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1. INTRODUCTION  

Planetary gear trains, also known as epicyclic gear trains, 

are composed of sun gear and one or more planet gears 

rotating around it. These gear systems are commonly 

employed to achieve high devaluation ratios within a 

compact and power-dense package. Studies have shown 

that load sharing is not uniform within planetary gear 

trains. These gear trains are widely used for power 

transmission and are considered crucial components in 

mechanical power transmission systems. They play a 

crucial role in various industrial sectors, and any failure in 

the gear train can lead to a complete system shutdown. 

Therefore, finding the root causes of gear train failures 

and optimizing their performance is essential. Epicyclic 

gear trains offer several advantages, including lower 

weight, higher torque capacity, smaller size, and 

improved efficiency compared to conventional gearboxes. 

Their compact design, which is approximately 60% 

lighter and half the size of a conventional gearbox, may  

lead to misconceptions about their strength. However, to 

minimize gear train stresses, it is crucial to maintain  

 

Minimum loads. The epicyclic gear train model used in 

this study was obtained from BHEL (Dilawer et al., 2013) 

[25], and some parameters were modified to enhance its 

performance. The gear train comprises five external gears 

and four internal annulus gears, including the sun and 

planet gears, forming an epicyclic gear train 

configuration. The current work on epicyclic gear trains 

involves the design of all gears along with the calculation 

of loads for individual gears within the epicyclic gear 

train system. The analysis is divided into three parts. The 

first part involves analysing the performance of the entire 

epicyclic gear train under a power of 10 HP at three 

rotational speeds (2000 RPM, 1500 RPM, and 1000 

RPM) for four different loads:wear tooth load (Ww), 

static tooth load (Ws),dynamic tooth load (Wt), and 

tangential tooth load (Wt). The material used for this 

analysis is cast iron. The same process was repeated for 

power levels of 15 HP and 20 HP while keeping other 

parameters constant. To prevent gear failure, the dynamic 

tooth load (Ws) and static tooth load (Wd) should be 

greater than the wear tooth load (Ww) [15] [19]. This 
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 Mechanical power transmission systems rely heavily on Epicyclic gear 

trains, as their failure can compromise the entire system. Consequently, 

identifying and mitigating the causes of gear failure is crucial. Various gear 

failure modes, including bending pitting (contact stresses), failure (load 

failure), abrasive wear, and scoring, are discussed in literature by J.R. Davis 

(2005) [24], Khurmi & Gupta (2006) [23], and P. Kannaiah (2006) [21][22]. 

These failures are often linked to the loads acting on the gears. This 

research focuses on optimizing gear design to reduce gear load failure. 

Table 1 summarizes various research efforts on Epicyclic gear trains 

conducted by different authors. This study delves into the optimization of 

epicyclic gear trains in India to minimize load failure. The analysis focuses 

on optimizing the gear train through load analysis of the pinions, gears, and 

annulus, including the sun and planet gears. The goal is to determine the 

optimal load conditions for the gear train to function effectively without 

succumbing to load failure. Epicyclic Gear Trains are widely used in 

industry due to their numerous advantages, including high torque capacity, 

improved efficiency, relatively smaller size, lower weight, and a highly 

compact package. However, there has been no comprehensive study of their 

load-bearing performance with respect to various parameters such as 

rotational speed, material, and power. This research paper aims to fill this 

gap by investigating the load performance of epicyclic gear trains under 

different parameters such as loading conditions and rotational speeds. This 

process helps in identifying the optimized design of epicyclic gear trains, 

ensuring optimal performance and minimizing gear loads and choosing 

correct rotational speed. The primary objective of this research investigation 

is to optimize epicyclic gear trains through load analysis to prevent future 

load failures. 
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condition was analysed for the entire gear train and 

optimized to achieve minimal loads on the gears. Because 

these gear trains operate under heavy loads, they 

experience substantial stresses that can lead to failure. 

Therefore, calculating loads for different rotational speeds 

and power levels provides insights into the optimal design 

of the gear train. This paper demonstrates the 

development of gear trains by varying the rotational 

speeds and power of the entire gear train. 

 

Table: 1shows the prominent authors who 

contributed to the analysis of Gears 

Author Description of the work 

carried out 

C. Yuksel [3] Dynam is tooth load of planetary 

gear sets 

S. Avinash [8] Load Sharing behavior in 

epicyclic gear trains 

M. Ramesh 

kumar [9] 

Load Sharing analysis of High-

Contract-Ratio in Spur Gear 

A. R. Hassan [10] Contacts tress analysis of spur 

gear teeth pair 

A.kiril [13] Alternative method for analysis 

of complex compound planetary 

gear train 

P. Sunyoung [24] Failure analysis of a planetary 

gear train 

B.Gupta[11] Contacts tress analysis of spur 

gear 

Liu, Hu Ran [26] Fundamental Equations of Load 

Deviation of the Gears in 

Compound Gearing 

S. Prayoonrat, D. 

Walton [27] 

Practical approach to optimum 

gear train design 

 

2. COMPUTATIONALMETHODOLOGY 

The compound epicyclic gear train depicted in Figure 1 

was sourced from BHEL (Dilawer et al., 2013) [25], with 

modifications made to its parameters for optimization 

purposes. The gears were designed using Solid Works 

software, as shown in Figure 1a. Figure 1b presents a 

general diagram illustrating the arrangement of gears, 

annulus, shafts, and arms were also sourced from 

(Dilawer et al., 2013). The original epicyclic gear train 

model experienced failure due to excessive loads acting 

on the gears. Given the critical role of gears in power 

transmission systems, gear failure can compromise the 

entire system, necessitating gear optimization to achieve 

low-load operation and efficient power transmission. 

Loads in an epicyclic gear train are categorized into four 

types: wear tooth load (Ww), dynamic tooth load (Wd), 

tangential tooth load (Wt), and static tooth load (Ws). 

 

Module: It represents the ratio of the pitch circle 

diameter (in millimetres) to the number of teeth. It is 

typically stand by m, where m = D / T, with D 

representing the pitch circle diameter and T representing 

the number of teeth. The Indian Standard recommends the 

following series of modules given in table 2. From which 

module 4 was selected for gear design optimization [22] 

[21]. 

 

 

 

 

Gear Tooth Systems: Four primary systems of gear teeth 

are commonly employed in practical applications: 14 ½° 

full depth in volute systems,14 ½° composite systems, 

20° full depth in volute systems, and 20° stub in volute 

systems. The tooth profile of the 20° full depth in volute 

system can be cut using hobs. Increasing the pressure 

angle from 14 ½° to 20° results in a stronger tooth due to  

its wider base, enhancing its beam-like properties. The 

20° stub in volute system offers a robust tooth capable of  

handling heavy loads, leading to its selection [9] [11] 

[22]. 
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Recommended 

Modules 

2nd Choice for Modules 

1 1.125 

1.25 1.375 

1.5 1.75 

2 2.25 

2.5 2.75 

3 3.5 

4 4.5 

5 5.5 

6 7 

8 9 

10 11 

12 14 

16 18 

20 22 

25 28 

32 36 

40 45 

50  

Parameters (mm) Module=4 

Addendum (1 × m) 4 

Dedendum (1.25 × m) 5 

Working Depth (2 × m) 8 

Total Depth (2.25 × m) 9 

Tooth Thickness (1.507 × m) 6.28 

Clearance (0.25 × m) 1 

Fillet Radius (0.4 × m) 1.6 

Gear Annulus Sun Planet 

Z R Z K  

K Q X L 

Y X Y N 

L P   

N    

Table. 3 shows then parameters of gear 

modelling for module 4. 

 

Table 4 shows all the Annulus, Gears, Sun and 

Planet Gears in the Gear Train. 

Table. 2 shows recommended modules Gear Material: Gear materials are chosen based on 

factors such as service factor, strength requirements, 

wear resistance, and noise considerations. Metallic and 

non-metallic materials are available. For industrial 

applications, metallic gears are commonly used, and 

commercially available options include steel, cast iron, 

and bronze. Among these materials, cast iron is widely 

utilized due to its excellent wear properties. In this study, 

cast iron with a Ultimate Tensile Strength of 480 MPa 

and an elongation of 6-16% was selected due to its high 

stability, high wear resistance, low production cost, long 

service life, and superior surface finish [24] [12]. 

 

1. DESIGN AND LOAD OPTIMIZATION OF 

GEARS 

The following design and load calculations illustrate the 

analysis of Gear-Z, a component of the epicyclic gear 

train, with a module of 4 and a power rating of 10 HP 

and Rotational Speed of 1500 RPM. The calculations 

encompass the four loads acting on the gears: static tooth 

load (Ws), dynamic tooth load (Wd), tangential tooth load 

(Wt),and wear tooth load (Ww). Gear parameters are 

provided in Tables 2, 3, and 4. Similar calculations are 

performed for the remaining eight gears, spanning 

Rotational Speeds of1000 RPM, 1500 RPM and2000 

RPM. For power levels, repeat this procedure of 10 HP, 

15 HP, and 20 HP. The results are presented in Tables 6 

to 14, and Graphs 1 to 9 illustrate the load variations 

across different Rotational Speeds and power levels. 

 

DESIGNOFZ-GEAR(pinion): 

Teeth of Gear Z(Tz)=30; Diameter of Gear Z (Dz)=120 

mm = 0.12 m; Speed of Gear Z (Nz)=1500 r.p.m 

 

Pitch Line Velocity (𝑉 = 𝜋 × 𝐷𝑍×𝑁𝑍) / 60= (π × 0.12 × 

1500) / 60 = 9.42477796 m/s 

 

Tangential Load(Wt): - Tangential tooth load is also 

known as the beam strength of the tooth. It is the load 

acting perpendicular to the normal tooth load (Wn) and 

radial tooth load (Wr) [9] [22] as shown in fig:5. 

 

 
Fig.5 Shows the tangential tooth load direction 

 on the gear tooth profile 

 

Table.5Shows Service Factor(Cs)for different loads 

 

 



Int. J. Adv. Res. Sci. Technol. Volume 12, Issue 11, 2023, pp.1197-1204. 

 

www.ijarst.com                                                                    Om S. Bagul1                                                                                Page | 1200 

By applying Lew is Equation [11] [9][22] 

 

Wt=σW× b×Pc×y 

 

Where σW= Permissible working stress, b=Gear tooth 

face width, 

 

σW=σ OxCV  

 

Where σO= Allow able Static Stress, Cv=Velocity 

Factor, σO=90N/mm2as material was nodular Cast 

iron) 

 

Pc = Circular Pitch=π× m(module), y = Lew is form 

factor 

CV= (4.58)/ (4.58+V)  = 0.327031247, Where V = Pitch 

Line Velocity (9.42477m/s) 

Y=0.154-

(0.912/TZ)=0.1236

WhereTz = Teeth of 

Gear Z 

PC=π ×m = π ×4 

Substituting the values in the equation, 

 1187.29588 = 90×0.327×b× 𝜋×4×0.1236 

 b= 25.97160951mm 

Dynamic Tooth Load (Wd):- Inaccuracies in tooth 

spacing, tooth profiles, and tooth deflection under loads 

cause the dynamic tooth loads[22]. The formulae for 

(Wd) is given below as Wd = WT + WI, Where Wd 

=Total Dynamic Tooth Load, WT =Steady Load due to 

transmitted torque, WI=Increment Load due to dynamic 

action. 

WT = (P / V) = (7460 / 9.424777) = 791.5305836N, 

Where P=Power, V= Pitch line velocity 

WI = 
𝐾3×𝑉×(𝑏×𝐶+𝑊𝑇)

𝐾3×𝑉+√(𝑏×𝐶+𝑊𝑇)
 

Where (K3 = 20.67), V=Pitch line velocity, b=face 

width(mm), C=Deformation factor (n/mm) [22]. 

C = 
𝑒

𝐾1(
1

𝐸𝑃
+

1

𝐸𝐺
)
 ,  Where e = Tooth error(mm) = 0.127, 

K1=Factor of Gear Teeth for 200 full in volute system, 

EP=Module of elasticity of Pinion, EG= Module of 

elasticity of Gear, (K1=9; EP= EG=164000 N/mm2) [22]. 

C = (
0.127

9×(
1

164000
+

1

164000
)
)/10 = 115.7111111 N/mm.  

WI = 
20.67×9.424777×(25.9716 × 115.71111 +791.530)

20.67×9.424777+√(25.9716 × 115.71111 +791.530)
 = 

2884.408059 N.   Substituting WT and WI, 

Wd = WT + WI = 791.5305836 + 2884.408059 = 3675.939 

N. 

Static Tooth Load (Ws):- The Lew is formula is used to 

compute the static tooth load, also known as the beam 

strength or endurance strength of the tooth, and elastic 

limit stress (σe) is used in place of permissible working 

stress (σw). There is a claim that in order to prevent tooth 

breaking, the work load (Ws) should exceed the dynamic 

tooth load (Wd). 

WS = σe× b× PC× y Where σe = Elastic limit stress (σe = 

175 N/mm2), b= Face width, PC= Circular pitch (π ×M) 

y=Lew is form factor [22] 

WS=175 ×25.9716 × (π × M) × 0.1236 =7059.358671N. 

Wear Tooth Load (Ww):- It is the highest load that a 

gear tooth can support before wearing down too soon. It 

depends upon the parameters like curvature of tooth 

profile, elasticity and surface fatigue limit of the gear 

material. It uses Buckingham equation [22] [9]. 

Ww = DZ × b × Q × K. Where DZ = Pitch circle diameter 

of Gear Z, b= Face width, Q = Ratio factor for external or 

internal gears, K = Load stress factor or material 

combination factor TG= Teeth of Gear, TP = Teeth of 

pinion 

Q = (2TG) / (TG + TP) = (2 × 45) / (45 + 30) = 1.2 

K = 2
es × sin / (1.4 / (1/EP) + (1/EG)) Where  = 

Surface endurance limit, =Pressure angle, EP= Young 

modulus of elasticity of Pinion, EG= Young modulus of 

elasticity of Gear 

K = 6302 × sin 20 / (1.4 / (1/164000) + (1/164000)) = 

1.1824 N/mm2    

Substituting the values in Ww   

Ww = 120 × 25.9716 × 1.2 × 1.1824 = 4422.341 N 

The results of the four loads acquire for the Gear–Z can 

be seen in Table:6 and Graph:1, in power 10HP 

formodule4. Similarly, the loads for the rest of the eight 

gears for rotational speeds1000rpm, 1500rpm, 2000rpm 

for the power 10 HP, 15 HP and20HP respectively can be 

in ferred from Tables 6to14 and Graphs1 to 9.  

3. RESULTS AND DISCUSSION 

The load calculations performed for Gear-Z of the 

epicyclic gear train, module 4, were extended to 

determine the four loads (Wd, Ws, Ww, Wt) for the 

remaining eight gears and annulus, including the sun and 

planet gears. This process was repeated for different 

rotational speeds (1000rpm, 1500rpm and 2000rpm) for 

all nine gears in the epicyclic gear train. The entire 

procedure was then conducted for three different power 

levels (10 HP, 15 HP, and 20 HP). The outcomes are 

tabulated and plotted from Table 6 to Table 14 and Graph 

1 to Graph 9. To ensure safety against tooth breakage, the 

dynamic tooth load (Wd) should always exceed the static 

tooth load (Ws), and the dynamic tooth load (Wd) should 

not surpass the wear tooth load (Ww) to prevent gear 

failure [22]. Additionally, the optimized design of the 

epicyclic gear train aims to minimize loads across all 

gears. The graphs below illustrate the load variations for 

different power levels (P) and rotational speeds (N), with 

loads represented in Wd = Dynamic Tooth Load, Newtons 

(N): Wt = Tangential Tooth Load, Ww= Wear Tooth 

Load, and Ws = Static Tooth Load. 
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Table: 6 and Graph:1 shows the different results for Gear Z 

 

 

Table: 7 and Graph: 2 shows the different results for Gear K 

 

Table: 8 and Graph:3 shows the different results for Gear R 

 

 

Table: 9 and Graph: 4 shows the different results for Gear Y 
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Table: 10 and Graph: 5 shows the different results for Gear L 

 

Table: 11 and Graph: 6 shows the different results for Gear Q 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12 and graph 7shows the different results for Gear X 

 

Table 13 and graph 8shows the different results for Gear N 
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Table 14 and graph 9 shows the different results for Gear P 

 

 

As all the loads (Ww, Ws, Wt and Wd) were calculated 

for the gears it was seen that wear tooth load (Ww) and 

static tooth load (Ws) were greater than dynamic tooth 

load (Wd) for all the gears and thus the design of the 

Gear train is safe. It is observed that in the Sun 

Gears(Z,X,Y),the  least loads canbeseenatthe2000 

RPM and at 10 HP, also for the plant gears and annul 

uses the  least loads were observed at 10 HP at 1000 

RPM. It is also seen that for Sun Gears Static tooth 

load (Ws) was the highest load while for the plant 

gears and annul uses wear tooth load (Ww) was the 

highest load.  

 

4. CONCLUSION 

The objective of this research paper is to identify the 

optimal design for the gear train by analyzing the loads 

across different rotational speeds (2000 RPM, 1500 

RPM, 1000 RPM) for all gears under three power 

levels: 20 HP, 15 HP, and 10 HP. Upon examining the 

loads for the gears plotted from Table: 6 to Table: 14 

and Graphs 1 to 9, it is evident that the wear tooth load 

(Ww) for all gears in the gear train exceeds the dynamic 

tooth load (Wd), and the dynamic tooth load (Wd) 

remains lower than the static tooth load (Ws) for all 

gears in the system. This condition, which is crucial for 

preventing tooth failure, is satisfied, indicating that the 

design is safe. Graphs X, Y, and Z reveal that the loads 

increase as the power level increases, with the minimum 

load observed at 2000 RPM, corresponding to the sun 

gears in the gear train. Additionally, Graphs K, L, Q, N, 

and P demonstrate that the wear tooth loads (Ww) for the 

remaining gears and annulus is higher than other loads, 

with the maximum load observed at gear N at 1000 

RPM and 20 HP. Conversely, it is seen that static tooth 

load (Ws) is maximum for plant gears. This trend is 

consistent across power levels of 10 HP, 15 HP, and 20 

HP. Also, Graphs K, L, Q, N, P illustrate that the wear 

tooth load surpasses the static tooth load for these gears. 

This observation suggests that the teeth of these gears 

should be made from a material with superior wear 

resistance, such as cast iron, as recommended in Section 

2 (Computational Methodology) of this research paper. 

Since the proposed design satisfies the condition that 

static tooth load (Ws) should always exceed wear tooth 

load (Ww) and dynamic tooth load (Wd)should not be 

less than dynamic tooth load (Wd), it is considered safe. 

The minimum load conditions, observed at the lowest 

power level (10HP in this case), are preferred for the 

optimal working of gears with higher rotational speeds 

(2000 RPM) in this case. 
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