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Abstract

Operation of sugar mills with individual variablpe®d drives corresponds to propulsion
of each roll of the sugar mill independently byotle-hydraulic variable speed or electro-
mechanical variable frequency drives. This papesgmts the results of the tests carried
out in Santa Isabel sugar mill in Brazil, when el roll mill of four mill tandems was
driven by four hydraulic motors of the same sizey bf them mounted on the both sides
of the top roll and one of them on each inferidt. b was found that the best way of
operating the mill from a mechanical and operatiquant of view is to keep the torque
distribution between the rolls (pressure in therhullc systems) at 50, 25, and 25 %.
This arrangement has the advantage of using matotke same size, providing the
optimum application of the torque to the mill. Cgugon of the mill with higher cane roll
speed in relation to the top roll speed and lovwaggdase roll speed, gives better feeding
of the cane to the mill and lower reabsorbtion. &mse of the variable speed of the drives
and different speeds of the rolls, the mills cdoddoperated with almost constant torques
on each roll. The numerical operational resultshef tandem as capacity, extraction and
power consumption are very impressive.
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Introduction

Individual direct drives refer to the separate pitsjpn of each mill roll by a drive placed
directly on the shaft of each roll. The first mditiven with this method was reported in
Cuba (Abon, 1986) when the results of torque distion on the rolls, depending on the
relative speeds of the inferior rolls in respectthb@ top roll, were presented. This
installation was the result of the collaborationMihistry of Sugar (MINAZ) and the
Hagglunds company starting with the introductiontioé first high torque hydraulic
motors in Cuba in 1976. At that time, the drive wasmed by Hagglunds hydraulic
motors and the one stage planetary reducers that gae to a Hydrodrive of the
Mannesmann Rexroth company, where high speed hydraotors and three stage
planetary reducers from the companies belongintiitoconsortium were combined. A
similar work was presented 10 years later in MexXMafioz and Lewinski, 1996). In the
1980s Hagglunds developed higher torque hydraubtors, allowing driving mill rolls
individually, and eliminating the need for plangtaeducers. The German company
Flender, well known manufacturer of gear redudetspduced into the market a Hydrex-
Planurex system, combining a high torque hydramidor of their own manufacture and
a one-stage planetary reducer. These high torqadeahlc motors with and without
planetary reducers were very well received in tharketplace due to their great
advantages:
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Partial or full elimination of conventional gearsdacrown gears.

Elimination of the tail bar.

Reduced space required.

Reduction of loads on roll shafts.

No foundations required.

Maximum torque in all the speed range,; i.e., fr@mzo maximum speed.

Reversible movement.

Continuous speed variation separately in eachrrolle

Protection against overloading and almost immedidézruption of mill operation.

10. Automation of the milling process possible.

11. Measuring the torque of each of the rollers.

12. Ease of maintenance.

13. Greatly reduced size and weight.

14. Power savings (high efficiency in transmission, aselectric power, load reduction
in journal bearings).

15. Increased extraction (optimisation of the extratpoocess).

©CoNorwNE

The main advantage is the independent variabledspieeach roll, which allows for the
optimisation of the mill's operation from a mechaali (torque distribution) and
operational point of view (extraction, pol in bagasmoisture in bagasse) (Lewinski,
2005).

Another way of applying individual drives to sugame mills has been the use of
planetary reducers engaged directly to or throlnghcardan shaft with AC electric and
variable frequency motors, a well known solutiontie sugarcane industry for driving
tables, drivers and cane conveyors.

Although direct mill operation experiences haverbpeesent for over 20 years, there is
no published information yet as to how to operagsé mills (torque distribution, speed
distribution, mill adjustments, etc.). This workkends to provide some answers to such
guestions.

Description of the testing methodology
To carry out the tests, a mill tandem driven byhhigrque electro-hydraulic drives
(without planetary reducers) was selected. Each mildriven by four high torque

hydraulic motors of the same size, directly placedhe mill’s rolls (two motors over the
top roll and one over each lower roll) (Figurel).
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Electric motor

Figure 1. Individual direct electro hydraulic drive.

Each hydraulic motor is moved by an electric motdrich drives a variable flow
hydraulic pump, allowing for the operation of thetors at the speed range of 0 - n max
(n max — maximum rotational speed of the rollef$)e flow is transmitted to the motors
through piping, which allows for great flexibilitgf positioning for the power units
(electric motor, plus pump, plus accessories) latien to the hydraulic motors. The
tandem is integrated by four mills and locatedha Santa Isabel sugar mill in Brazil

(Figure 2.

Figure 2. Milling tandem driven by hydraulic motors
in Santa Isabel sugar mill.

Mill 1 is 7 foot long and the remaining mills areb@eet each. The tandem is automated
(Figure 3), the feed of mill 1 is controlled to mi@in the same level of chute at the
determined range and the remaining mills automiiitieary their speed to maintain their

level of chute within the predetermined ranges. $deaments included the torque on
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each mill shaft (continuous pressure measuremengdoh hydraulic system), and the
shafts speed (sensors placed directly on the hiydraotors).

paoe )

LIGA I
DESLIGA I

Figure 3. Display of the control system in the Saatlsabel sugar factory.

The desired results are:

Torque distribution.

Speed distribution (ratio of rpm of the inferiotlsan relation to the top roll).
Power distribution on the mill rolls.

Total power consumed by each mill.

Total power of tandem.

arwnE

The results will be related to laboratory result€H (milling capacity in metric tons cane
per hour), corrected reduced extraction, pol antstmie in bagasse of the whole tandem,
as well as the extraction of mill 1.

In 2008, three different scenarios were analysedttie mill settings defined by the

consultant of the mill to operate mills at a spe€@.6 rpm and the calculated capacity of
584 TCH. The actual operating speed of mill 1 wadsisted to 6.0 rpm, to theoretically

grind 550 TCH.

Scenario 1

Distribution of torque 50, 25 and 25% - the best &mom the standpoint of optimal
capacity performance of hydraulic motors (equakguee on all hydraulic systems of the
mill). For this purpose, the RPM ratios were expemtally determined).

Scenario 2

Equal peripheral speeds for all mill rolls — a casasidered by several researchers at the
mill as optimal for mill operation.
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Scenario 3
Equal rotational speed for all mill rolls — as setcase of mills with conventional
transmissions equipped with crown gears.

In 2009 the mill was operated according to scenariill settings were the same as
those of 2008 for theoretically milling 584 TCH atspeed of 6.6 rpm. The hydraulic
pressure at the heads of the mills was reduced15f4. Two measurements were made
in June for an approximate period of one hour, ilogKor the stable operation period of
the mill (2009-1A and 2009-1B) and a measurementafperiod of over five hours in
October the same year (2009-2), when the operafitime mill was more stable.

Results

Figures 4 and 5 show examples of the behavior e@itlil in each scenario (year 2008)
where:

TR - top roll

CR - cane roll

BR — bagasse roll

Friction — angular speed ratio between the inferadls and the top roll
FCR - angular speed ratio between the cane roltlantbp roll

FBR — angular speed ratio between the bagassanalithe top roll.

Scenario 1 has proven to be the most approprigted into account the optimal use of
the drives and the distribution of speed. All hydi@amotors are the same size and they
all work with the same pressure, which allows tlegtimal use in terms of maximum
operating pressure and efficiency. The cane re¥ags rotates at the higher rotational
speed, which helps to achieve the best feedingtladagasse roll, on rotating at the
lower speed, reduces the reabsorption phenomenail. the scenarios above, the torque
on the top roll is constant, notwithstanding anyl speed variations and speed ratios and
it is 50% of the total torque produced. The powanstimed at the top roll is 50% of the
total power consumed by the mill, regardless of shenario. It was recommended to
operate the mills under scenario 1 (torque distidinu50, 25 and 25%) and in 2009 all the
mills operated under such conditions.

Figure 6 shows the measurements made in 2009 imdim¢h of June, when tandem work
was not stable (continuous recording time of appome hour) and Figure 7 shows the
results of all the mills recorded in the month aft@er when tandem operation was quite
stable (continuous recording time of approx. 5 Bpufable 1 presents the numerical
average results of all measurements; Table 2 slibagotal power consumed by the

whole tandem in all the tests and Table 3 showdaeratory results during the whole

tandem tests.

Operating results are impressive considering thabas of mills and their size (milling
about 600 TCH). The extraction in mill 1 was repdrtas 84% and the maximum
extraction of the whole tandem was 97%. As comparga 2008, the torques generated
in the mills were significantly lower, resulting iless total power consumption with
similar or even better operating results. The tp@lver consumed by the tandem was
approximately 2600 kW which, taking the number afisrinto account, the cane fibre
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(approx. 12%) and the capacity per hour (approf. BOH) gives a mean specific power
of mill of 9 kW/ton of fibre/hour on the mill. Thiotal value of the power consumed by
the whole tandem is an even more impressive value.
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Figure 4a. Mill 1 — Pressure:speed ratio (direct masurement).
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Figure 4b. Friction:torque ratio.

465



Lewinski J et al Proc SAfr Sug Technol Ass (2011) 84: 460 - 471
MILL 4
250 — 14
+ 12
—CRpm
— TR pm
[a]
: w BR pm
o etk . P
Fjgt I!F,ilb--- | L ; BR Bar
. Wil e L R ORR (AR
/ R . | ——crBer
50 - Scenario 1 Se.3 — TRBa
2
Sc. 2
0 oS FeEF TN TER IR P U SRR EE FEEE- O
'p] ['y] T'y) 'y} o 'y] 9] 'y [y ['e] 'y] o o L3 ol
LI C R O R s A O .
s ¥ ¥ 353 6553 5 =8 &
= o= e B oE o B B o i oaE I 0B
TIME
Figure 5a. Mill 4 — Pressure:speed ratio.
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Figure 5b. Mill 4 — Friction:torque ratio.
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Figure 6a. Mill 1 — Speed:pressure ratio.
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Figure 6b. Mill 4 — Pressure:speed ratio.
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Figure 7a. Mill 1 — Pressure:speed ratio.
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Figure 7b. Mill 2 — Pressure:speed ratio.
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Figure 7c. Mill 3 — Pressure:speed ratio.
200
180 CORICY T R
160 i ¢ AL
o 140 F N o
o 1
= 120
o 100
@ a0
O &p
40
20
o
o Mmoo o s 00N w oo 0w = 0
—A = Mmoo AN Moo IR
[ SO R T T VS « 4w SR ST S Vo S SO R S o S R T
[ BN R i T o . o N i B L RO~ sl i . o NN T Y 3 = - i [N Y i ST 0 N = sl i |
P I < I N SR T o VY TR v T ¢ T o M 0 T~ e~ R o~ o~ »
Lo B o B o I o I B o B o o B o R o R o R o B o T o O A o B o B o B
Time
TR bar CRbar ——BR bar —— TRrpm ——CRrpm ——BRrpm

Figure 7d. Mill 4 — Pressure:speed ratio.
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Table | - Average numerical results of all measements.

MILL TESTS PRESSURE SPEED TORQUE POWER

TR bar [CR bar|BR bar[TRRPM FCR | FBR | TotalNm| TR% | CR% | BR% JTotalkW  TR% CR% BR%

2008 SC. 3 195 121 203 5.0 1.00 1.00 | 1493417 91 21 28 781 a1 21 28

2008 SC.2 186 197 188 5.0 1.04 | 0.08 | 1520224 55 19 26 800 55 19 26

2008 SC_ 1 187 180 184 5.0 1.15 | 095 | 1577250 51 24 25 821 50 27 23

1 2008 SC. 1 188 184 172 6.0 1.19 | 095 | 1564140 1 29 24 1006 20 28 22

2009-1A 156 165 166 8.5 104 | 092 | 1391719 49 26 26 910 49 27 24

2009-1B 158 162 156 6.5 1.03 | 0.91 | 1370462 50 25 25 894 91 27 22

2009-2 198 121 192 6.2 1.03 | 0.91 ] 1309833 21 24 29 241 02 29 23

2008 SC. 3 192 162 201 57 1 1 1067541 52 21 27 630 52 22 27

2008 SC. 2 190 189 193 915 1.06 98 1090592 50 25 25 635 49 26 25

2008 SC. 1 198 189 189 0.6 1.03 | 0.97 | 1101944 o1 24 25 643 o1 25 24

2 2008 SC. 1 195 194 190 6.7 1.03 | 0.97 | 1107455 50 25 25 77 50 26 24

2009-1A 156 158 169 6.6 105 | 090 922561 49 25 26 617 49 26 24

2009-1B 162 156 162 6.7 1.05 | 0.89 | 927151 50 24 25 627 51 27 22

2009-2 158 150 148 6.9 105 | 0.89 | 860216 52 24 24 608 52 26 22

2008 SC. 3 188 171 212 5.1 1.01 0.98 | 1084312 49 22 28 584 a0 23 27

2008 SC. 2 192 186 197 5.0 1.03 | 095 | 1097073 50 24 26 572 50 25 25

2008 SC. 1 194 199 195 52 1.03 | 0.95 | 1120708 50 25 25 614 50 26 24

3 2008 SC_ 1 198 202 192 6.0 1.03 | 095 ] 1135501 50 26 24 715 20 27 23

2009-1A 156 162 169 6.2 099 | 082 | 896636 47 26 27 541 49 27 24

2009-1B 153 161 155 6.3 0.98 | 0.80 895730 49 26 25 543 52 27 21

2009-2 192 165 158 6.9 1.00 | 088 | BF9676 49 26 25 583 a0 2 23

2008 SC. 3 185 159 210 49 1.02 | 098 | 1052240 50 21 29 546 50 22 28

2008 SC. 2 188 175 198 48 1.04 | 0.95 | 1069083 50 23 27 539 50 24 25

2008 SC. 1 190 192 199 5.0 1.05 | 0.94 ] 1095205 50 25 25 970 a0 26 24

4 2008 SC. 1 189 194 196 58 1.05 | 094 | 1098780 49 25 26 669 49 27 24

2009-1A 157 149 164 6.1 1.05 | 0.92 ] 904055 50 24 26 558 51 25 24

2009-1B 196 198 161 6.1 106 | 091 903403 a0 25 26 558 a0 26 24

2009-2 154 161 151 5.4 1.05 | 091 870705 50 26 24 575 50 28 22

Table 2. Total power consumption in the whole tanda.

TESTS MILL 1 RPM POWER TANDEM KW

2008 SC. 3 5.0 2541

2008 SC. 2 5.0 2546

2008 SC. 1 5.0 2648

2008 SC. 1 6.0 3167
2009-1A 6.5 2626
2009-1B 6.5 2622
2009-2 6.3 2607

Tal8elLaboratory results.

reere CAPACITY | Extraction Pol in Moisture in [Fibre in cane
et TCH % bagasse % | bagasse % %
2008 572 95.65 2.7 48.5 12.42

2009-1 578 96.13 2.24 47.9 11.6

2009 -2 602 95.94 2.4 48.3 12.09
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Conclusions

With individual drives the mill can be operatedwiifferent speed distributions between
the rollers, thus making it possible to operaterthk with the same peripheral speed of
all rollers or with the same rpm of all the rolleas in conventional mills, or changing the
speed ratio of inferior rolls in respect to the tafl, in search of the higher cane roll
speed (better feeding) and lower speed of the bagamsl (less reabsorption). This last
option, for conventional settings of the mills, mlag achieved by adjusting the roller
speeds to maintain a similar pressure in all thdrdaylic motors, which will result in the
same torque applied to the shaft ends of all therso For this option all the hydraulic
drives may be operated at their optimum capacitgximising the mill torque, thus
avoiding an overload of the hydraulic systems agdegating the same stress at the ends
of roller shafts.

At Santa Isabel sugar factory, the use of the scepn&the same pressure in all hydraulic
motors helped achieve better operating result®agpared to the previous year. The four
mill tandem was milling 600 TCH with a maximum edtion of 97% and with an
extraction at mill 1 of up to 84%. These resultsravachieved with less total power
consumption than the previous year.

Future work should focus on finding the optimaluesd of speed distributions for torque
distribution 50, 25 and 25% by optimising the sefs of the mills to these new work
conditions.
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