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ABSTRACT 

This paper presents a comparison between electrohydraulic and electromechanical variable speed 

drives based on the principle of function of each solution and also on their applications in driving 

sugar mills. Many advantages of electro hydraulic drives are addressed, including also the possibility 

of upgrading the torque, speed and power of each individual drive. Measurements taken at Ferrari 

factory are analysed, such as power consumption in the whole tandem equipped with the individual 

drives and its results, considering the operational data, number of mills, their type and size, are 

really impressive.  Partial upgrading of the drives in Pantaleon sugar mill and the project to fully 

upgrade the existing drives in Monte Rosa Sugar Factory are also shown. It is concluded that the use 

of electrohydraulic drives offers a very efficient operation of the mill and the possibility of upgrading 

the torque speed and power of the existing individual drives. 

INTRODUCTION 

Modern sugar mill drives are of variable speed type, where the prime mover is an electric motor. In 

case of a variable speed electro-mechanical drive (VSAC), an AC induction motor with 4 poles or 

more is used in combination with a gearbox. A helical gearbox with parallel shafts or a planetary 

gearbox is used for speed reduction. The variable speed of the drive is achieved by means of a 

frequency converter controlling the magnetizing flux and mechanical torque of the electric AC 

motor. 

In the case of an electro-hydraulic direct drive (HDD) (figure 1), the prime mover is a 4-pole AC 

induction motor. The electric motor is connected to a variable displacement pump that delivers an 

oil flow to a low speed high torque hydraulic motor, mechanically connected to the driven mill shaft. 

No gearbox is used. The variable speed is achieved by controlling the oil flow from the pump to the 

hydraulic motor. The main components of the power unit are an electric motor and a variable flow 

hydraulic pump, together with a tank and hydraulic accessories such as valves, coolers, filters, etc. 

The high torque hydraulic motor is mounted directly on the shaft of the machine being driven. The 

piping allows for free positioning of the power unit with respect to the motor, although 

consideration must be given to distance between these main operating components. The machine 

control system allows for monitoring of the operating parameters, as well as for automation of 

operations of the milling unit and the entire tandem, thus ensuring maximum operating torque and, 

consequently, maximum extraction. 



                               

      Fig. 1. Main components of the electro-hydraulic drives 

Figure 2 shows various options for driving the sugar mill with individual electrohydraulic drives. 

    

 



  

Fig. 2. Various ways of driving the sugar mill 

OPERATING RANGE 

The HDD drive can operate continuously throughout the entire speed range, up to approximately 

200% of the rated torque from zero to full speed. The only limitation is the installed power (same 

limitation as for a VSAC drive). An electro-mechanical variable speed drive can operate continuously 

at its rated torque at the rated speed. For a self-ventilated motor at reduced speed, the permitted 

continuous torque is reduced. At very low speed, max 70% of rated torque is allowed. Higher 

continuous torque can be achieved if forced cooling is installed on the motor. A torque above rated 

is time restricted. 

STARTING TORQUE 

The starting torque for an electro-hydraulic direct drive depends on the size of the drive but it is 

normally 200-300% of the rated torque. The drive can operate at zero speed and maximum torque 

without any time restrictions. There is no risk for over-heating of the drive. The starting torque for 

an electro-mechanical drive is approximately 200% of rated torque. This max torque is allowed for 

a few seconds only due to the risk for over-heating of the electric motor. For longer duration at high 

torque, the frequency converter and AC motor must be over-sized. 

MOMENT OF INERTIA 

With an electro-hydraulic direct drive, it is only the hydraulic motor that is mechanically connected 

to the driven shaft. As no gearbox is used, this type of low speed motor will generate a very low 

moment of inertia. With an electro-mechanical drive, both the electric motor and the gearbox are 

mechanically connected to the driven shaft. As the electric motor is running at high speed, this type 

of drive generates a very high moment of inertia. Inertia for a VSAC drive can be up to 1000 times 

higher if compared to an HDD drive. In case of sudden shock loads, the moment of inertia will 

generate an additional torque on the driven mill shaft. This torque can be higher than the drive 

torque and can cause a lot of problems and high maintenance cost if the drive and the application 

are not sized for it. As the electro-hydraulic direct drive has a low moment of inertia and a fast 

reacting hydraulic system, the shock loads are effectively prevented. Another advantage is also that 

in case of emergency stops, the drive reacts immediately, much faster than an electro-mechanical 

drive. This is a very important factor for people working around the mill. 



LOAD SHARING 

The working principle of HDD drives allows 100% load sharing without any need for additional 

special equipment. In case of VSAC drives, the synchronization of movements is much more 

complex. Extra torque and power to the mill can be easily added by installing an additional motor 

on the other side of the same shaft (top roll drive for example) or installing an additional motor to 

any shaft keeping pinions. 

FREQUENT STARTS AND STOPS 

As the electric motor is running continuously at its asynchronous speed and the speed of the drive 

is controlled by the pump oil flow, an electro-hydraulic drive can start and stop as often as required 

without any restrictions. There is no risk for over-heating of the electric motor. With an electro-

mechanical drive, the electric motor has to start and stop. Because of that fact, there is a risk for 

over-heating of the electric motor. The number of starts and stops is restricted and the time 

between starts and stops must also be considered. This is a drawback with this type of drive and 

must be looked at when sizing the drive. 

COMPARISON OF EFFICIENCIES 

Efficiencies refer to the ratio between the power transmitted to the mill and the total electric power 

consumed by the drives and their accessories. The main values used to calculate the total efficiency 

of the VSAC drives are the efficiency of the AC motor and VSF drive, which can be found from the 

suppliers of the corresponding drives, gear box efficiency, power used for air conditioning of VSD 

cabinet, power consumption by the cooling system for the gear box plus the power used for the 

electric motor force cooling.  There are many comparisons of efficiencies of the VSAC and HDD 

individual drives, mostly made by the manufacturers or users of the VSAC drives, concluding that 

VSAC are more efficient and sometimes even demonstrate very high differences. In his comparison, 

Goel [1] gives the total value of  efficiency for VSAC drives as 84.6%. without taking into 

consideration the power used for air conditioning and gear box and electric motor cooling. De 

Vicenze [2] reports efficiency as 90.4 %, without taking into consideration the efficiency of VFD and 

the power consumed by air conditioning for the VFD cabinet and power consumption for cooling 

the gear box and the electric motor. Some manufacturers of sugar mills consider VSAC drive 

efficiency at 76% as the typical medium value [3]. A very big difference in making these comparisons 

is the efficiency of the planetary three stage gear box. Some authors follow the 97.5% value, which 

is only for one stage. De Vicenze considers efficiency as 93% and Goel as 90%.  

Figure 3 shows the results of the analysis of total efficiencies of the VSAC and HDD drives, based on 

the ABB drive size program for VFD, for the range of working speed and torque between 50 to 100%. 

  

                                                         Fig. 3. Comparison of efficiencies 

          VSAC DRIVE EFFICIENCY HDD EFFICIENCY

   TORQUE TORQUE

SPEED 50% 75% 100% 125% SPEED 50% 75% 100% 125%

50% 69% 73% 78% 79% 50% 75% 78% 80% 79%

100% 79% 82% 85% 85% 100% 77% 81% 83% 83%



 

From Figure 3 it can be seen that for the full torque and speed the efficiency of VSAC drives is 2% 

higher than the efficiency of the HDD drive, but upon reducing the speed the efficiencies of the HDD 

drives are higher. The most important thing is how the power delivered to the mill is used when 

operating the mills with both types of drives.  

Goel [1] compared total power consumption for the same level of reduced mill extraction (+96.5) 

for various types of drives, concluding that the Innovative Energy Efficient Milling Train (preparation 

plus milling) developed by Isgec company driven by individual electro mechanical drives has the 

lowest consumption of 12.0 kW per ton of cane/h (at fibre of about 14.5%) and is the most cost-

effective solution for throughputs in a range of 150 to 500 tons of cane per hour. Measurements 

made by the authors of this paper in Ferrari Sugar Mill allowed determining the power consumption 

in the total tandem per fibre milling rate during last season 2018 (Figure 4 and 5 and table 1). Ferrari 

Sugar Mill, located in Brazil, operates with five mills of the following sizes Mill 1- 1270 x 2134 mm, 

mill 2 – 1168 x 2134 mm, mills 3 to 5 – 1069 x 1981 mm. Mill 1 was added to the tandem for season 

2018. The tandem is fully automated, being driven by electrohydraulic drives which allow the 

registration of mill-working parameters and a very fast reaction of the mill upon changes in the load 

(very low drives inertia). Mills 2 to 5 are driven with individual independent drives where the fourth 

roller is moved by pinions from the top roller and mill 1 has ,additionally, the individual drive on the 

fourth roller of 1200 mm diameter. 

     

 Fig. 4. Total power registered in each mill and the          Fig. 5. Mean reduced extraction, total   

              specific whole tandem                                                power and crushing rate -24 days 

 

 Table 1.  Mean values of reduced extraction, fibre and power on each mill. P1s, P2s, P3s, P4s and 

P5s specific powers of the mills 1 to 5 and Tot Ps specific power for the whole tandem (kW)    

 



Considering that total efficiency of the electro hydraulic drives equals to 78%, as stated by Goel in 

his paper and if the total specific consumed electric power for one selected day in Ferrari is 42.31, 

the average power consumed per tandem is equal to 7.30 kWh/tons of cane for 96.5% of reduced 

extraction and 13.47% of fibre or 54.24 kWh/tons of fibre.  If we take into consideration the type of 

the mills (four roll mills), number of mills (five) and their sizes, the operational results from the table 

1 and additionally poor preparation index as 85% and moisture content during the season about 

48% the value of average electric power per tandem is really very good result. 

COMPARISON OF DIMENSIONS AND THE WEIGHT OF THE DRIVES. 

Figure 6 shows a comparison of the space around the mill, in the case of both drives. The drawing is 

made in scale for an 84” mill. The power unit can be located at any free space away from the mill, 

in a different level, leaving free space around the mill. 

                

                          Fig. 6. Space around the mill in case of VSAC and HD drives 

There is also a very big difference between the dimensions and weights of planetary gear boxes in 

comparison with the hydraulic motors. Fig. 7 shows the dimensions and weights of hydraulic motors 

and their nominal torque, defined for the working pressure as 200 bar. 

 

CBM2000           CBM3000        CBM4000            CBM5000            CBM6000                  CBM800 
L=854  L=965            L=1083             L=1201              L=1320        L=1320   
4.1 Tons 5.0 Tons          5.8 Tons              6.7 Tons              7.5 Tons                     9.6 Tons 
Tn = 359 kNm 538 kNm        718 kNm              897 kNm              1077 kNm       1435 kNm                
                                                                                    

Fig. 7. 



If we compare the dimensions and weights of HDD with a VSAC drive we can note that hydraulic 

motors are many times smaller and lighter than the planetary gear boxes. All hydraulic motors can 

be mounted directly on the shafts of the mill. The double torque arm design allows eliminating the 

transversal force generated on the mill shaft and also compensates the weight of the motor itself. 

The planetary gear box needs a special foundation, while the hydraulic motor needs only to fix the 

double torque arm to the floor. Let’s compare the top roll drive for the 96” mill, where the nominal 

torque requested by the client (Monte Rosa Sugar Mill) is 2100 kNm. The HDD solution is using two 

CBM6000 motors of 7.5 tons each. The planetary gear box for the same capacity has a weight of 

about 60 tons and the external dimensions, which require to partially dismounting the gear box to 

be able to install it in the factory. In the case of the assist drive for the same factory, the CBM3000 

motor can be selected and the corresponding foot mounted gear box has a weight of 15 tons – three 

times more.  

RENEWING AND UPGRADING OF THE HDD DRIVES. 

The design of the electrohydraulic drives enables to modernize and upgrade the capacity of the 

drive as torque, power and revolutions. The partial renewal of the electro hydraulic drive consists 

of changing only the pump and the hydraulic motor of the existing drive, leaving all other elements 

and components of the drive in the power unit, including the electric motor. The cost of this 

arrangement is 60% of a totally new drive. In many factories the existing MB1600 motors were 

exchanged for a CBM 2000-1800 or even for a CBM2000-2000, obtaining higher torque capacity in 

12.5 to 25 %. In order to upgrade the capacity of the existing drives by 50% considering the torque 

and the power, the additional power unit can be added to the existing one and a new motor of 

higher capacity can be installed on the same shaft where the old motor was installed. This kind of 

arrangement was done in Pantaleon sugar mill, where the old MB 1600 motors and one MB2400 

motor were replaced by new CBM2600 motors and new smaller power units were added to the 

existing ones. When the sugar mill has already new CBM family motors and there is a need to 

increase the torque capacity (Monte Rosa Sugar Mill), an additional section of the motor can be 

added to the existing one. Figure 8 shows the existing motor CBM 2000-1800 motor and its 

conversion to CBM3000-2800 motor. 

                                                                      

                           Figure 8. Conversion of CBM 1800 motor to CBM 2800 motor. 

All the motors shown in the Fig 7 are built in the way that having different size of the motors it is 

only needed to have one cam ring and one cylinder block as a spare for all motors. 



CONCLUSIONS 

For a sugar mill application, the electro-hydraulic direct drive has many advantages compared with 

the electro-mechanical drive. Example of advantages are: space saving (free space around the mill), 

no foundations, low weight and small dimensions – easy to handle, low speed high torque capacity, 

very low moment of inertia, instant torque limitation, unmatched stopping time in case of 

emergency, unlimited starts/stops and reversals. 

The overall efficiencies for the operating speed and torque are similar in the two types of drives. 

The electro-hydraulic direct drive offers though, a more efficient mill operation considering the 

possibility of automation of operation in a very accurate way. 

Upgrading of the HDD existing drives (torque, and power) can be easily done. 

Savings in building and foundation cost must also be taken into consideration when comparing the 

drives. No foundation is required for an electro-hydraulic direct drive. 

ACKNOWLEDGEMENTS 

We thank Bosch Rexroth Sweden for their interest in the research made in Ferrari Sugar Mill and 

the corresponding economic support. Special thanks to the Ferrari Sugar Mill authority for making 

this research possible. Thanks to Mr. Enio Troiani from Bundaberg Walkers Engineering for sharing 

with the authors his analysis of the VFD efficiency based on the ABB drive size program. 

REFERENCES: 

[1] Goel, D.K. & Kharbanda, J.K. Innovative Energy Efficient Milling Train,  Proc. Int. Soc. Sugar Cane 

Technol., Vol. 28, 2013 

[2] Giuseppe De Vincenzo (BREVINI Italy), Sunil Dongre (BREVINI India). Sedl Jay Mahesh Sugar Mill 

Case Study. 

[3] Hydraulic vs. Electromechanical Drives Presentation (BFEL – 2005) 

 


