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CHAPTER  6 
 

ME 308  

MACHINE ELEMENTS II 

HELICAL GEARS 

This chapter is about special spur gears of which 

teeth are inclined to axıs of gear at certain (helix) 

angles.  

 

Such gears are therefore called helical gears. 

 

Spur gears are actually special helical gears with 

helix angle of zero degrees 



Helical gears, shown in Fig. 6.1, have teeth inclined to the axis of 

rotation. Helical gears can be used for the same applications as spur 

gears and, when so used, are not as noisy, because of the more gradual 

engagement of the teeth during meshing.  

The inclined tooth also develops thrust loads and bending couples, 

which are not present with spur gearing. Sometimes helical gears are 

used to transmit motion between nonparallel shafts too. 

Fig.6.1 Helical gears are used to 

transmit motion between parallel or 

nonparallel shafts. 
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6. HELICAL GEARS 



6.1 HELICAL GEARS  
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In  contrast to spur gears,  these helical gears can 

be used to transmit motion between non-

parallel shafts too. 

• Helical gears transmit;  

-   Power and motion between parallel shafts 

- Mainly motion between non-parallel and non-

intersecting shafts. 

• Bevel gears transmit power and motion 

between; 

- Non-parallel intersecting shafts 

- Non-parallel & non-intersecting shafts. 

• Worm gears transmit power and motion 

between; 

-   Non-parallel & non-intersecting shafts . 



• The teeth of the helical gears are not parallel to the 

axis of the gear but inclined at an angle  ψ  called 

helix angle. 

 

•  ψ   is the same for both gears (pinion and gear) but 

the hand of the helix is opposite, e.g. LH helix for 

gear and RH helix for pinion or vice versa. 

Parallel shaft helical gears 
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• The contact on spur gears was a line always from 

start of engagement to the end of engagement with a 

length equal to face width,  

 

• The contact on the helical gear tooth starts as a point 

at one corner and changes into an inclined line as 

the more teeth come into contact. It leaves the 

contact at other end of the tooth as a point again. 

Left hand 

(LH) helix 

Right hand 

(RH) helix 



• Due to the helix angle ψ  there is a 

(more) gradual engagement of the teeth 

and the smooth transfer of the load from 

one tooth to another which give  helical 

gears the ability to transmit  heavy loads 

at high speeds compared to the spur 

gears. 

 

• Due to the helix angle, at one time more 

teeth on the gears are in contact  hence 

increasing  the average number of teeth 

in contact which means the contact ratio 

of gears gets larger. 
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• Due to helix angle ψ the tooth load W will have an axial component Wa 

(thrust load) which creates axial bearing loads and also a bending 

moment on the shaft due to gear radius.  

• When Wa  becomes large it may create problems in design of the other 

machine elements such as bearings, shafts  etc. 

• In such cases two helical gears  on the same shafts but with opposite 

hands can be used to eliminate negative effects of Wa ‘s . 
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Wn Wt 

Wa 



• In such cases two helical gears  on the same shafts but with opposite 

hands can be used to eliminate negative effects of Wa ‘s . 

 

• Or a herringbone (double helical ) gear can be used to cancel effects of 

Wa  ‘ s. 

22.04.2026 7 CHAPTER 6  HELICAL GEARS 

Wn Wt 

Wa 

Wn 

Wt 

Wa 



Geometry of  helical gear tooth 

In helical gear 

geometry there are 

basically two planes: 

1-transverse (front) 

plane 

2- normal plane 

 

Transverse(front) plane 

is perpendicular to the 

axıs of gear 

Whereas normal plane 

is perpendicular to the 

gear teeth itself 



Geometry of  helical gear tooth 

For a safe and gradual, smooth 

power transmission, similar to   

3p < F < 5p   in spur gears, in 

helical gears it is recommended 

that 

xpF 2

but this is not obligatory. 
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Transverse plane 

pn : normal pitch (a-e) 

Ψ : helix angle  

px: axial pitch (a-d) 

pt : (circular) transverse pitch (a-c) 

 



Geometry of  helical gear tooth 
For  triangle  acd 


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Also a relation between 

pressure angles in normal 

and transverse sections is 

given as: 
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actiongear  helical

fortion recommenda

 a is   2 xpF 
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Force analysis in helical gears 

Since Wt  is generally known or given 

other Wi  values are calculated from Wt 
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both eqn’s (bending and 

contact stresses) of spur 

gears are valid for helical 

gears too. 

Since there are 3 components of helical gear force the axial and radial 

components create axial and radial reaction forces at bearing housings 

(to be kept in mind) 

Helical gear strength analysis 

Similar to spur gears, for helical gears too: 

- tooth bending fatigue and  

- tooth surface durability  

are the 2 failure criteria. 

- F ≥ 2px  is the third design (not analysis) 

criteria. 
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Some exceptions to the use of spur gear equations are those: 

1)  Velocity factor 
V

CK vv
20078

78


 is used for helical gears. 

2) The geometry factor is taken from fig. 14.8.a for ϕn = 20o  but with a 

multiplier (M)  

Fig.14.8.a assumes that the helical gear(pinion) meshes with another 

gear with N=75   (take J from this figure for  Ng(p)= ?) 
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Regardless of the sign, if either of the 1st or 

2nd term is larger than the 3rd term then 

replace that large term by the 3rd term. 

1st  term 

3) Calculate geometry factor I by using; 

nN

nnN

N

p

p

p





cosm 

cosp 

pitch base normal 

n 





      tgpbggbpp rrrarrarZ

Z

sin

plane rsein transveaction  of line oflength  

2222




Z

p
m

m

m

m
I N

N

G

G

N

tt

95.0
&

12

cossin









3rd  term 2nd   term 

tgbg

tpbp

rr

rr





cos

cos





 
  2/

2/

gtg

ptp

Nmr

Nmr





22.04.2026 
16 

CHAPTER 6  HELICAL GEARS 



Also if effective outside radius (reff ) of either of pinion or gear is less than 

(r +a) use (reff ) instead of (r +a).  

acr for helical gears > 0 

acr for spur gears  = 0        

Total cr= pcr + acr 

e.g.    1.6 + 2= 3.6 

Contact ratio:        
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4) Most modification and 

correction factors of spur 

gear are used for helical 

gears except: 

Use   Km = Cm  from Table 

14.1 for helical gear (not 

from spur gears) and  

CH   from Fig. 14.9 for helical 

gears   
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Calculate: 

Normal pitch 

Transverse pitch 

Axial pitch 

Normal base pitch 

Tansverse pressure angle 

Pinion pitch diameter 

Gear pitch diameter 

Example (14.1) 

A parallel helical gear set has information of: 

a LH pinion with 18 teeth meshes with a 32 teeth gear. Gear set has a 

helix angle of 25o   normal pressure angle of (ϕn = ) 20o and a normal 

module of (mn =) 3mm with a facewidth of (F=) 30 mm.        
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Example: 

Check if the helical gear set given below can transmit  1.25 kW power at 

a pinion speed of 400 rpm safely or not with a safety factor of 4 and 

reliabilty of 99 %.   Also find the tooth load components too. 

Pinion(steel)                                      Gear (CI)                                                  
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nbending=?  >4 or <4? 

ncontact=?   >4 or <4? 



Check a) surface durability of pinion and gear. 

            b) bending fatigue of pinion and gear. 

            c) recommended F ≥ 2Px  but not obligatory. 

Start with (c): 

Since F =100mm < 2Px  a 

suitable helix action does 

not occur but still can work. 

Start checking with pinion. 

Solution: 
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In     Z= 34.005 + 45.161 - 51.882=27.284mm 

 

Since neither of 1st & 2nd term is larger than the 3rd term. 

Then, 

Z= 27.284 mm 
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Assume light shock 

moderate shock 

Hertzian safety factor for pinion is more than required, that means the 

power could be safely transmitted. 

Less rigid  mounting 
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Thus bending fatigue can be checked for gear 
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Safety factor of gear for bending fatigue 
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Tooth load components: 
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Example: 
A helical gear set with speed reduction of 1.5:1, n=4  is to be designed. 

 

 Determine  the required parameters such as Np , NG  module, facewidth 

etc. of the helical gear set 

 
Pinion(steel)                                      Gear (CI)                                                  
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1)  Bending fatigue 

2) Surface fatigue   

→ check first  HBp =180 < HBg  =196 

Criteria: 
1) F ≥ 2px   

      

2)    

Solution: 
o

t

t

n 17.21
20cos

20tan
tan

tan

tan
cos 1 








 






•So start designing pinion based 

on surface contact stress.  

•After finishing design based on 

surface fatigue of pinion and      

F ≥ 2Px  check other fatigue 

failure risks.  
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Check always 1st,2nd,3rd terms; 
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mn 

 

 

 

V m/sec 

 

 

 

Cv 

 

 

 

Wtp(N) 

 

dp 

dg 

(mm) 

1st 

2nd 

3rd 

Z= 

 

 

 

I 

 

 

 

F mm 

 

 

2px 

mm 

4 0.08915 0.9739 6231.5 76.62 

114.93 

22.669 

30.106 

34.587 

18.187 

0.14782 93.8 73.5 F>2Px OK! 

Cm=OK! 

50<F<150mm 

3 0.06686 0.977 8308.7 57.465 

86.1975 

17.0018 

22.5797 

25.9408 

13.638 

0.14781 166.2 55.1 F>>2Px not 

suitable 

F is very 

Large > 

150mm 

Cm=1.6 

6 

 

0.133728 0.9684 4154.33 114.93 

172.395 

34.0037 

45.15958 

51.88175 

27.2814 

0.147832 41.926 110.2 F<2Px 

50<F 

Not 

satisfied 

Cm=1.6 

22.04.2026 37 CHAPTER 6  HELICAL GEARS 



Then we can (and you have to ) check 

safety factors for other fatigue conditions. 

1) Gear surface durability 

2) Gear bending fatigue 

3) Pinion bending fatigue                 

to see that actual contact ratio is more than 

what is required ; n>4.0?? 

Please do these calculations yourself for 

this example. 

2718
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mmFmmm
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Best solution is 

Which type of gears are these?? 

Right hand? 

Left hand? 

RH? 

LH? 



Crossed helical gears are those in which the shaft 
centerlines are neither parallel nor intersecting 

 

• The teeth of crossed helical gears have point contact 
with each other, whichchanges to line contact as the 
gears wear in. 

• For this reason they vvill carry only very small loads.  

• Crossed helical gears are for instrumental applications, 
and theyare definitely not recommended for use in the 
transmission of power 

Crossed helical gears 

Right hand 

RH 



1) Shaft centerlines are neither parallel nor intersecting 

2) They are definitely not recommended for use in the transmission of power 

but for the transmission of motion with small loads only. 

3) A pair of meshing crossed helical gears usually have the same hand (LH-

LH) (RH-RH) 

4) Tooth sizes are given in terms of normal pitch (normal module) as in 

conventional helical gears. 

5) Pitch diameter of gear is given as;  

Might be different 

CROSSED HELICAL GEARS   
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6) Velocity ratio of pinion & gear is obtained from tooth number’s of pinion 

and gear  (not from diameters). 

 

 

 

7) High sliding occurs between teeth because of crossed configuration. For 

minimum sliding velocity in crossed helical gears  ψp  and ψg  must be 

equal. If ψp ≠  ψg  the one with larger ψ should be used as driver when 

both gear have the same hand. 

8) Since the teeth are in point contact an effort should be made to obtain a 

total contact ratio of 2 or more (crt+cra=>2.0) 

different. becan    and   since     gp
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For the case where  both gears have the same hand of helix ; 

 rotations and axial forces are as shown below. 
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For the case where  both gears have the same hand of helix ; 

 rotations and axial forces are as shown below. 

FIGURE 14-11 Thrust, rotation, and hand relations for crossed-helical gears.  


