)2)1 2⁄  

r. Calculate σa΄+σm΄ 

s. Check  σa΄+σm΄ > σmax΄ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3-1   Loading and other diagrams which are required for calculation 



 

 

3.3 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2: SGR 15 Linear Guide Rail and Slide 

Block [6] 

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

SBR12UU Block [7] 

Figure 3-5: MGN 15 Linear Rail Guide 

With MGN15H Linear Sliding Guide 

Block  [9] 

Figure 3-4: Optical Linear Rail Guide 

Support With Linear Bearing Blocks [8] 



 

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

3-7).  

 

Optical rail and bearing Block is the most appreciable solution.  

3.3.1 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   

 

Table 3-7 Decision Matrix for Linear Bearing (Allign the table properly) 



 

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. Since there are many factors which are 

taken as random and loading on the rail due to dynamic situation is not known or overestimated, the 

diameter of the rail is taken as 10 mm for experiment. The size of rail will be updated after performing 

dynamic analysis corresponding the loading conditions. 

 

3.4 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- 6 CAD model of TMBMM 



 

 

 

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

1. Base frame: Supports machine and provides stability. 

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

3. Tool post support: Supports tool post assembly. 

4. Stem stopper sheet: Using to avoid the stem from flying off. 

5. Optical rail: provides linear motion to the motor housing. 

6. Linear bearing: Provides smooth linear motion. 

7. Optical rail support: Holds optical rail. 

8. Motor housing: Housing for motor. 

9.  Motor: Supplies torque. 

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 speedreduction. 

14. Shaft coupler: To extend the motor shaft. 

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

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

19.  Plate for connector: Connector is placed on it. 

20.  Connector: Used to supply power from source to motor. 

21.  Tail stock: Supports cutting operation. 

22. Pin chuck: Holds pin. 

23. Pin: Using for 1.5mm drilling purpose. 

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

 

 

 

 

 



 

3.5 Bill of Materials 
 

 

Figure 3-7 Bill of Materials of TMBMM 



 

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 [16] 

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 [17] 

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 [18] 

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 

RPN and S*O graphs were plotted against different failure modes to see the most risky failure modes 

in TMBMM. Failure modes and their respective RPN and S*O number are determined by severity, 

occurrence and detection scale as discussed earlier. The following graphs shown in Figures 4-2 and 4-

3 are the result of FMEA. 

 

 

Figure 4-2  RPN Vs. Failure modes 

Figure 4-3  S*O Vs Failue modes 



 

 

4.5 Conclusion 
From the RPN and S*O number graph as shown in Figure 4-2 and Figure 4-3 it is to be concluded that 

the failure modes, we should prioritize are  

1. Breaking and bending of pin 

2. Bending and misalignment of optical rail  

3. Electrical insulation failure of motor  

4. Tensioning failure of belt  

5. Misalignment and wear out of screw thread in pin chuck  

 

Beside this there are minor failure modes in  

1. Base, bump 

2.  Side wall, pulley,  

3. Shafts.  

 

Action should be recommended by team to minimize above failure modes and updated RPN and S*O 

to be calculated for future improvisation. 

  



 

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 5-1) 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 [10] 



 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5-3: Product Life Cycle Costing [11] 



 

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 

PROTOTYPE FABRICATION COST 
 

Parts 

Per Unit 

Cost Unit Total Cost (Without GST) 

Total 

Cost 
 

Pulley (Both Small and Big) 1050 1 1050 1239  

Belt 100 1 100 118  

Linear Bearing (SC 10 UU) 250 2 500 590  

MCS 10 Optical Rail 235 2 470 554.6  

End Stopper (SK 10) 100 2 200 236  

FL000 Ball Bearing 250 2 500 590  

Motor (USHA 100 Watt 

Sewing Machine Motor) 
   

1300 
 

Manufacturing Cost 
  

3000 3540  

  
TOTAL FABRICATION COST 8167.6  

 

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

fabrication is calculated to be approximately Rs 8167. 

 

 

 

 

 

 

 

 

 

 



 

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. 

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.  

  

Figure 6-1  Working of the inverter circuit [12] 



 

 

 

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. 

 

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. 

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. 

Volt-Ampere * power factor = Watts 

Here, Power Factor = 0.6-0.8  

[This is the power factor which is used for home appliances] 

Table 6-1: Calculation of capacity the inverter in Volt-Ampere 

SL. NO. RATING IN WATTS(W) 
POWER 
FACTOR 

RATING IN VOLT-AMPERE 
(VA)=(RATING IN WATTS)/(POWER 
FACTOR) 

1 100 0.6 166.7 

2 100 0.8 125 

 

We would prefer to use inverter within this range but 200 VA would be the best choice for practical 

situations.[13] 

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  (50-80)%. 

Table 6-2: Calculation of capacity of the battery in Ampere-Hour 

 

SL. NO.  
BACK-UP 

TIME(HOURS) 
LOAD IN 

WATTS(W) 

NUMBER 
OF 

BATTERIES 

VOLTAGE 
OF 

BATTERY 

EFFICIENCY 
OF THE 

BATTERY 
(%) 

CAPACITY OF THE 
BATTERY IN 

AMPERE-
HOUR(AMP-HR) 

1 3 100 1 12 50 50 

2 3 100 1 12 80 31.25 
 

 
 

So, the battery of 31.25-50 amp-hr is required.[13] 

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 7-1 and Table 7-2 respectively. Here for suiting 

the purpose an inverter with capacity between 125-166.7 Volt-Ampere rating is required, but 200 VA 

is the capacity available in market. The capacity of the battery is 31.25-50 Amp-hr for providing three 

hours of continuous power supply to the motor.  

 

 

 

 

 

 

 

 

 

 

 

 



 

7 Reversing the direction of rotation of the shaft 

7.1 Use of double pole double throw (DPDT) switch 
To reverse the direction of the motor DPDT (Double Pole Double Throw) switch can be used. DPDT 

is switch which can be switched in ON in two different direction unlike normal switches which can 

either be turned ON or OFF. 

 

Figure 7-1: Illustration of reversal of motor direction using DPDT switch [14] 

Unlike normal switch the DPDT switch has two inputs and therefore there are four possible outputs.  

 

Figure 7-2: DPDT switch along with its circuit diagram[15] 

DPDT switch has six terminals. There are two wires through which the power is supplied to the motor. 

Each of the two wires are connected to two diagonally opposite terminals of the motor which are present 

at the corners and the switch is supplied power by using the middle two terminals as shown in Figure 

7-1. 

  



 

7.2 Conclusion 
 

Here for reversing the direction of rotation of the motor we use Double Pole Double Throw (DPDT) 

switch. Sometimes while purchasing the motor from the market for fabrication of the device it may not 

be possible that we always get the motor of our desired direction of rotation for suiting our purpose. So 

this DPDT switch enables us to reverse the direction of rotation as per our required direction of rotation. 

For reversing the direction of rotation of the motor using this DPDT switch we connect the motor to the 

switch as shown in the Figure 7-1. 

  



 

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 about the previous 

device from operators.  

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 and linear bearing have been selected for the smooth linear movement of the motor.  

4. There is a chance that the stem can fly off from the stem holder during the operation and may harm 

the operator and others. So, stem stopper has been designed as a safety component. 

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

6. 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. 

7. Approximate cost of prototype fabrication is also analysed by taking the all the possible costs. It is 

coming around Rs 8167.  

8. 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. 

9. The developed model is powered by electricity. But, in villages frequent power cut is a very 

prominent problem, which leads to discontinuation of operation. A UPS can be recommended to 

facilitate continuous power supply. For UPS combination of inverter and battery can be used. 

Inverter having specification of about 200 VA and battery with capacity between 31-50 ampere-

hour can be used. 

10. A DPDT (Double Pole Double Throw) Switch can be used for reversing the direction of rotation of 

the motor. 

8.2 Future work: 
1. Prototype fabrication for laboratory and field testing. 

2. Define reliability and maintenance of the device. 

3. FMEA recommendations to be defined and incorporated in the design 

4. To select UPS as per the requirements according to design calculations. 

5. Select speed regulation concept. 

6. Solution to achieve the required direction of rotation. 

7. Completely define supply chain and life cycle cost of the product 
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13. Battery & Inverter parameter calculation: http://blog.chapagain.com.np/how-to-calculate-

inverter-battery-backup-time/ 

14. Reversal of Motor Directions: https://www.quora.com/How-is-a-dpdt-switch-used-for-

reversing-the-motion-of-an-electrical-

motor#:~:text=If%20you%20use%20a%20DPDT,sequence%20of%20the%20stator%20windi

ngs. 

15. DPDT Switch:https://www.amazon.in/Dpdt-Switch-Wireless-Control-

Technologies/dp/B079W65MXZ  

16. https://www.fmea-fmeca.com/fmea-hydrogen-fuel-cell-vehicles.pdf 

17. https://www.fmea-fmeca.com/fmea-hydrogen-fuel-cell-vehicles.pdf 

18. https://www.fmea-fmeca.com/fmea-hydrogen-fuel-cell-vehicles.pdf 
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