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RE-ENGINEERING OF A PLANETARY SHAFT BASED ON LIFE 

EXPECTATION 
 

Costel HUMELNICU 

This paper presents two types of planetary shafts, the first Dacia 1304 Pick-up, the second, a re-

designed solution. There are also presented FEM analyses of the two planetary shafts for static and 

dynamic loadings. 

Following this study, it has been concluded that both types of planetary shafts meet the design 

requirements, including dimensions and choice of material and, theoretically speaking, have an unlimited 

lifespan, but the rod planetary shaft has several advantages: lower weight, lower safety coefficient and a 

greater durability. 
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1. INTRODUCTION 

 

Depending on the type of the vehicle and its level 

of quality, there are several kinds of transmissions: 

mechanical, hydrodynamic, combined with 

mechanical control, hydraulic, pneumatic and electric 

control etc. The mechanical transmissions are be 

found in the majority of the vehicle motor on the 

market, having multiple advantages as compared to 

the other systems, such as: reduced costs, easier 

design and execution, less expensive maintenance 

and repairing, standardized multi - brand spear parts 

etc.   

The transmission of a motor vehicle is displayed 

in Fig. 1 and it is composed of: clutch (2), gearbox 

(3), transmission box 4x4, longitudinal transmission 

(4), main transmission and differential one (5), 

planetary shaft 6), final transmission (which is used 

especially for trucks and for avoiding to overweight 

the main transmission). 

 

 
 

Fig. 1 - Simplified sketch of a mechanical 

transmission, with driving wheels on the back axle  

The planetary shaft is a part of the mechanical 

transmission of a motor vehicle and helps 

transferring the couple and revolutions, on a 

transversal direction, from the differential to its 

driving wheels. 

Depending on the weight, destination, comfort 

level, the production versions of the motor vehicles 

have two types of planetary shafts: mobile and fixed.  

Mobile planetary are usually found in the motor 

vehicles equipped with front wheel drive or rear 

wheel drive and depending on other criteria, in the 

4x4 motor vehicles. They are mainly used for 

equipping the steering wheels of the motor vehicle 

because the relative positioning between driving 

wheels and differential is modified on multiple 

directions: longitudinal, transversal and sideways, 

and their characteristics help them accomplish their 

purpose, without influencing their performances 

significantly. 

When designing the planetary shaft, the designer 

has to take in consideration several factors, such as: 

high mechanical resistance, the highest possible 

elasticity modulus (for reducing deformations and 

amplitude of vibrations) for the long shaft, easy 

design and execution, with reduced costs.  

The materials that mainly meet these conditions 

are nodular grey cast irons, because they attenuate 

the vibrations well, take over deviations from the 

norm, tolerate the effect of the stress concentrators 

etc. These materials are not appropriate in 

constructing the rigid planetary of the motor vehicle 

because they lack resistance to shock and torsion, 

combined with high angular speeds.  
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Finally, for constructing rigid planetary shaft, 

which equips the majority of motor vehicles, steels 

are used, but they have to be treated and improved:  

 quality steels, exposed to treatments of 

tempering or quenching for increasing their strength 

limit (over 800 MPa) and the superficial hardness of 

the journal. Here are included: C45, C50, C60. 

 low alloyed steels, such as 30Mn16, 

33MoCrNi11, 31MoCr11, 34CrNiMo6, are used in 

equipping the low and medium class vehicles (where 

a light mass is necessary) and the trucks, buses, cars 

with special destination, because they are exposed to 

high requirements. [1] 

 

2. INITIAL DESIGN FOR THE 

PLANETARY SHAFT OF DACIA PICK-UP 

 

In 1975, the Romanian factory “Dacia” – Pitesti 

brings out on the market the first of light class vans, 

inspired by Renault 12 model, made and developed 

by the French from Renault. The Romanian model is 

built in multiple versions and named “Dacia Pick-

Up” - the ones with front wheel drive were “Dacia 

1305 Pick-Up”, and those with rear wheel drive were 

“Dacia 1304 Pick-Up” (Fig. 2). Both models were 

produce based on the platform of Dacia Berlina 1300 

and had the maximum capability of loading of 800 kg 

[6]. 

Dacia 1304 had rear wheel drive on a rigid axle 

and the transmission from the differential to the 

wheels was made through the rigid planetary shaft.  

This was made of a steel rod, having at one end a 

grooved made of 28 splines measuring 45 mm and a 

outdiameter of 30 mm, while at the other end a flange 

of 160 mm diameter, where there are found: six holes 

for catching 10 mm, 2 Threaded holes for extracting 

M8 screws, a sealing collar and three slots for 

centering and support. The diameter of the rod was of 

28 mm and the total length was 740 mm.   

Figure 3 shows the drawing of planetary 

design that connects the differential with the driving 

wheels of the back axle of a Dacia 1304 from 1975. 

 

 
Fig. 2. Dacia 1304 Pick-up [6] 

 

Starting from 1992 – 1993, the Dacia Pitesti 

factory has tried re-designing (a “facelift”) the Dacia 

1304 Pick-Up, taking in consideration the aesthetics 

and the mechanics. When it comes to the mechanics, 

the side transmission was introduced on another type 

of planetary.  

The new planetary was „rod‟ type, having the 

total length of 680 mm. At the end it enters in the 

wheel hub, it had a grooved sector with the length of 

30 mm, 28 mm diameter and 25 splines. At the other 

end, the part that enters in the planetary pinion 

grooved hub (built in the differential), there is 

another grooved sector with the length of 45 mm, 24 

mm and 21 splines (Fig. 4). 

 

 

 

 
Fig. 3. Drawing for planetary ”with flange”  

 
Fig. 4. Drawing for ”rod planetary” 
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3. RE-ENGINEERING THE ROD 

PLANETARY 

 

Requirements for the planetary shaft 

The criteria of resistance are taken into 

consideration starting with the design phase of 

pieces, as they are subject to various stresses, which 

can occur during the actual functioning of the 

product. These tresses are dynamic. 

First step is to consider a virtual case of static 

load. 

In the case of automobile planetary, functioning 

of materials is considered under normal temperatures, 

which are significantly lower relative to the 

occurrence of the creeping phenomena (>350
o
C for 

steels) and higher relative to the moment when 

modifications happen in the crystalline structure (C < 

-100
o
C). 

For the calculations regarding static stresses, 

the limit characteristics of the materials are 

considered. These limits are: breaking limit (σr); yield 

limit (σc) – where permanent strain must fall within 

0.1% - 0.2%; elasticity limit (σe) – where permanent 

strain must be lower than 0.01%; proportionality 

limit (σp) under which the stress is directly 

proportional to the strain [2]. 

For the two types of planetary which were 

used for Dacia 1304 Pick-up (the rod type with 

splines at both heads and flange type), the bending 

moments must not be calculated because this 

planetary is completely discharged, as between the 

wheels hub and deck are fixed radial axial bearings, 

which take these charges. 

 
Fig. 5. Sketch of placing the planetary with flange, 

completely discharged [5] 

 

Figure 5 schematically shows the 

assembling of a rigid planetary with flange, totally 

discharged of bending moments. This includes: 1 - 

differential, 2 - planetary pinion, 3 - rigid axle, 4 - 

planetary, 5 - radial axial bearings, 6 - supportive 

bearings of the differential, 7 - planetary flange. 

The rigid planetary shaft is used to transmit 

the movement from the differential to the driving 

wheels of the vehicles equipped with a fixed deck. 

These are joints at both heads: at one end with 

planetary pinions, which get in the components of the 

differential (through spline assembling), and at the 

other end with the wheel hub (through spline 

assembling or flange).  

The dynamic stresses are difficult to be 

calculated in the case of vehicles, as during their 

functioning, forces, moments and angular speed at 

which they function can change suddenly, repeatedly 

and randomly. In this case, shock stress could 

happen. 

These situations are encountered at the 

movement when the vehicle starts suddenly from a 

steady position with a fast clutch loosening, at 

sudden braking, which leads to wheel blocking and 

without pressing of the clutch, at wheel skidding 

caused by lack of adherence followed by a surface 

with high adherence, etc. In these scenarios, the 

kinetic energy of the whole system could be 

transform into deformation energy of the planetary 

shaft, as they are the thinnest part in the transmission 

chain [3]. 

Cyclic stresses are the most common stresses 

on vehicles. These are theoretically composed of 

more types of stresses with constant amplitude and 

they repeat a finite number of times (Fig. 6). They 

are produced in all functioning regimes of cars: 

movement of the vehicle from a steady position, 

during movement – neither rectilinear nor non-

uniform, at fast accelerations, while braking, etc.  

 

 
Fig. 6. Variation of the cyclic stresses [4] 

 

In Figure 6, one can notice how many sinusoids, 

each one representing a stress cycle, are grouped, 

together forming a stress “block”. Notations are: ni – 

groups of stationary cycles; σa - amplitude of stress on 

the block ni. 

Fatigue resistance is influenced by many factors, 

such as: the quality of steel, the asymmetry 

coefficient of stress cycle (R), the type of 

solicitations, the absolute dimensions, sectional 

variations, work environment. It is important to know 

these designs of the pieces because they are 

necessary for calculating their dimensions. In order 

to verify the design, the engineer has to know the 

recommended admissible values and it will 

determine the safety coefficient in dangerous 

sections: diameter leaps, holes, plugs, grooved 

apparatus etc.  

The safety coefficient at fatigue for different 

materials is found in tables, in specialized 

encyclopedias or is calculated with one of the 

formulas: 

R piece

max

s





                         (1) 

where R piece  is the resistance at fatigue for a 

variable solicitation; max is the maximum stress 

produced in the piece. 
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More often in design engineering, is it used in the 

safety coefficient is introduced for R=constant. 

The calculus at fatigue for a piece or an ensemble, 

exposed at variable load in time is important also for 

determining the safety coefficient value at unlimited 

durability [4].  

For simplifying the calculus of the life span of 

some metallic pieces, which are exposed at variables 

load, are used diverse criteria of calculus, such as the 

Miner-Palmgren criterion. 

If a metallic piece is exposed at variable load in 

time, these would act on it physically damaging it. 

These damages can be section shrinking or 

appearance of cracks.   

In the case of load formed of cycles with different 

amplitudes, the most used criterion of calculus is that 

of linear accumulation of damages, also named the 

Palmgren-Miner one (Fig. 7). Specifically, this 

principle suggests that, in case of a variable load, 

where many cycles exist with different amplitudes, 

during a cycle there are produced the same damages, 

no matter how many times these are repeated, and 

there does not exist influences between the cycles. 

[7] 

 

 
Fig.7. The graphic representation of Palmgren-Miner 

principle [7] 

 

The formula of calculus of the damages in the 

Palmgren – Miner principle is: 
n

i

ii 1

n
D

N

                            (2) 

where Ni is the number of cycles at which the piece 

breaks, ni is the number of cycles that affect the 

piece, having the amplitude of σai.  

In theory, it is considered that the piece breaks 

when: 
n

i

ii 1

n
D 1

N

                      (3) 

The Palmgren-Miner linear criterion, because of 

its simplicity, is highly used by designers, being 

integrated in specialized software. The main 

disadvantage is given by the fact that this is based on 

probalistic data, which regulates a non-linear 

phenomenon and follows certain experiments [7]. 

The durability in the automobile domain  

If one looks back, until few years, at the 

beginning of the World′s Crisis in 2009-2013, there 

were not any big changes from the mechanical point 

of view of the motor vehicles worth revolutionizing 

this domain. Not even after the end of the Crisis there 

did not happen anything significant, but, the most of 

the builders focused on building electrical cars (even 

though it is not a new domain), which needs another 

technology and a new functioning concept.  

Mechanical principles, which are at the base of a 

motor vehicle functioning (motor principle, the 

transmission, direction and main principles), are the 

same, from their invention many years ago. 

Everything which was built after that is only an 

improvement of these systems, which is continuing 

today as well. The only modifications worth 

discussing are the level of the car body, its comfort, 

fuel consumption etc. 

If there did not appear any modification in the 

mechanical principles, it does not mean that the 

automotive industry has stopped, but that it 

concentrated on improving components and also on 

developing fabrication technologies, introducing new 

materials, design methods etc., all of these inducing 

an increase of the motor vehicles durability and 

safety. 

The factors which influence the motor vehicles 

durability can be the design, manufacturing or the 

exploitation. 

The factors which contribute to the motor 

vehicles durability refer to design, exploitation and 

maintenance. 

In the case of exploitation, the main factor is the 

vehicle driver, the quality of the road system, the 

loading etc. 

Maintenance has an important role in extending 

the pieces life span because these measures can 

prevent damages. The repair consists of eliminating 

the malfunctions by repairing the pieces with 

problems or by replacing them, preferable with 

original ones, this helping the motor vehicles 

durability to increase. [5] 

 

Analysis of durability 

SOLIDWORKS is a soft developed by Dassault 

Systems and has a design program CAD 3D that has 

the ability to shape and simulate by the help of the 

finite element method, it analyses fatigue, different 

requests from the designer, assembling multiple 

sketches, transposing in 2D the elements and 

assembling etc.  

 
Fig. 8. The execution of splines, blunts 
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SOLIDWORKS 2016 [8] has been used for this 

study. The sketches were done (Figs. 3 and 4), the 

components were extruded, the grooves and splines 

were executed (on both sides for the planetary 

flange) (Fig. 8). The selected material was a low 

alloyed steel as that for the other planetary shaft, 

according to the original sketches. The final projects 

are shown in Figure 9. 

 

Table 1. Mechanical properties of steel grade 

34CrNiMo6 

Mechanical properties of steel 34 CrNiMo6 

Property Value Units 

Elastic modulus 210000.0031 N/mm^2 

Poisson ratio 0.28 N/A 

Shear modulus 79000 N/mm^2 

Mass density 7800 kg/m^3 

Tensile strength 1200 N/mm^2 

Yield strength 1000 N/mm^2 

Thermal expansion 

Coefficient 

1.1e-005 /K 

Thermal conductivity 14 W/(m·K) 

Specific heat 440 J/(kg·K) 

 

 Static loads 

For simulating fatigue, static loads are initially 

required. Thus, the first step is choosing the material 

used from SOLIDWORKS library. For this study, 

34CrNiMo06 steel grade has been chosen, having the 

properties mentioned in Table 1. 

The next step is fixing the pieces on the spot they 

are binding – for the planetary with flange, in the 

three cuts on the exterior diameter of the flange (Fig. 

10) and for the planetary whit rod type, on each side 

of the grooves of the wheel hub. 

The third step is applying the moments of torsion. 

When it comes to the splines, the forces that create 

the torsion are applied on their lateral side (Fig. 11) 

in the way given by the rotation from the engine 

through the other gear train. Then, the values are 

introduced. For a better precision of the results given 

following the comparison between the two 

 planetary shafts, the same values have been applied 

for the moments of torsion and the same direction, 

values being taken from the dynamic calculus of 

Dacia 1304 , MTmaxR = 1213 N.m. 

 

 
Fig. 10. Fixation on the cuts of the flange  

 

 
Fig. 11. The application of the momentum on the 

flanks of the splines 

 
a) The planetary whit flange 

 
b) The planetary of rod type 

Fig. 9. Applying the torsion momentum 
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a) The planetary whit flange      

       
b) The planetary  rod type 

Fig. 12. The results of the static load (von Mises stress 

distribution)  

 

Figure 12 shows von Mises stress distributions for 

static loads. The simulation of fatigue is executed in a 

similar way. First, the two planetary shafts are exposed 

to constant cycle load, then to variable cycle loads (stress 

blocks). 

As one may see from Figure 12, the von Mises stress 

values are under the yield limit of the chosen material. 

Other important criteria that must be taken in 

consideration when designing a piece are strain 

distributions caused by loading (Fig. 13). 

Another result from the simulations of static load is 

that they show the values of displacement that is 

observed in the tested (Fig. 14). 

SOLIDWORKS can evaluate the safety factor of the 

projected piece from the projecting phase. The safety 

factor of the tested piece is displayed in Figure 15. 

  
a) The planetary whit flange       

 
b) The planetary  rod type 

Fig. 13. The results of strain distribution equivalent 

 

After exposing the designed pieces to static load, it 

can be seen that these meet all the necessary 

requirements (equivalent stress, strain, displacement and 

safety factor), thus, this information may be used for 

analyzing their durability. 

 

Constant cyclic load 

For checking durability of the pieces, after static load 

exposure, a new simulated test is done on the piece, this 

time checking the constant and variable cyclic loading. 

The first step is doing the calculus for the variable 

cyclic load, which have the following results: equivalent 

stress distributions for Soderberg method and unlimited 

lifespan. The next step is setting the S-N curve (stress – 

number of cycles), which is defined for each material 

from the program's library (Fig. 16).  
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a) The planetary whit flange       

 
b) The planetary  rod type 

Fig. 14  Results for displacement (static load)  

 

For the current study, the results that are in our 

interest are those for damage, lifespan and safety factor.  

The damage shows the percentage characterizing 

each point of the piece that is destroyed at the end of the 

lifespan. Because it has been set on “unlimited lifespan”, 

it can been see from the calculus (Fig. 17) that the 

damage percentage does not increase over value 1, for 

none of the two planetary shafts, value over which it is 

considered that the piece is damaged. 

 

  
a) The planetary whit flange                

 
b) The planetary  rod type  

Fig. 15 Results for the safety factor  

 

   
 Fig. 16. Selecting S-N curve  
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a) The planetary whit flange      

  
a) b) The planetary  rod type 

Fig. 17. Results for damage 

 

The results of the calculus are shown in Figure 18 for 

establishing the minimum lifespan of the two planetary 

shafts. It can be seen that, for the both of them, the 

minimum lifespan is over the value of 10
6
 cycles, this 

value being the trashgold to unlimited life. 

 

Variable cyclic load 

The vehicles planetary shafts are put under different 

tests of loading, but the most dangerous ones are the 

cyclic ones, the reasons being highlighted above.  

SOLIDWORKS Program has in its own library a 

standard SAE curve, characteristic of the transmissions 

of the motor vehicles. In Figure 19 it can be seen this 

curve and that a block is made of 1707 cycles, and that 

the tensions are multiplied with a calculated scale factor, 

for including them in the limits the program is imposing.  

The results from the study of the variable cyclic load 

are for destruction and lifespan. 

  
a) The planetary whit flange  

 
 

    b) The planetary  rod type 

Fig. 18. Results used for lifespan 

 

 
Fig. 19. The S-N curve for variable solicitation of 

vehicle 
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a) The planetary whit flange                                                             

 
b) The planetary  rod type 

Fig. 20.  Result for the safety factor 

 

SOLIDWORDS gives the possibility to see if the 

designed piece can stand all of the loading it has been 

put to, without damaging, and Figure presents both of 

planetaries, the results being much over 1, value at 

which it is considered that the piece gets destroyed.  

Following the simulated test, the given results for 

damage (in percentages) for both of the planetary shafts 

are much below 100%, where it is considered that the 

piece is not destroyed (Fig. 21). 

In Figure 22, one may notice that the minimum 

lifespan is over the value of 10
6
 cycles, thus it can be 

assumed that it has unlimited lifespan. 

Another result from running the project of the 

drawings with the help of SOLIDWORKS Program is 

that it shows, at the end, a detailed report with all the 

properties of the designed pieces.  

 

Table 2 – Results for both of planetary 

Design solution Mass 

(kg) 

Volume 

(m
3
) 

Weight 

(N) 

Planetary shaft 

with flange 

5.56 0.000713 57.51 

Planetary shaft 

with spline 

2.83 0.000363 27.74 

  
a) The planetary whit flange        

 
b) The planetary  rod type 

Fig. 21 Results for damage percentage 

 

Table 2 presents the weight of the two types of 

planetary shafts, where it can be clearly seen that the rod 

planetary is half of the weight of the flange planetary 

shaft. 

 

4. CONCLUSIONS 

 

The purpose of this study was to compare two 

different types of planetary shafts under different 

loadings, for establishing their durabilities. 

The idea that inspired this study was from the first 

planetary shaft used for the lateral transmission of the 

Dacia Pick-up motor vehicle, with flange, which had an 

inconvenient, for which it has been replaced.     

After drawing the two types of planetary shafts in 

SOLIDWORKS, using the actual shape and 

characteristics, the author runs simulations for different 

loadings, which can recreate the response of the virtual 

re-engineered pieces in actual life.  

As one may see from the given results, both of the 

planetary shafts have passed the tests and are certified 

with unlimited lifespan, thus they have been well 

designed.  
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a) The planetary whit flange        

                 

 
b) The planetary  rod type 

Fig. 22 Results for lifespan  

 

However, after doing these simulation tests, the 

author considered the “inconvenient” that took to 

replacing the flange planetary shaft with the rod 

planetary one, being related to the weight. As one could 

see, the rod planetary has approximately half of the 

weight of the other. From this, numerous advantages are 

in favor of using the lighter planetary shaft: first of all, in 

terms of finance (lower weight, simpler production = 

lower cost), if the planetary shaft is smaller, then all of 

the other elements of the transmission (differential, the 

wheel hub) have been re-designed, lowering their 

weight. All of these take to lowering the total weight of 

the motor vehicle and increasing its capacity of loading. 

Using a design software has multiple advantages, 

such as: using the program is very easy and accessible, 

not taking a lot of specialists to run it, in any phase of the 

design, including the drawings a segment can be re-

designed and even the whole piece, without need to re-

do the work; the design and, most important, the testing 

of the pieces accessible from the designing phase; a 

library with a wide variety of choices for the material, 

incorporating their properties; the creation of a detailed 

report that contains all the information about the 

designed piece etc. 

Following this study, it has been concluded that both 

types of planetary shafts meet the design requirements, 

including dimensions and choice of material and, 

theoretically speaking, have an unlimited lifespan, but 

the rod planetary shaft has several advantages: lower 

weight, lower safety coefficient and a greater durability. 
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