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Abstract 
Bevel gears are widely used in the application where requirement is to transmit the power in 90 degrees. Where shafts intersect 

each other, the basic need is fulfilled by the bevel gear pair only. These gears are used in many applications and the most 

common application is differential use in automotives. This paper mainly focuses on the design and mathematical modeling of the 

bevel gear pair used in gate valve unit. Gate valve is valve which opens by lifting a round or rectangular gate/wedge out of the 

path of the fluid. To operate this gate valve the main component used is bevel gear pair. It is needed to check the maximum torque 

transmission capacity of gear pair so as to know its limits. Involute gear is used in this application. Gate valves are actuated by a 

threaded stem which connects the actuator (e.g. handwheel or motor) to the gate.  
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1. INTRODUCTION 

A gate valve, which is also known as a sluice valve, is a 

valve which opens up by lifting a round or rectangular gate 

or wedge out of the path of the fluid. The distinct feature of 

a gate valve is the sealing surfaces between the gate and 

seats are planar, so gate valves are often used when a 

straight-line flow of fluid and minimum restriction is 

desired. The gate faces can be parallel, but are most 

commonly wedge-shaped. Gate valves are primarily used to 

permit or prevent the flow of liquids, but typical gate valves 

shouldn't be used for regulating flow, unless they are 

specifically designed for that purpose. Because of their 

ability to cut through liquids, gate valves are often used in 

the petroleum industry. To operate these gate valves the 

important element is bevel gear pair. Bevel gears are widely 

used because of their suitability towards transferring power 

between nonparallel shafts at almost any angle or speed.  

 

For solving some complex problems regarding the 

generation of the gears with crossed axes, are known more 

techniques. There are taken into account the undercutting 

and sharpening of the gear’s teeth, as well as correct 

positioning of the contact area between teeth sides.[1] 

 

To find out the maximum torque transmission capacity of 

bevel pair is the prime requirement, as these are used in gate 

valve and need to sustain that load. So as to cope up with 

this requirement the design is to be made.  

 

1.1 Bevel Gear Pair Requirement 

Bevel gears are useful when the direction of a shaft's 

rotation needs to be changed. They are usually mounted on 

shafts that are 90 degrees apart, but can be designed to work 

at other angles as well. The pitch surface of bevel gears is a 

cone. 

 

The teeth on bevel gears can be straight, spiral or hypoid. 

Straight bevel gear teeth actually have the same problem as 

straight spur gear teeth as each tooth engages, it impacts the 

corresponding tooth all at once. On straight and spiral bevel 

gears, the shafts must be perpendicular to each other, but 

they must also be in the same plane. Straight-bevel gears are 

the simplest form of bevel gears. The teeth are straight and 

tapered, and if extended inward, they would pass through 

the point of intersection of the axes. 

 

A basic load and a suitable factor encompassing protection 

from intermittent overloads, desired life, and safety are 

determined from 

1. The power rating of the prime mover, its overload 

potential, and the uniformity of its output torque. 

2. The normal output loading, peak loads and their duration, 

and the possibility of stalling or severe loading at infrequent 

intervals. 

3. Inertia loads arising from acceleration or deceleration. 

 

2. DESIGN OF BEVEL GEAR PAIR 

A) Input parameter:  

Number of teeth on pinion = Z1 =12 

Number of teeth on gear = Z2=52 

Module= m = 4mm 

Pressure angle = Ψ= 20° 

Shaft angle = ∑= 90° 

 

B) Detail dimensions of bevel gear pair: 

1) Reference diameter(d): 

Diameter of pinion=d1 = m× Z1= 4× 12 = 48mm 

Diameter of gear = d2= m× Z2= 4×52= 208mm 

 

2) Pitch angle(δ): 

Pitch angle of pinion=δ1=tan−1(
Z1

Z2
)= tan−1(

12

52
) 

δ1 =12.994° 

https://en.wikipedia.org/wiki/Valve
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Valve
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Petroleum
https://en.wikipedia.org/wiki/Cone_%28geometry%29
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Pitch angle of gear=δ2=tan−1(
Z2

Z1
)=tan−1(

52

12
)= 77.006° 

 

Cross check,   

  Shaft angle = ∑= 90° 

∑=δ1 + δ2= 12.994° + 77.006° = 90° 

 

3) Outer cone distance(R): 

R=R1=R2=
d1

2
 × cosec δ1 

R=
48

2
× cosec 12.994°=106.738mm 

 

4) Addendum modification coefficient(Ka): 

For pinion, 

Ka1=0.460× [1 − (
Z1

Z2
)2] 

Ka1= 0.460× [1− (
12

52
)2] 

Ka1 = 0.435 

For gear, 

Ka2= -Ka1  

Ka2= -0.435 

 

5) Tooth width modification coefficient(Kw ): 

The value of 2Kw1 tan Ψ  is 0.110, 

2Kw1 tan Ψ=0.110  

2 Kw1 × tan 20°=0.110 

For pinion, 

Kw1= 0.151 

For gear, 

Kw2= - Kw1  

Kw2= -0.151 

 

6) Equivalent tooth modification coefficient( Keq ): 

For pinion, 

 Keq 1=Ka1+Kw1= 0.435+0.151= 0.586 

 

For gear, 

 Keq 2= -Keq 1= -0.586 

 

7) Addendum(ha) : 

For pinion, 

 ha1= m×(1+Ka1)= 4×(1+0.435)= 5.74mm 

 

For gear, 

 ha2= m×(1+Ka2)= 4×(1-0.435)= 2.26mm 

 

8) Dedendum(hf): 

For pinion, 

 hf1 = m×(1.2-Ka1)= 4(1.2-0.435)= 3.06mm 

 

For gear,  
 hf2= m×(1.2-Ka2)= 4(1.2+0.435)= 6.54mm 

 

9) Face width(b): 

b= b1=b2=0.3× R= 0.3×106.738= 32.03mm 

 

10)  Dedendum angle(xf): 

For pinion, 

xf1= tan−1(
hf1

R
)= tan−1(

3.06

106.738
)= 1.642° 

 

For gear, 

xf2= tan−1(
hf2

R
)=tan−1(

6.54

106.738
)= 3.506° 

 

11) Root angle(δf): 

For pinion, 

δf1 =δ1- xf1= 12.994°-1.642°=11.352° 

 

For gear, 

δf2 =δ2- xf2=77.006° − 3.506° = 73.5° 

 

12) Face angle of blank(δa): 

For pinion, 

δa1 = δ1+xf2 = 12.994°+3.506° = 16.5° 

 

For gear, 

δa2 = δ2+xf1= 77.006° + 1.642° = 78.648° 

 

13) Outside diameter of blank(da): 

For pinion, 

da1=d1+2 ha1 × cos δ1=48+2× 5.74 ×
cos 12.994°=53.59mm 

 

For gear, 

da2 = d2+2 ha2 × cos δ2=208+2× 2.26 ×
cos 77.006°=209.01mm 

 

14) Apex to crown distance(hp): 

For pinion, 

 hp1= R× cos δ1- ha1 × sin δ1=106.73cos 12.994° – 

5.67sin12.994°= 102.706mm 

 

For gear, 

 Hp2=R × cosδ2 –  ha2 ×sinδ2 

=106.73×cos77.006°– 2.26×sin77.006°= 21.79mm 

 

15) Circular tooth thickness at the reference diameter(S): 

For pinion, 

 s1= m×(
π

2
+2Keq 1 × tan Ψ) = 4×(

π

2
+ 2 × 0.586 ×

tan20°)= 7.99mm 

 

For gear, 

s2= m×(
π

2
+2Keq 2 × tan Ψ)= 4×(

π

2
− 2 × 0.586 ×

tan20°) = 4.58mm 

 

16) Virtual spur gear diameter(dv): 

For pinion, 

 dv1= d1 ×secδ1= 48×sec12.994°= 49.27mm 

 

For gear, 

dv2= d2 ×secδ2= 208×sec77.006°= 925mm 

 

17) Virtual spur gear teeth(Zv): 

For pinion, 

 Zv1= 
dv 1

𝑚
= 

49.27

4
= 12.31  

 

For gear, 

Zv2= 
dv 2

𝑚
= 

925

4
= 230.25 
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18) Chordal tooth thickness(gc): 

For pinion, 

 gc1= dv1 × sin(
s1

dv 1
rad) =49.26 × sin(

7.89

49.26
rad)= 

7.86mm 

 

For gear, 

gc2= dv2 × sin(
s2

dv 2
rad) =925 × sin(

4.57

925
rad)= 4.56mm 

 

19) Chordal height(hc): 

For pinion, 

 hc1= ha1+
gc1

2

4dv 1
 = 5.74+ 

7.8562

4×49.26
 = 6.05mm 

 

For gear, 

hc2= ha2+
gc2

2

4dv 2
 = 2.26+

4.562

4×925
= 2.26mm 

 

20) Constant chord(gcc ): 

For pinion, 

gcc 1= s1 × cos2Ψ = 7.98× cos220°= 7.04mm 

 

For gear, 

gcc 2= s2 × cos2Ψ = 4.57× cos220°= 4.03mm 

 

21) Constant chord thickness(hcc ): 

For pinion, 

hcc 1= ha1 −
 s1×sin 2Ψ

4
 = 5.74 – 

7.98×sin 40

4
 = 4.45mm 

 

For gear, 

hcc 2= ha2 −
 s2×sin 2Ψ

4
 = 2.26 – 

4.57×sin 40

4
 = 1.52mm 

 

 
Fig -1: Bevel gear pair 

 

3. FORCE ANALYSIS 

Power transmitted= 1.5kW, 

Input speed= 190rpm 

1) Average pitch radius(dav ): 

 Dav =d1-b×sinδ1 

= 48-32.03×sin12.994°=40.80mm 

 

2) Pitch line velocity(Vav ): 

 Vav =
π×d1×n1

60000
 = 

π×40.80×190

60000
 = 0.4059 m/sec 

 

3) Transmitted tangential force(Ft): 

 Ft=
1000 ×w

vav
 = 

1000 ×1.5

0.405
 = 3703.70 N 

 

4) Torque transmitted(T): 

T= Ft × 
dav

2
  

T=Ft × rav  = 3703×20.40= 75541 N-mm T=75.54 N-m 

 

5) Tangential force(Pt): 

 Pt=
T

rav
 = 

75541

20.40
= 3703 N= 3.703kN 

 

6) Radial force(Pr): 

 Pr= Pt × tanΨ × cosδ1= 3703× tan20° × cos12.994° = 

1313.26N = 1.313kN 

 

7) Axial force(Pa): 
Pa=Pt × tanΨ × sinδ1=3703× tan20° ×

sin12.994°=303.04N= 0.3kN 
 

3.1 Bevel Gear Stresses and Strength Analysis: 

1) Dynamic factor (Kv ): 

Table -1: Overload factors 

Character 

of prime 

mover 

Character of load on driven machine 

Uniform Light 

shock 

Medium 

shock 

Heavy shock 

Uniform 1.00 1.25 1.50 1.75 or higher 

Light 

shock 

1.10 1.35 1.60 1.85 or higher 

Medium 

shock 

1.25 1.50 1.75 2.00 or higher 

Heavy 

shock 

1.50 1.75 2.00 2.25 or higher 

 

Pitch line velocity (Vav ): 

 Character of prime mover: Light shock 

 Character of load on driven machine: Uniform 

  Kv = 1.10   From table 1 

 Qv= 11     From fig.2 

 

Also we have,  

 Kv = (
A+ 200va

A
)B  

 A= 50+56(1-B) 

 B= 0.25(12 − Qv )
2

3 

 As we have Qv= 11, 
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Fig -2: Dynamic factor Kv  

 

 B= 0.25(12 − 11)
2

3 = 0.25 

 A= 50+56(1-0.25) = 92 

 Putting these values of A & B in above equation, 

 Kv = (
A+ 200va

A
)B  = = (

92+ 200×0.405

92
)0.25 = 1.05 

2) Maximum recommended pitch line velocity (Vamax ): 

Maximum recommended pitch-line velocity is 

associated with the abscissa of the terminal points of the 

curve in fig. 2: 

 

Vamax =(
𝐴+(Qv−3)

200
)2 = (

92+(11−3)

200
)2 = 50 m/sec 

 

3)  Size factor for pitting resistance (Z): 

Zx = 0.00492×b+0.4375  

for  12.7𝑚𝑚 ≤b≤ 114.3mm 

Zx=0.00492 × 32.03+0.4375 

Zx  =0.7321 

 

4) Size factor for bending (Yx): 

 Yx=0.4867+0.008339×m    

for 1.6mm≤ m≤ 50mm  

 Yx= 0.4867+0.008339× 4= 0.520056 

 Yx= 0.520056 

 

5)  Load-distribution factor (KHβ ): 

 KHβ= Kmb +5.6(10−6)b2 

Where,  

Kmb = 1.10        for one member straddle-mounted 

 KHβ= 1.10+5.6(10−6) × 32.032  

 KHβ= 1.105 

 

6) Crowing factor for pitting (Zxc ): 

The teeth of most bevel gears are crowned in the 

lengthwise direction during manufacture to 

accommodate to the mountings. 

 

Zxc =1.5 

 

For properly crowned teeth. 

7) Lengthwise curvature factor for bending strength (Yβ): 

 Yβ=1              for straight-bevel gears    

 

8) Pitting resistance geometry factor (ZI): 

Fig. 3 shows the geometry factor ZI for straight-bevel 

gears with a 20° pressure angle and 90° shaft angle. 

Enter the figure ordinate with the number of pinion 

teeth, move to the number of number of gear-teeth 

contour, and read from the abscissa.  

 

 
Fig -3: Contact geometry factor (ZI) for coniflex straight-

bevel gears with a 20° normal pressure and a 90° shaft angle 

 

ZI=0.075                                                                 from fig. 3   

 

9) Bending strength geometry factor (YJ): 

 
Fig. -4: shows the geometry factor J for straight-

bevel gears with a 20° pressure angle and 90° shaft angle . 

 

 YJ = 0.18                                                 from fig. 4 

 

10) Stress-cycle factor for pitting resistance (ZNT ):  

 ZNT =3.4822 ×   nL
−0.0602            104 ≤ nL  ≤ 1010  

 Where nL = Number of load cycles 

 In this case, nL =  106 

 ZNT = 3.4822× (106)−0.0602 = 1.515 

 ZNT = 1.515  
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11) Stress-cycle factor for bending strength (YNT ): 

 YNT = 6.1514× nL
−0.1182                                                                       

 103 ≤ nL  ≤ 3(106) 

 Where nL =Number of load cycles 

 In this case, nL = 106 

 YNT =  6.1514× (106)−0.1182 =1.2013 

 YNT = 1.2013 

12) Material specification: 

 A) Pinion: 

 AISI 4140 Low alloy steel 

 Tensile strength= 655mpa 

 Yield strength= 517mpa 

 Brinell Hardness Number(BHN) = 207-235 

 Quenching= 120℉ (water) 

 Chemical composition elements : 

Carbon, Manganese, Phosphorus, Sulphur, Silicon, 

Nickel, Chromium, Molybdenum, vanadium . 

 B) Gear:  

 AISI 1040 Low alloy steel 

 Tensile strength= 551mpa 

 Yield strength= 330mpa 

 Brinell Hardness Number(BHN) = 150-235 

 Quenching= 120℉ (water) 

 Chemical composition elements : 

 Carbon, manganese, Phosphorus, sulphur . 

 

13) Hardness ratio factor (ZW ): 

 HB1=Minimum Brinell hardness number for pinion 

material= 207 

 HB2=Minimum Brinell hardness number for gear 

material= 150 

 ZW = 1+B1 × (
Z1

Z2
 - 1) 

 Where B1 = 0.00898×(HB1/HB2) – 0.00829 

 B1 = 0.00898×(207/150) – 0.00829 

B1 = 4.1024× 10−3 

 ZW = 1+B1 × (
Z1

Z2
 - 1) 

 ZW = 1+4.1024× 10−3 × (
12

52
 - 1) 

 ZW = 0.9968 

 

14) Temperature factor (Kθ): 

 Kθ = 1              for 32℉ ≤ 𝜃 ≤ 250℉                                                                                 

 In this case 

 Kθ = 1            As  𝜃 = 120℉ 

 

15) Reliability factors (Zz & Yz): 

 

Table: 2 Reliability Factors 

Requirements of application Reliability factors for steel 

ZZ  YZ  

Fewer than one failure in 

10000 

1.22 1.5 

Fewer than one failure in 1000 1.12 1.25 

Fewer than one failure in 100   1 1 

Fewer than one failure in 10   0.92 0.85 

Fewer than one failure in 2 0.84 0.70 

 

Considering the one failure fewer than one in 100 .Thus 

from table 2 the values of  ZZ  and YZ  is 1. 

 ZZ = 1 

 YZ = 1 

16) Allowable contact stress number (𝜎𝐻 lim ): 

 

Table: 3 Allowable contact stress number for steel gears, 

𝜎𝐻 lim  

Material 

Designati

on 

Heat 

Treatme

nt 

Minimu

m 

Surface 

Hardnes

s 

Allowable contact stress 

number, 𝜎𝐻 lim (N/mm2) 

Grade 1      Grade 2      

Grade 3 

Steel 

Through

-

hardene

d 

Flame 

or 

inductio

n 

hardene

d 

 

50 HRC 

 

17500

0 

(1210

) 

 

19000

0 

(1310

) 

 

20000

0 

(1380

) 

AISI 

4140 
Nitrided 

84.5HR 

15N 
 

14500

0 

(1000

) 

 

Nitralloy 

135M 
Nitrided 

90HR 

15N 
 

16000

0 

(1100

) 

 

 

ZE = elastic coefficient, 190 N/mm2 for steel 

 And the equations are as follow, 

 𝜎𝐻 lim = 2.35 𝐻𝐵  + 162.89 MPa                    grade 1 

 𝜎𝐻 lim = 2.51 𝐻𝐵  + 203.86 MPa                    grade 2 

 In our case material is made up of ANSI 4140 and 

the corresponding grade is 2. 

 

 
Fig. 5 Allowable contact stress number for through-

hardened steel gears, 𝜎𝐻 lim . 

 

To find out the value of 𝐻𝐵  there is graph as above. 

 

From fig. 5, 𝐻𝐵 = 325 

𝜎𝐻 lim = 2.51 𝐻𝐵  + 203.86 MPa                    for grade 2 

𝜎𝐻 lim = 2.51 × 325 + 203.86 MPa = 1016.36 MPa 
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17) Allowable bending stress number (𝜎𝐹 lim ): 

 

Table: 4 Allowable bending stress number for steel gears, 

σF lim  

Material 

Designatio

n 

Heat 

Treatme

nt 

Minimu

m 

Surface 

Hardnes

s 

Allowable bending 

stress number, 

σF lim (N/mm2) 

Grade 1     Grade 2     

Grade3 

Steel 

Through-

hardened 

Flame or 

induction 

hardened 

 

50 HRC 

 

1500

0 

(85) 

 

1350

0 

(95) 

 

1200

0 

(105) 

AISI 4140 Nitrided 
84.5HR 

15N 
 

2200

0 

(150) 

 

Nitralloy 

135M 
Nitrided 

90HR 

15N 
 

2400

0 

(165) 

 

 

ZE = elastic coefficient, 190 N/mm2 for steel 

 And the equations are as follow, 

 𝜎F lim = 0.30 𝐻𝐵  + 14.48 MPa                     grade 1 

 𝜎F lim = 0.33 𝐻𝐵  + 41.24 MPa                     grade 2 

 In our case material is made up of ANSI 4140 and 

the corresponding grade is 2. 

 To find out the value of 𝐻𝐵  there is graph as 

follow. 

 From fig. 6 ,𝐻𝐵 = 320 

 𝜎F lim = 0.33 𝐻𝐵  + 41.24 MPa                     grade 2 

 𝜎F lim = 0.33 × 320  + 41.24 MPa = 146.84 MPa 

 

Fig.6 Allowable bending stress number for through-

hardened steel gears, 𝜎𝐹  lim . 

 

18) Fundamental contact stress (𝜎H): 

 Fundamental contact stress equation is as follow, 

 𝜎H = 𝑍𝐸 × (
1000 ×𝑊×𝐾𝐴×𝐾𝑣×𝐾𝐻𝛽 ×𝑍𝑋×𝑍𝑋𝐶

𝑏×𝑑×𝑍𝐼
)1/2  

 𝜎H = 190 × (
1000 ×1.5×1×1.1×1.105×0.732×1.5

32.03×48×0.075
)1/2  

𝜎H= 791.80 N/mm2 

 

 

19) Permissible contact stress (𝜎HP ):  

 Permissible contact stress number equation is as 

follow, 

 𝜎HP =  
𝜎𝐻  lim ×𝑍𝑁𝑇 ×𝑍𝑊

𝑆𝐻×𝐾𝜃×𝑍𝑍
 

 𝜎HP =  
1016 .36×1.515×0.9968

1×1×1
 = 1534.85 N/mm2 

 𝜎HP = 1534.85 N/mm2 

 

Here, 𝜎HP >  𝜎H  clearly shows that the contact stresses are 

under permissible limit. 

 

20) Bending stress (𝜎F): 

 Bending stress equation is as follow, 

 𝜎F =  
1000 ×w×KA ×Kv ×YX ×KHβ

b×m×Yβ×YJ
 

 𝜎F =  
1000 ×1.5×1×1.1×0.52005 ×1.105

32.03×4×1×0.18
 

 𝜎F = 41.11 N/mm2 

 

22) Permissible bending stress (𝜎FP ): 

 σFP =  
σF lim ×YNT

SF ×Kθ×YZ
 

 σFP =  
146.84×1.2013

1×1×1
 = 176.39 N/mm2 

 σFP = 176.39 N/mm2 

 

Here, 𝜎FP >  𝜎F  clearly shows that the bending stresses are 

under permissible limit. 

 

As, 𝜎FP >  𝜎F  and  𝜎HP >  𝜎H  , it shows that design is safe. 

 

4. RESULTS AND DISCUSSION 

Result shows that the design is safe under varying load 

conditions. The maximum contact stress is found out to be 

791.80 N/mm2 and permissible contact stress is 

1534.85 N/mm2. It clearly shows that the design is safe. 

Bending stress also found out to be 41.11 N/mm2 and 

permissible bending stress is 176.39 N/mm2 which means 

the design can withstand against such loads and design is 

safe. 

 

5. CONCLUSION 

In this paper the bevel gear pair is designed for gate valve 

application. Results shows that the design is safe and can 

withstand against certain loads under certain conditions. We 

have find out the maximum torque transmission capacity 

and it can transmit 75.54 N-m of torque under maximum 

load conditions. 
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