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Abstract: - The paper refers to a complex algorithm of design test stands for gearboxes. The algorithm 
pursues the optimization of the complex assembly embodied by the stand. The optimization criteria point 
to minimizing power supply, to insuring energetic balance at reversed rotation motion and to establishing 
the correct relationship between torque and angular velocity signs. The former aspect is significantly 
important for the vibration and noise regime.  
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1. INTRODUCTION 
 

Gearboxes are large-scale manufactured products 
as they are part of a wide area of technical 
constructions (all kinds of vehicles, manufacturing 
machines etc.). 

Now-days concept of quality imposed testing and 
running in of gearboxes for each unit of product. 
The test rigs are meant to drive the tested 
transmissions and to monitor a set of parameters 
among which the most important are: loading in 
different points, angular velocity of shafts, working 
temperature, level of noise and vibration.  

Gear technology is designed to insure low levels 
of noise and vibration, as much as possible, by 
means of control on diametric pitch, step, flank 
geometry and roughness etc. Still, the rig or running 
in stand is a complex construction including 
mechanical, electrical or hydraulic assemblies. 
Accurate information on product’s behavior needs a 
proper design of the stand. Energetic flow paths is 
the most important parameter which strongly 
influences the vibrations and noise of the stand.  

The entire equipment must be energetically 
balanced, especially for reversible motion 
transmissions and must be optimized from the 
standpoint of power supply and wear. 
 
2. PATH OF ENERGETIC FLOW 

 
Close-loop stands are preferred for applications 

such as high power assemblies and large series 

products because of low energy supply needed, 
small rate of wear of mechanical parts, thus, low 
costs.  

Closed-loop stands feature three essential traits, 
which make the difference to open schemes [1, 2, 3]: 

 recycling of energy (due to closed chain) 
 reversibility of energetic flow direction 
 total transmission ratio equal to 1 (even 

number of gearboxes and closing elements, 
each pair in mirror position): 
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where iT is the total transmission ratio, ij – the 
transmission ratio of section j, k – total number of 
sections. 

Mechanical reversibility is easy to achieve. Still, 
energy flow and loading can be very different for the 
two rotation directions (further on named A and B). 

The test rig contains the transmission to test, the 
return transmission, coupling assemblies between 
transmissions, special loading devices and 
mechanical elements to close the chain 
geometrically.  

Beside these basic elements there are a motor 
drive and a series of sensors and transducers to pick 
up in real-time functional data or to provide feed-
back for parameters’ control. 

 
Now days test stands include appropriate 
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software to monitor functioning, to record, stock and 
process information. 

The direction of the energetic flow depends on 
the relative position of the pinion (motor gear) and 
the wheel (driven gear). The role of pinion or wheel 
is given by the relationship between the signs of 
angular velocity and torque. Identifying the pinions 
is very important for establishing the path and length 
of energetic flows.  

The condition for a gear to be pinion is [4]: 
 
                   ( ) ( )ωsgnsgn =T ,                       (2) 
 

where T is the torque and ω - the angular 
velocity. 
 Proper functioning of the stand needs 
energetic optimization, taken into account in 
earlier stages of design. That means a 
mathematical modelling of the stand is useful 
and can provide information on assembly’s 
behaviour, including the point of view of 
vibrations.                                           
 
3. ANALYSIS AND OPTIMIZATION OF A 
    CLOSED-LOOP STAND  
 

The simplest closed-loop scheme contains a 
gearbox to test and a return gearbox. The return 
gearbox is also a test transmission in case of running 
in regime or is a built-in assembly of the stand in 
case of functional testing. The scheme is presented 
in figure 1. In both cases, the transmissions must be 
identical. The gearboxes in figure 1 contain two 
cylindrical steps and one bevel gear.  
 

Figure 1. Kinematical scheme of a closed-loop stand  
 

The external source of energy is the motor drive 
MD. The rotation from the motor’s shaft is 
transmitted to the circuit through a belt transmission 

(transmission ratio equal to 1). A special coupling 
ensures the loading TCT. On the scheme are noted 
through figures 1 to 32 the points where energetic 
and/or kinematical transforming occur. 
Symbolically, the main (ΦA and ΦB) and secondary 
(ΦCA and ΦCB) energy flows are drawn for rotation 
direction A and B. Two bevel gears (transmission 
ratio equal to 1) close mechanically and 
geometrically the circuit.  

The goal of modelling and simulation is the 
functional and energetic optimization. Functional 
optimization assumes loading at close nominal 
values for both directions of rotation. Energetic 
optimization aims to minimize the total power 
supply needed for testing or running in.  

First step of optimization seeks for the best 
positioning of the motor drive from energetic 
standpoint. The following parameters are taken into 
account [5]:  

 power supply in relation with the 
connection point jm (j – current section, m – 
current point on section j, ΦA1 – main energetic 
flow at sense A, denoted simply ΦA in figure 1, 
ΦA2 – secondary energetic flow at sense B, 
denoted ΦSA in figure 1): 
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respectively 
 
                

mmm jBjBjB TTT ,1,2, ΦΦΔ −= ,                 (4) 

where ΦB1 – main energetic flow at sense B, denoted 
simply ΦB in figure 1, ΦB2 – secondary energetic 
flow at sense B, denoted ΦSB in figure 1 

 variation of the driving torque at reversible 
regime: 
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 ratio of reversible loading on the driving 
shaft: 
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 variation of loading at reversible regime: 

 
                    jBjAjAB TTT ,,, ΦΦΔ −= ,              (7) 
 

 sum of loading variation in reversible 
regime functioning: 
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 coefficient of reversible loading: 
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The second step aims to get a loading law for 

direction B – (TCT)B=f((TCT)A) – in relationship with 
the loading law for direction A, out coming from the 
condition: 
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The numbers assigned to points of losses refer 

to:  

 bearings (points 1, 4, 6, 9, 12, 15, 18, 21, 
24, 27, 29, 32) 

 couplings (points 5, 16, 17, 28), gears 
(points 2, 7,10,13, 19, 22, 25, 30) 

 friction of gears in oil (points 3, 8, 11, 14, 
20, 23, 26, 31). 
The numerical modelling set up the following 

initial data:  
 number of calculus points: 32; possible 

positions of the motor (only on the fast section 
of the circuit) in points: 1, 4, 18, 28, 32 

 efficiency of ball-bearings: 0.99 
 efficiency of couplings: 0.98 
 efficiency of bevel gears: 0.99 
 efficiency  of cylindrical gears: 0.99 
 losses at the contact oil - gears: 0.02 
 partial transmission ratios: i1 = 3.2, i2 = 2.5, 

i3 =3.6 (total: itotal = 28.8). 
Table 1 presents synthetically the results of the 

calculus. 

 

Table 1. Values of evaluation criteria for the positions  1, 4, 18, 28, 32 of the motor drive 
Pos. Δ TA Δ TB Δ T Δ TAB1 ΔTAB2 ΨM ΣΔ TAB TA2/TA1 TB2/TB1 

1 -0.56 0.07 -0.64 -0.02 0.62 -7.43 98.7 1.57 0.92 
4 -0.96 0.37 -1.34 -0.10 1.24 -2.56 96.4 2.01 0.64 

18 -12.8 13.5 -26.3 -14.6 11.6 0.95 -37.6 1.57 0.63 
28 -0.39 0.55 -0.94 -0.80 0.14 -0.72 -105 1.59 0.62 
32 -0.37 0.56 -0.94 -0.92 0.02 -0.66 -109 1.59 0.63 

 
Table 2. Loading parameters of the optimized closed-loop scheme 

ID 
point TA/TCT TB/TCT (TA-TB)/TCT TA/TB

ID 
point TA/TCT TB/TCT (TA-TB) /TCT TA/TB

1 0.990 0.665 0.324 1.48 18 22.38 24.40 -2.020 0.91 
2 0.970 0.672 0.298 1.44 19 6.093 6.917 -0.823 0.88 

…     ...     
9 2.215 1.858 0.357 1.19 26 0.695 0.946 -0.251 0.73 

10 6.947 6.067 0.879 1.14 27 0.688 0.956 -0.267 0.72 
11 6.877 6.129 0.748 1.12 28 0.675 0.975 -0.300 0.69 
12 6.808 6.191 0.617 1.09 28 1.073 0.613 0.459 1.74 
13 24.02 22.74 1.278 1.05 29 1.051 0.626 0.425 1.67 
14 23.78 22.97 0.809 1.03 30 1.041 0.632 0.408 1.64 
15 23.54 23.20 0.339 1.01 31 1.020 0.645 0.374 1.580 
16 23.07 23.67 -0.605 0.97 32 1.010 0.652 0.358 1.54 
17 22.61 24.16 -1.550 0.93 sum 203.9 203.9 0.000  

     mean    1.13 
 

Optimization software, such as ELECTRE III 
[6], which was used for the present application 
provides a ranking of solutions. The best position  of 
the motor drive, from energetic point of view is 
point 28. 

In the second stage, relation (10) gives the 
loading law: 

 
                       TB=0.658664⋅TA.                            (11) 
 

Table 2 shows the loading parameters of the 
closed circuit after optimization of motor’s position 
and establishing of loading laws. 

Throughout optimization, a very important 
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aspect became appropriate.  
The loading is practically equal on both flanks 

of the teeth (direction of rotation A and B) along the 
hardest loaded section, points 13 to 18 (emphasized 
in Table 2 with bold figures). Along this section, the 
ratio TA/TB is within the range of (1.05…0.91). 
 
4. CONCLUSIONS 
 

The brief description of the laborious and subtle 
algorithm above, allows the establishment of 
energetic flow paths for both rotation directions and 
insures energetic optimization, mainly meaning 
loading and stress balance.  

Correct path flow is significantly important for 
vibrations regime. Experimental practice proved that 
wrong loading sign induces large amplitude 
vibrations, leading, in absence of control, to self-
destruction of the entire equipment.  

The notices in the paper are useful to all vehicle 
manufacturers, implied in automotive, train, ship and 
machining industries.  
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