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Modeling of a Small Group Scale TMR Plant for Beef Cattle and

Dairy Farm in Korea(l)
— Development of TMR Plant Model —

Y. S. Ha

D. H. Hong

K, K, Park

Currently TMR feed produced in commercial plant is one of the major source to feed cattle for both beef and dairy farm.
However, because of lack of cutting and mixing system for utilizing domestic produced firmly baled round roughage in

commercial TMR plant, these commercial TMR feed can not satisfy to farmers both in quality and price points of view.

In order to solve these problems, a farm group size TMR plant model was developed in this study. The model plant

was consist of round bale receiving and cutting system, pneumatic conveying system for transfer the roughage which was

cut at the cutter to TMR mixer through pneumatic conveyor, TMR mixer enable to soften the stiff rice strew and to mix

with other ingredients, finished feed bin which can be transfer to either packing system or individual farm, packing system
by tycon bag which contains 400 kg unit and bulk unloading system to individual farmer. Also, a simulation model ARENA

was applied to the model system in order to evaluate and check the production rate in each unit process and operation rate

of total system and to find out if there are any clogged unit system obstructing the smooth flow of the total process flow.
Processing cycle for produce one batch of the model plant was less than 30 minutes. Thus, it will take less than four

hours for producing 16 tons per day equivalent to 1,000 beef cattle's daily feed.

Keywords : TMR plant, TMR mixer, Baled round roughage, Roughage cutter, Simulation
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Fig. 1 Process block diagram in the model plant.
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Table 1 Control factors of the model plant

Items Parts Set Factor and Value ;“P“t Output
evice device
Mixer Mixing time (20 min) Timer Motor
V‘glsilrlrlllg Weight (2,000 kg) Load-cell | Indicator
m@ Discharger | Open: mixing end time (before 10 sec) | Solenoid Air
gate Closed residual weight (£10 kg) valve cylinder
Belt On: mixing end time (before 20 sec)
conveyor | Off: Weight (after 10 sec) Relay Motor
.| On: mixing end time (before 30 sec)
Surge bin Off: Weight Relay Motor
Discharger | Open: weight Solenoid Air
gate Closed: weight valve cylinder
Packing Belt On: weight
process | conveyor | Off: weight Relay Motor
Weighing | Weight .
system (500ke) Load-cell | Indicator
Bag Manual Solenoid Alr
clamp valve cylinder
Belt
conveyor | Manual Relay Motor
Oter | (Bulk)
processes Dust
collecting | Manual Relay Motor
Fan
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Table 2 Simulation results of model plant

Utilization Processing time Waiting time
Resource . . .
(%) (min) per entity (min)

Loader 37.7 49.9 0.0
Cutter 41.9 99.1 0.0
Mixer 75.5 179.7 0.0
Surgebin 50.9 81.9 3.9
Packer 49.8 40.6 0.0
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Table 3 Specification of the model plant

Items

Quantity

Specification

Cutter

* Capacity: 10 min/bale

* Power: Tractor (40 kW) attached type

* Size: 2.0 (L)x1.3 (W)x1.3 (H) m

* Rotary blade (144 EA), Fixed blade (18 EA)

Cyclone

* Power: 0.4 kW
* Size: 01.3 (D)x2.1 (L) m
* Include axial flow fan system

Mixer

« Capacity: 11 m’

* Size: 5.2 (L)x2.1 (W)x2.6 (H) m
* Power: 37 kW

* Type : 2-auger, cutter attatched
* Weighing system : Load cell

Surge
bin

* Capacity: 13 n’

* Size: 6.3 (L)x2.5(W)x3.0(H) m
* Power: 11 kW x 2 EA

* Type : 2-auger,

Packer

* Capacity: 30 bag/hr
* Bag size: ¢1.1 (D)x1.1 (H) m
* Weighing system: Load cell

Belt
conveyor

e Power: 2.2 kW

* Belt Velocity: 0.75 m/s

* Belt width: 0.8 m

* Length: Mixer — Surge bin (10.8 m),
Surge bin — Packer, Bulk load (7.1 m)
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(a) Storing and receiving of ingredients

(g) Weighing and packing

(b) Receiving and cutting of round bale

(h) Bulk unloading system

(1) Feeding to beef cattle

Fig. 5 TMR mixing process in the model plant.
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Table 4 Processing cycle for produce TMR feed

J. of Biosystems Eng. Vol. 34, No. 5.

Process Detail process Mean (min) Standard deviation (min) Remark
Transporting and stacking of Round bales 1* 0.5
Cutting away wrap and ties form Round bales 1* 0.4
Receiving Receiving and cutting of round bales 10 1.2 Simultaneous
Receiving ingredient in bulk and tycon-bag 4 0.6 working
Receiving ingredient in bag 1 0.2
Mixing Mixing of TMR feed 20%, ** 0.0
Discharging | Conveying of TMR feed Sk 0.5
. Preparation of packing 5* 0.9 Simultaf)eous
Packing working
Weighing and packing of TMR feed 10%* 1.6
Total processing cycle 37* (25%%)

* Batch process: 37min
** Continuous process: 25min
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Fig. 6 Mixing cycle of the model plant.
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