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JAVA METHOD MILL SETTINGS Adapted and recreated by: Toät Soemohandojo There is a mill settings system called the “Java Method”, which was created based on the theory by the Dutch scientists such as Muller von Czernicky and Gogelijn since before 1900. They were researchers at the famous research centre named “Proefstation Oost Java” (POJ), which is now renamed as Indonesian Sugar Research Centre in Pasuruan, East Java – Indonesia. POJ was one of the main reference for the world’s sugar industries, among other things the Java Method mill setting calculations, which taken and used as preference system by many countries such as Australia, Mauritius, South Africa, Philippine, Hawaii, India, Pakistan and the other countries in South America as well. The Java Method has the philosophy that the sugar juice contained in cane must be extracted as much as possible by the milling with a minimum dissipation. To get such extraction the mill crushing only the fibre contained in cane and must be within as slow as possible roller rotations. This was possible at the time when reciprocating steam engines in use for the drives and the roller rotations were between 2.5 – 1.2 rpm only, decreases from the ultimate to the following mills. There are 2 (two) subjects of Java Method approaches in this paper: § §



The Mill Settings The Design Capacity



1. The Mill Settings Normal composition of a mill have 3 (three) rollers, the top, feed and the delivery. Each roller has its outer diameter and the base diameter, and in between the mean diameter. The use of V grooved roller now a day would be simple to measure the mean diameter of a roller, the outer diameter minus twice the approximate half of its groove height. A correct mill setting is required to obtain good extraction of the mill tandem, where 2 (two) kinds of opening for every mill should be comprehensively calculated when setting the mills: §



the work opening, that is the gap measured between two rollers in view of their mean diameter when they are in working or milling condition (the top roller lifted up), and



§



the set opening, means the gap measured between two rollers in view of their mean diameter when they are not in working condition (the top roller at rest).



There are 2 (two) openings in a mill, the delivery and the feed opening, where each has the work and the set opening.
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top roller lift work opening work opening



set opening



set opening



feed opening



delivery opening



The red top roller circle shows the mill in working condition, while the black circle in the setting condition. Both the delivery and feed openings have their own work and set opening as well. In the Java Method, the calculation of the mill settings shall always in the opinion that the cane fibre with the constant amount only being milled within the two rollers (the third roller assumed as the feeder) throughout the tandem. First calculate the volume of cane fibre per hour by the use of the following formula: Vf = π x Dm x L x n x h dm3/hour ............................................................. (1) Where:



n



D Vf = fibre volume per hour, in cubic dm (decimetre) h Dm = mean diameter of the top roller, in dm H L = roller length, in dm n = top roller rotation per hour h = delivery work opening, in dm Secondly, if c = the fibre index, the specific fibre weight in kg per cubic dm escribed volume by the delivery work opening per hour, then the fibre weight = m



Wf = π x Dm x L x n x h x c kg/hour .......................................................... (2) The value of c constitutes the mill roller ability to compress the fibre, and has different value for each mill in the tandem (see the table hereunder). Third, when q = the fibre loading, the specific fibre weight in grams per square dm escribed surface by the top roller per hour, then the fibre weight can also be calculated by: Wf = π x Dm x L x n x q/1000 kg/hour ....................................................... (3)
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The value of q constitutes the top roller ability to press a certain layer of fibre per square decimetre of the roller surface. The value of q also different for each mill in the tandem (see the table hereunder). In the early days mill roller of 30" x 60" size (7.62 dm x 15.24 dm) was named as the standard roller that used in some researches by the POJ. That is why the values of q listed are normal for standard mill roller of 30" x 60" only, hence for any particular diameter (smaller or bigger), the value of q must be calculated straight divided to the standard roller diameter. For instance roller of 42" has a value of: q42 =



q30 x (42 x 0.254) 7.62



grams/dm2 ……………………………….………… (4)



the value of q30 is obtained from the table hereunder. FIBRE LOADING AND FIBRE INDEX OF STANDARD MILL ROLLER DRIVEN BY RECIPROCATING STEAM ENGINE*) D = 30" (D = 762 mm) Crusher Crusher + Tandem 4 mills + Shredder 5 mills 4 mills + 4 mills



Crusher + 5 mills



Fibre loading: q = grams fibre/dm2 escribed roller surface 113 115 96 130 137 135 150 143 144 167 156 166 179 159 -



Crusher Mill #1 Mill #2 Mill #3 Mill #4 Mill #5



101 143 157 168 183



107 132 147 166 174 189



c = kg fibre/dm3 escribed volume by delivery work opening 0.39 0.33 0.53 0.61 0.57 0.37 0.61 0.75 0.67 0.64 0.81 0.84 0.72 0.80 0.99 0.94 0.77 0.91 0.96



0.32 0.62 0.72 0.81 0.87 0.96



Fibre index: Crusher Mill #1 Mill #2 Mill #3 Mill #4 Mill #5 *) Adapted and copied from A.Landheer: APPARATEN IN DE SUIKER INDUSTRIE.



Notes: The fibre loadings and fibre indexes contained on the table are suitable for mills driven by reciprocating steam engine only, where mill rotation decreases from the ultimate to the following mills. The table is not suitable for mills driven by steam turbines and / or hydraulic / electric motors, where approximately have the same speeds for each mill. Further we find from equation (2) and (3), that: π.Dm.L.n.h.c = π.Dm.L.n.q/1000 Java Method Mill Settings
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Converting h from dm to mm, then the delivery work opening is: h=



q 10 c



mm ........................................................................... (5)



It is concluded that the delivery work opening mainly depends on the division of the fibre loading and the fibre index, but conditionally to its size of the rollers to obtain the best performance. The mill setting calculation defined only the delivery work opening and to further determine the feed opening multiplies it by the following ration (i): 2.2 – 2.5 for mill #1 2.2 – 2.6 for mill #2 2.0 – 2.4 for mill #3 1.8 – 2.2 for mill #4 1.6 – 2.0 for mill #5 Further, we have to determine the distance between the top and the delivery rollers, also between the top and the feed rollers for its working and setting conditions or so called the centre to centre (CTC) distances. We have then: § CTCwork top to delivery = ½ Dmtop + ½ Dmdelivery + hd § CTCwork top to feed = ½ Dmtop + ½ Dmfeed + hf § CTCset top to delivery = ½ Dmtop + ½ Dmdelivery + hd – t.cos ½α § CTCset top to feed = ½ Dmtop + ½ Dmfeed + hf – t.cos ½α Where: CTC = centre to centre Dmtop = top roller mean diameter Dmfeed = feed roller mean diameter hd = delivery work opening hf = feed work opening t = top roller lift α = top angle between the three rollers (for certain headstock) 2. The Design Capacity Let’s assumed that: Q f



= the design crushing capacity, in TCD (ton cane per day) = fibre content % cane;



then the fibre weight: Wf =



Q . f . 1000 22 . 100
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or



10 Q . f



Wf =



22



kg/hour .......................................................... (6)



And to determine the design capacity of the mill, we can use equation (3) and (6): π.Dm.L.n.q 1000



=



Q = or: Q =



10 Q.f 22 22 π.Dm.L.n.q 10000 f Dm.L.n.q 144.63 f



TCD



TCD ……………………………............. (7)



For mills of standard size of 30" x 60" driven by reciprocating steam engines with low rotation, the capacity will be around 1,000 – 1,250 TCD only. However, when the mills driven by steam turbine with nominal speed between 4,200 – 5,600 rpm will result to mill rotation of 4.5 to 5 rpm (depends on the transmission ratio of the gear boxes); this could obtain a maximum capacity of 2,500 TCD with relevantly fair performance. Steam turbine drives should be operated at their nominal speed to reach the best efficiency. This means all the mills should approximately have the same rotation per minute and therefore the same value for the fibre loading (q) as well. The same conditions also apply to the mills driven by hydraulic or electric motors. Based on the above condition and understanding, a question arise how much is the preference value of fibre loading for standard mills when each mill driven by steam turbine or hydraulic / electric motor (whereas all the mills operated approximately at the same speed). Observations during mill operations (without feeding device) have determined a reasonable value 2 of 130 grams/dm (grams per square decimetre) escribed roller surface was fairly suitable for the standard mill rollers of 30" x 60". Thus, it’s derived the standard value of 130 grams/dm2 as the standard of q (the standard fiber loading). Thereon it’s easy to calculate the value of q for any roller size: Multiply the value q of the standard roller of 30" x 60" with the division between the roller diameter in use (any size) and the standard roller diameter (in metric): qa =



130 Dm 7.62



2 = 17.06 Dm grams/dm ………………...… (8)



Substitute qa to equation (7) for q and change n from rotation per hour (rph) to rotation per minute (rpm), we have then the design capacity for any mill size: Q=



7.1 Dm2.L.n
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It was experienced during the operations that the crushing of cane by mill tandem was not depends only on: § § §



the sizes of the rollers in use the roller speed the average of fibre content;



as defined in equation (9), but also depends on the other factors, such as: § §



the type and number of preparation devices, and the number of roller in use.



Hence, the main formula for the design capacity in equation (9) should be multiplied by those factors. It’s known by the Java Method with the standard mill roller size of 30" x 60" has the following standard data: § § § § § § §



the mill size is 30" x 60" or Dm = 7.62 dm and L = 15.24 dm roller speed n = 2.5 rpm the tandem consist of 4 mills with 3 rollers, or the number of rollers N = 4 x 3 = 12 the preparation device was a crusher with the same size of 30" x 60", or ε = 1.05 fibre content f = 12.5% cane λ = constant number crushing capacity Q = 1,250 TCD



Filling those data to equation (9) and replace the number 7.1 with the square root of total number of rollers and the constant of preparation factors, we have then the design capacity: 2



1,250 =



λ x 1.05 x 7.62 x 15.24 x 2.5 x √ 12 12.5



TCD



And discover the constant number: λ=



12.5 x 1,250 2 1.05 x 7.62 x 15.24 x 2.5 x √ 12



= 1.942



Finally the formula of the design milling capacity for any mill size with good performance:



Q=



1.942 ε x Dm2 x L x n x √ N f



TCD …………………...... (10)



The following numbers show the approximate value of ε for some cane preparation devices: ε = 1 + 0.05 for 1 cane cutter or 1 crusher ε = 1 + 0.10 for 2 cane cutters ε = 1 + 0.18 for 2 cane cutters and 1 shredder/unigrator ε = 1 + 0.22 for 2 cane cutters and 1 Heavy Duty Hammer Shredder (HDHS) Java Method Mill Settings



Page



6



PT Indocode Surya



Example: A mill station have a capacity of 3,690 TCD, consists of 5 mills with 3 rollers each, roller size of 42" x 84" and a crusher as the preparation device. Average fibre content of cane = 13%. The drive of each mill is 600 HP on maximum speed of 70 rpm reciprocating steam engine with reduction gear ratio of 1 : 26. Determine the work and set openings for the delivery and feed openings of mill#3, the CTC’s and the speed as well, where each outer diameter for the: § top roller = 1,117 mm § feed roller = 1,060 mm § delivery roller = 1,010 mm Solutions: See the table for mill#3 of the tandem, the value of fibre loading q = 166 grams/dm2 and the fibre index c = 0.81 kg/dm3. From equation (4), we have: q42 =



q42 =



q30 x (42 x 0.254) 7.62 166 (42 x 0.254)



grams/dm2



= 232 grams/dm2



7.62



Based on formula (5), the delivery work opening is: hd =



q3 10 c3



=



232 10 x 0.81



= 28.6 mm



The ratio (i) for mill#3 is between 2.0 – 2.4; take the average of 2.2 then the feed opening is: hf = 2.2 x 28.6 = 62.9 mm If all the rollers provided with V-groove of 50 mm height, the groove correction is around 25 mm, then the mean diameter of the top roller: Dmtop = 1,117 – 2 x 25 = 1,067 mm The mean diameter of feed roller: Dmfeed = 1,060 – 2 x 25 = 1,010 mm And the mean diameter of delivery roller: Dmdelivery = 1,010 – 2 x 25 = 960 mm Set the largest diameter for the top roller, second largest for the feed and the smallest for the delivery roller. With a hydraulic lift of 6 mm and the top angle of 76°, it should be calculated the exact lift of the top roller, which normally equals to: Java Method Mill Settings
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= 6 x cos ½α, where α is the top angle between the three rollers. Then, the mill#3 delivery setting equals to: hds = hd – 6 cos ½α = 28.6 – 6 cos 38° = 28.6 – 4.7 = 23.9 mm And the feed setting equals to: hfs = hf – 6 cos ½α = 62.9 – 6 cos 38° = 62.9 – 4.7 = 58.2 mm And the determination of the CTC works and the CTC sets for the respective mill that is: § §



CTC work for feed and CTC work for delivery openings, and CTC set for feed and CTC set for delivery openings



The results are: § § §



CTC work for feed = ½ Dmtop + ½ Dmfeed + hf = 533.5 + 505 + 62.9 = 1,101.4 mm CTC work for delivery = ½ Dmtop + ½ Dmdelivery + hd = 533.5 + 480 + 28.6 = 1,042.1 mm CTC set for feed = ½ Dmtop + ½ Dmfeed + hfs = 533.5 + 505 + 58.2 = 1,096.7 mm



§



CTC set for delivery = ½ Dmtop + ½ Dmdelivery + hds = 533.5 + 480 + 23.9 = 1,037.4 mm



The delivery as well as the feed work openings and the CTC’s are measured when the mill as in the operation state. It means when setting both the work openings as well as the CTC’s, the top roller should be lifted by hydraulic jack accordingly and to be adjusted to the correct measures calculated above. To determine the roller speed, first the fibre weight must be calculated by equation (6): 10 Q . f Wf =



22



=



10 x 3,690 x 13 22



= 21,804 kg/hour



Finally use equation (3) to determine the speed of mill#3: Wf = π x Dm x L x n x q/1000 kg/hour Where: Dm = 1,067 mm = 10.67 dm (top roller mean diameter) L = 84 x 0.254 = 21.34 dm (length of top roller shell) q42 = 232 grams/dm2 (calculated fibre loading for roller diameter of 42") Then: n=



21,804 x 1,000 π x 10.67 x 21.34 x 232



= 131.45 rph, or = 2.19 rpm



Check for the prime mover speed = 2.19 x 26 = 57 rpm. This means okay for the existing reciprocating steam engine. Naturally, the mill work openings should be adjusted periodically during the milling season to achieve the best performance of the tandem, especially when the season runs for more than one month. Java Method Mill Settings
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Steam Turbine or Electric Motor Drives Mill tandem driven by steam turbines or electric motors provided usually not only with one cane cutter and one shredder as the cane preparatory devices, but for best performance with 2 (two) cane cutters (2 CC) and 1 (one) heavy duty hammer shredder (1 HDHS), which such formation could achieve PI (preparation index) of more than 90%. When steam turbines or electric motors used as the prime movers for such formation of mill tandem, then the average value of c = the fibre index, would be as listed at the following table. TABLE OF FIBRE INDEX FOR ANY MILL SIZE MILLS DRIVEN BY STEAM TURBINE OR ELECTRIC MOTORS 2 CC 2 CC 2 CC + + + Tandem 1 HDHS 1 HDHS 1 HDHS + + + 4 mills 5 mills 6 mills Fibre index: c = kg fibre/dm3 escribed volume by delivery work opening Mill #1 0,44 0,44 0,44 Mill #2 0,58 0,57 0,57 Mill #3 0,65 0,65 0,64 Mill #4 0,77 0,70 0,69 Mill #5 --0,78 0,74 Mill #6 ----0,79



While the value of q = the fibre loading, should follow the steps of calculation on page 7 using equation (4) for any mill size and the results must be averagely equal for each mill (depends on each top roller mean diameter), and averagely the same rotation as well.



Note: Beside the Java Method, the writer has developed another method for mill settings through determination of Mill Material Balance, which the introduction was published by Sugar Y Azucar magazine in August 1996. Java Method Mill Settings
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