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INTRODUCTION
Floriculture industry in Sri Lanka has been growing in the past forty years and since 1980 it has been developing as an export-oriented industry, which provided direct employment to many people from semi-urban and rural areas (De Silva 2014, Daily News 2017). Today, Sri Lanka is recognized as one of the largest floriculture production centres in the World and has been earning approximately US$ 16 million foreign exchange by exporting floriculture to countries such as Netherlands, Japan, Saudi Arabia and UAE (EDB, 2019). Sri Lanka is a home to an enormous botanical diversity with a wide range of floricultural species (Dhanasekara, 1998) and the Department of National Botanical Gardens (DNBG) is providing technical expertise to the flower growers (Rathnayake and Rathanyake, 2019).  De Silva (2014) in his article on Daily Financial Times hinted that Sri Lanka could be a regional leader in horticulture industry.
Among many materials ‘floral foam’ (FF) has been widely used as the rooting material as the foams weigh relatively less, retain comparatively more water, and are packable and convenient in maintaining the approved standards for exportation. This FF are imported with standard dimensioned blocks (L230 x W110 x H80) and it must be cut mainly into four different sizes (cuboids) depending on the requirement.
Even though automated cutting machines available, they are very expensive, ranging from US$ 3,000 to 15,000. Mostly manual cutting is being done by using cutters made from 0.4mm gauged steel wires fixed to a wooden frame as shown in Fig.1. Since the FF cuboids are different in length, width and height, different sets of cutters, where the steel wires are correctly spaced, must be used. FF blocks should be cut both horizontally and vertically. This needs skilled labour, and even with the skilled labour, the required productivity has not been achieved. The manual process is not only less efficient but also the wastage is considerably high due to odd shaped or deformed or unevenly sized cuboids. Along with the wastage, the dust formation when cutting has created health hazards among the workers. Further, as the steel wires chemically react with FF material, it tends to break frequently taking additional time and effort for replacing wires.
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Fig.1. Horizontal and vertical cutters used to cut FF blocks.
Thus, there is a requirement for an ‘automated floral foam cutting machine’ (AFFCM) which could improve the productivity and overcome the shortcomings of the manual cutting process. Such a machine could be used by the related industries enabling them to enhance the productivity, hence improving the Floriculture sector in Sri Lanka.
This study mainly focused on designing and development of an AFFCM with improved cutting efficiency and accuracy while minimizing the waste and health hazards.
METHODOLOGY
Study location
The machine was designed and manufactured at the Mike Flora International (PVT) Ltd., Rambukkana, Sri Lanka. Mike Flora exports around 17 million plants of 64 varieties annually to 20 countries around the world. It has a work force of around 300 people.
Components of the Automated Floral Foam Cutting Machine (AFFCM)
The designed and developed AFFCM is shown in Fig.2. The machine can cut the FF blocks into four differently sized cuboids (refer Fig.3) with dimensions as standard size (L 230mm x W 110 mm x H 80mm). The machine operates by programmed microcontroller system. Appropriate sensors are being used to locate FF, operate mechanical links, operate electrical actuators to cut and remove product.
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Fig.2. The designed and developed AFFCM
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Fig.3. Different sizes (mm) of FF cuboids required by the industry for plant types* (P)
Housing and Main Structure: A structure is made by Zinc coated (1½ inches) steel box bars and L shaped cross-sectioned bars (1 inch) after considering the structural integrity of the machine.
FF Feeder: The steel plate was cut and machine-bended in order to make the feeder box situated at the top of the machine. Servo motors (5V/2A) are used to direct the form to the cutting section in anticipated orientation.
Horizontal Cutters: Three different cutters, refer Fig.4, were made to accommodate different sizes of FF cuboids as mentioned. Cutters were designed in such a way that it could be fixed and dismantled easily to the actuator mechanism to accommodate different sizes of cuboids. Angle which the cutting wires of the horizontal cutter projects to the front face of the FF block is optimized to 55° to have a perfect cut with minimum deformation.
Vertical Cutters: The two vertical cutters, refer Fig.5, are fabricated with appropriate spacing of Stainless Steel (SS) wires to accommodate four different sized of the FF cuboids.
Development of Actuator for Pushing FF block: Attachment unit with the actuator, is made to push the FF block into the horizontal cutter. The pushing should be done in such a way that it exerts the correct force with a cutting jerk. One-meter (1m) length two steel shafting bars
are used to obtain the movement to push the FF block and the static and dynamic balancing were carefully considered in designing the actuator attachment.
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Fig.4. Horizontal cutter
Fig.5. Vertical cutter
Control Panel: The Control panel consists of a micro controller board, modular relays, circuit boards used for programming, power supply unit, trip switch and fuses, which are needed to control and automate the designed mechanical and pneumatic operations of the machine. All the printed circuit boards (PCBs) were inhouse- designed and manufactured.
Display Panel: The display panel consists of pressure indicator, voltage indicator, error bulb, ON/OFF switch, start and reset switches and real time operation indicators.
Operation Sequence of the Machine
Five FF blocks can be accommodated in the feeder per cycle. The machine is activated when switched on (by ON/ OFF switch on display panel). The activation of the machine could be detected by the voltage meter on display panel. The compressor starts and air was supplied to pneumatic pistons/circuit. The air pressure could be checked by the pressure indicator/gauge located on the display panel of which the optimum level is 8 bars. A pneumatic regulator is used to maintain suitable pressure (5bar) in each pneumatic piston. After attaining the correct air pressure, the start button (on display panel) is pushed on, which supplies power and activates the microcontroller and the LDR sensor which sense  and checked whether the foam cuboids are available in feeder. If available, the process continues, if not it indicates the non-availability.
If FF blocks are available, the servo motor opens the path to FF blocks to move or rather fall into the specially designed platform. The availability of foam in the platform is indicated by the ‘floral foam feeder open’ bulb in the display panel. Then a solenoid valve is activated by a signal and a pneumatic piston gets activated. After regulating the pressure, the FF block is pushed through horizontal cutter which the block is cut horizontally (first horizontal cut) and FF block placed at the vertical cutting box located near the exit door. The completion of horizontal cutting is indicated by blinking ‘cutting 1 completed’ blub on the display panel.
Then to cut the FF block vertically, a signal is sent to the solenoid valve from micro control board, and the relevant pneumatic piston is activated after regulating the optimal air pressure. The pneumatic piston operates and the vertical cutters (vertical cutting operation) executed. The completion of vertical cutting is indicated by blinking ‘cutting 2 completed’ blub on the display panel. This process completes in 1.5 seconds.
It follows the ‘dust removing system on’ bulb indication. Exhaust fans are switched on and apparently the dust is removed.
Exit door is then opened by the servo motor, and ‘cut cuboid exit’ bulb will blink. Along with this the FF cuboids are pushed to the basket kept outside through the exit conveyor, by activating the relevant pneumatic piston. Then the pneumatic piston returns to the initial position completing one operational cycle and it will be indicated by the blinking of the ‘process complete’ bulb along with an alarm.
The operator must reset the system/machine in order to start a new cycle. If the cutters are not properly located, the machine will not work and will indicate an ‘error’ and ‘check horizontal cutter’ will start blinking. The operator shall make sure that the cutters are accurately located before starting a fresh cycle. Also, the status of the floral form cuboids in the feeder will be indicated by the ‘floral foam empty’ bulb.
RESULTS AND DISCUSSION
Cutting Efficiency
The cutting duration (average of five rounds) for four different FF cuboid sizes by existing method and by the AFFCM are given in Table 1. As expected, there are no variations of cutting durations in AFFCM among readings of different cutting rounds since it operates as conforming to the programmed operational cycle. The productivity improvement is 71% - 81% as indicted.
Table 1 Cutting durations of existing method and new method average
Size
Existing Method (s)

AFFCM
(s)

Reduction of time of AFFCM (%)
3P
16.4
3
81.71
5P
14.4
3
79.17
7P
12.5
3
76.00
Agalonema
10.4
3
71.15

[image: image6]
Cutting Accuracy
Table 2 depicts the average differences (percentages) of the dimensions of FF cuboids with required standard values. The variation is from 1.5 to 19.62 with an average of 9.28 in the manual method. In contrast, AFFCM has a comparatively higher accuracy and only 0.67 variation was observed. These results are further justified by much lower SD values pertaining to AFFCM method compared to manual method.
Table 2 Cutting accuracy of two methods of FF cutting (Values in the parenthesis are the SD)
 

Expected Dimension

Variation (%) - Manual method

Variation (%) - AFFCM
	3P
	L
	23
	6.35 (1.05)
	0.82 (0.57)

	
	W*
	22
	10.91 (1.12)
	4.10 (0.63)

	
	H
	20
	1.50 (1.23)
	0.69 (0.45)

	5P
	L
	23
	5.57 (0.70)
	0.16 (0.44)

	
	W
	22
	10.64 (0.75)
	0.41 (0.41)

	
	H
	27
	6.44 (0.75)
	0.48 (0.43)

	7P
	L
	33
	10.24 (0.94)
	0.34 (0.50)

	
	W
	22
	13.00 (0.83)
	0.48 (0.52)

	
	H
	27
	7.48 (0.93)
	0.08 (0.42)

	Agalonema
	L
	33
	10.24 (0.72)
	0.00 (0.40)

	
	W
	37
	19.62 (0.66)
	0.07 (0.42)

	
	H
	27
	9.33 (0.64)
	0.41 (0.47)

	Average
	
	
	9.28
	0.67


During the process of cutting, one of the major problems with existing method is the formation of dust. Dust collected after cutting of 10 FF blocks are given in Table 3. The results revealed that on average 69% of the dust formation or wastage can be reduced by using the AFFCM.
Table 3 Dust formation in two methods of FF cutting for 10 blocks
Method
Quantity of Dust (g) Manual method

0.166
 
AFFCM
0.051 

Costing and Pay Back Period
The manufacturing cost of the machine was calculated by adding up the cost of each sub system namely, microcontroller, programming, pneumatics system, fabrication and materials
and 10% contingency. Thus, the machine can be manufactured locally for approximately Rs. 137,000 compared to the lowest internationally tagged price of around Rs. 600,000 (USD 3000).
Mike Flora International (Pvt,) Ltd. produces FF cuboids around 58,000 FF blocks per month. Considering the required working days and the incurred costs (daily wage rate is Rs. 1,000.00), for AFFCM the total labor cost per month was calculated as Rs. 6041.67. In contrast to it, for the existing method the labor cost incurred was Rs. 28,965.28 per month (refer Table 4). Thereby, by using the AFFCM Micro Flora could save Rs. 22,923.61 per month. If it is assumed the overheads and maintenance (mainly for electricity and, wear and tear) cost of AFFCM was Rs. 5,000.00, justifying the fact that it is worthwhile to use the machine than the existing manual method. The capital cost can be recovered within eight months (payback period is 7.67 months).
Table 4 Operation and maintenance cost
Cutting method

Cutting time required (sec./block)

Micro Flora Requirement (blocks/month)

Labour hour requirement

Labour cost at Rs. 125/hr. (Rs./month)
Existing method

16.4
25,000
113.89
14,236.11

[image: image7]
14.4
15,000
60.00
7,500.00
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AFFCM
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CONCLUSIONS
The AFFCM was designed and developed after a detailed investigation to improve the productivity and accuracy (quality) of the FF cuboids produced from imported FF blocks. The designed and developed AFFCM could be manufactured at a cost of Rs. 137,453 which is much less than the similar machines available in the international market. The main technical features, productivity, accuracy, etc. of the proposed AFFCM are in par with competitive similar machines which are comparatively much expensive. The AFFCM is 71% to 81% (depending on block size) more time efficient than the existing method and could produce four sizes of FF cuboids with higher accuracy and less wastage with minimum dust formation. This machine could reduce labour costs by almost 80% and therefore the capital cost of the machine can be recovered within eight months of operation. It can be concluded that the cutting process-efficiency would be tremendously improved using AFFCM, and that it enables maintaining sustainability of the industry.
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