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Development of dynamic layout model for poundo

yam flour processing plant

S.P. Ayodejit, M.K. Adeyeri** and A. Ogunsua!

Abstract: A documented poundo yam process plant that produces 12.25 kg of poun-
do yam within 315.04 min was studied so as to address its associated problems. It
was found that its production capacity is limited due to process time delay of 77 and
216 min experienced at the parboiling and drying section respectively. This informed
the need to design a dynamic facility layout to increase production capacity, intro-
duce flexibility of material flow through the process plant and manage effectively
material flow through the process plant. In order to achieve this, a software called
poundosim was developed using necessary design model equations and data. This
will assist in forecasting material flow above the static reference frame of the pro-
duction facility, and iteratively generate the optimal machine configuration within
cost constraint, thereby preventing unending increase of service points at the re-
gions of bottlenecks and ensuring economic viability of the entire processing plant.
The successful deployment of the developed poundosim using input of values within
the range of 12.25-134.75 kg at an increment of 12.25 kg shows a considerable
decrease in the total process time at optimal machine configuration compared with
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the initial reference machine configuration. Thus, the developed model does prove
useful for process plant which has similar attributes with poundo yam flour process-
ing plant as it takes machine configuration matrix and the economic implication of
production capacity into consideration.

Subjects: Industrial Engineering & Manufacturing; Manufacturing Engineering;
Engineering Management; Production Engineering

Keywords: poundosim; poundo yam; material handling; model equations; dynamic facility
layout

1. Introduction

Facility layout entails the optimum arrangement and allocation of available resources such as space,
personnel, storage space etc. to facilitate effectiveness in production process (Subodh & Kuber,
2014). A properly arranged facility improves operating efficiency which has justified the need to for-
mulate facility layout problem with the intent to solve industrial challenges. However, the problems
to be solved are diverse in works of literature ranging from material handling problems, space alloca-
tion of machines and facilities within plant site etc. With dynamic/static layout problem being the
most encountered problem (Amine, Henri, & Sonia, 2007). Dynamic layout is designed to respond to
series of changes often dictated by market and product demand; consequently making the layout
relevant over periods demarcated in weeks, months or years (Alan & Shang, 2004; Amine et al.,
2007). The essence of dynamic facility layout as opposed to static facility layout is to replace the cost
of rearrangement with the cost of reconstruction which is inherent in static facility layout. Dynamic
facility layout is a layout that permits the rearrangement of production facility to respond to product
changes and product mix; dynamic facility layout can be attributed to static facility layout rearrange-
ment to respond market changes demarcated over periods which could be in weeks, months or years
(Alan & Shang, 2004; Amine et al., 2007; Balakrishnan, Cheng, Conway, & Lau, 2003; Kusiak & Heragu,
1987). Static layout problem which is also facility layout problem is formulated as Quadratic
Algorithm Problem (Koopmans & Beckmann, 1957); the changes brought about by flow through the
facility layout permits the static layout problem to be modeled as dynamic layout problem. Factors
associated with the changes in flow are product design change, product addition or removal, produc-
tion equipment replacement, short product life cycle, production volume change and associated
changesin schedule (Heragu, 1992). Metaheuristics approach such as genetic algorithm, tabu search,
simulated annealing and other hybrid metaheuristic approach are the solution methods employed in
solving dynamic layout problem as evident in the works of Balakrishnan and Cheng (2000), Baykasoglu
and Gindy (2001), Bos (1993), Kaku and Mazzola (1997), McKendall and Shang (2006a, 2006b), Wu,
Chung, and Chang(2008) and Balakrishnan et al. (2003). The poundo yam flour processing plant lay-
out is a static layout constituting the yam selection and weighing, washing, peeling and slicing, par-
boiling, drying, sieving and packaging sections and having the capacity to process 50.25 kg of yam
tubers to 12.25 kg of poundo yam per throughput production (Ayodeji, Olabaniji, & Adeyeri, 2012) and
subsequent automation of the process plant (Ayodeji, Khubulani, Oduetse, & Mohammed, 2015)
which reduced the processing time from 6 h 12 min to 5 h 19 min. Prior to the dynamic layout model
for poundo yam flour processing plant (Ogunsua, 2016), the existing static layout does not permit
flexible rearrangement of machines, hence modelling the system as a quadratic algorithm problem
which is a complex combinatorial problem does not suffice. The modelling of dynamic facility layout
to; introduce some measure of flexibility at the regions of bottleneck, ensure effectiveness in the
material handling, increase the per throughput production at optimal production time; and some
sets of design equations to optimally populate the dynamic layout model at optimal production time
consequently ensuring economic viability of the entire process plant by preventing redundancy at
the region of bottleneck in the system (the parboiling and drying sections) constitute the latest im-
provements on the processing plant (Ogunsua, 2016). In view to sequentially arrange and imple-
ment the design equations to optimally populate the dynamic layout model for the existing
processing plant, a dynamic programming software called Poundosim was developed with the intent
to the sort out necessary design equations and data, to forecast material flow above the static
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Table 1. Machine process time at reference machine configuration

Machines Average wt. before Average weight Rate of machine | Time (min)
processing (kg) after processing
(kg)
Washing W, =4.102 W, W, =95.52% W, 3.891 kg/min T, = W
3.891
Peeling and slicing w, W,=9531% W, 12.28 kg/min T, = Wy
12.28
Parboiling W, W, =1.0197 W, 45.75 [77 min] T,=b*77
Conveyor w, W, =W, 31.8 kg/min T, =k
31.8
Drying W, W, =26.36% W, 0.16 kg/min T.= W
0.16
Milling W, W, =99.84% W, 3.72 kg/min T = We
3.72
Sieving W, W, =99.76% W, 22.8 kg/min T,= Wy
22.8

The total time taken from washing to sieving (T) =T, + T, + T, + T, + T, + T, + T,

Note: b is the number of throughput through the process plant.

Table 2. Machine process time at optimal machine configuration

Machines Average weight before Average weight after Time (min)
processing (kg) processing (kg)
Washing W, =£4.102W, W, =95.52% W, T =01
1
Peeling and slicing w, W, =95.31% W, T,=2
NZ
Parboiling w, W, =1.0197 W, T,= I
3
Conveyor w, We=W, D, = [ex[3000+833.33(N;-1)]
1 3000
Drying W, W, =26.36% W, T,= I
NS
_ T,x483.33(N;-1)
Conveyor II W W, D,= MBTs
Milling w, W, = 99.84% W, =l
6
Sieving w, W,=99.76% W, T,==1
7

T

i i ievingz= + 24 L I I o
Total time taken from washing to sieving Z mTR T +D, + v +D0,+ F 45

6 7

reference frame of the production facility, and iteratively generate the optimal machine configura-
tion within cost constraint consequently preventing unending increase of service points at the re-
gions of bottlenecks and ensuring economic viability of the entire processing plant.

2. Methodology

2.1. Dynamic programming design

Using Equations (1)-(9) and model formulation in Tables 1 and 2 by Ogunsua (2016), flowcharts
were designed to generate the material flow through the process plant, generate the optimal ma-
chine configuration and forecast process time at reference and optimal machine configurations as
shown in Figures 2 and 3. The flowcharts were used to create software (Poundosim) in java program-
ming language. The Governing Design Equation constitute following in view to populate the dynamic
facility model as shown in Figure 1: the material handling equation which extends the length of
conveyor I and the introduced conveyor II as stated in Equations (1) and (2); the objective function
equation which forecast the process time at each of the units in the process plant as stated in
Equations (3)-(5); the cost constraint equations which prevents unending increase of the service
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Figure 1. Improved dynamic
facility layout model.

. ]|
s |

MACHINES Cw ®—0
1 Washing
2 Peeling and slicing
B1 Buffer tank one
3 Parboiling
S: Conveyor I
B2 Buffer tank two

5 Drying
S, Conveyor II
6  Milling
7 Sieving

points at the region of bottlenecks specifically at the parboiling and drying section as shown in
Equations (6)-(8); and the weight constraint equation which prevents redundancy in the system
specifically at the parboiling section as shown in Equation (9).

S, =3000+ I,(N, — 1) (1)

S, =L(Ns-1) (2)

S, represents the length of conveyor I; S, represents the length of conveyor II; L, represents the extra
length of the conveyor I per number of parboiler (833.33 mm/parboiler) when N, > 1 (Ajamu, 2014);
L, represents the introduced length of the conveyor II per number of dryers (483.33 mm/dryer) when
N, > 1 (Afolami, 2014).

T

T T T T

Ts

T=-14 24+ 24D +24D, 4241 €)
Ny N, Ny TPTNg T 2T NG N,
T, x [3000 + 883.33](N, — 1
p, = Lol IN; - D (4)
3000

T,x483.33(N; - 1)
2 3000

where T represents the total process time per throughput.

(5

T,T,T,T,T,and T, represents the process time of the washing, peeling and slicing, parboiling,

drying, milling and sieving machines respectively.

N,, N,, N;, N, N, and N, represents the number of washing, peeling and slicing, parboiling, and
drying.

D, represents the time of material transport through conveyor I at the parboiler.

D, represents the time of material transport through conveyor II at the dryer.

CoNy + N, + CyN, + C, + ALy(N; — 1) + CoN, + ALg(Ns — 1) + CN, + C,N, < W, x Market cost
(6)
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Figure 2. Reference machine
configuration flowchart.

START

Enter the output
poundo yam flour

(Wo)
/.

The expected output out
of range

Is the value within
the range of 12.25kg
to 134.75kg?

Calculate W =a%W _ (kg),T = ‘l;ﬁ (min.), T,=b x 77

. W . .
(min.) and b = 2775 using W, as shown in Table 4.1

Print W, T ,band

T,

A=C,/L, 7)

where C,, C,, C,, C,, C,, C, and C, represent the equivalent cost per throughput of the washing, peeling
and slicing, parboiling, conveyor, drying, milling and sieving machines respectively.

N,, N, N, N, N, and N, is the number of washing, peeling and slicing, parboiling, conveyor, drying,
milling and sieving machine respectively.

W, represents the weight of poundo yam flour produced per throughput = 12.25 kg/throughput
(Ayodeji et al., 2015).

L, is the extra length of conveyor per parboiler to convey materials from the parboiling machine
when N, >1.
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L, is the extra length of conveyor per dryer to convey dried chips of yam when the number of
drying machine N, >1.

T, K FC,
C”zT YC+LC+N +ecn+v (8)

1

N, = 648 throughputs to breakeven (Ogunsua, 2016).

Where C_is the cost constraint of machine-n.

T is the process time per throughput of machine-n.

T is the total process time per throughput of the entire process plant.

FC_ is the fixed cost of machine-n taking inflation rate into consideration from 2014 to 2016.

K is the constant fixed cost of the control system and the contingencies.

N, <b
W, .
b= 4775 (approximated to the nearest whole number) 9)

where N, is the number of parboiling machine in the process plant.
W, is the weight input into the machine at location 3 in the process plant (Parboiling machine).
b is the number of throughput approximated to the nearest whole number.

3. Result and discussion

3.1. Reference machine configuration flowchart

The Reference Machine Configuration Flowchart as shown in Figure 2 takes the input (W) which is
expected poundo yam flour to be produced from the process plant. It uses the formulated model
equations in Table 1 to estimate the weight of material flow through the machines in the process
plant and forecast the process time at reference machine configuration.

3.2. Optimal machine configuration flowchart

The Optimal Machine Configuration Flowchart generates the optimal machine configuration for a
specified throughput capacity. It increases the service points at the region of bottlenecks; the par-
boiling and the drying section. The product of the market cost per throughput production and the
specified weight (W,) of poundo yam flour expected from the process plant is set as a constraint for
the machine cost contribution as shown in Figure 3 for the drying machine while the weight is set as
constraint for the number of parboiling machine using the number of throughput (b) as stated in
Equation (9).
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Figure 3. Optimal machine
configuration flowchart.

Read b, Ty, Ty, T3, Ta, Ts, Te and
T7. N1, N2, N3, Ns, Ng and N7

No

Is the equivalent Machine
cost<Woxmarket cost

F > Yes

)

Do N3=N3+1, replace T3 with T3 =~
3

Replace T, with

_ T4x[3000+833.33(N3—1)]
—

Dy

N|

,v

Do NeH, replaceTs with Ts ;;5

5
Calculate D, = —ex48333(Ns=1).

5

00
483.33(N5—1)
3000 ’

Calculate S>=

Do Ns= Ns+1, replaceTs with Ts =;—5,

5
T,x483.33(N5—1)
alculate Dy = —————;
Calculate D> 3000 3

Calculate S2=483.33(Ns — 1) ;

Is the equivalent
Machine
cost=W,xmarket

Yes

Print b, Ty, Ty, T3, T, Ts, D,
Te and T7. Ng, N2, N3,
3000mm, Ns, S, Ng and N7

3.2.1. Equivalent machine cost contribution

N

Is the equivalent Machine
cost=Woxmarket cost

Print b, Ty, Ty, T3, D1, Ts, D,
Te and T7. Ny, N2, N3, Sy, Ns,
Sz, Ng and N5

The Machine Cost Contribution per throughput is as stated in Equation (10) using Equations (6)-(8).
The detailed estimate is as shown in Tables 3 and 4 (Ogunsua, 2016).

426.57N, 4+ 201.49N, + 1814.65N, + 4668.85N, + 119.31N, + 66.55N,, + 46.65 < W, x Market cost

3.3. Dynamic programming result

(10)

The software developed (Poundosim) was tested with values within the range of 12.25-134.75 kg of
poundo yam flour per throughput capacity at an increment of 12.25 kg. The machine processing time
for each of the machines in the process plant as generated by the software at specified ranges of
input at reference and optimal machine configurations are as shown Table 5. At reference machine
configuration when number of parboiling (N,) and drying machine (N,) is one as shown in Table 5, the
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Table 3. Machine energy cost per throughput

S/N | Machine Powered Power Total Time per Total Cost (M)

component (kw) power throughput | energy (ec)
(kw) (h) (kWh)
1 Washing Pump 3.2309 3.2309 0.215 0.6946 29.17
2 Peelingand | Peeling shaft 3.2800 3.2800 0.055 0.1804 7.56
slicing

3 Parboiling Shaft 0.9321 2.4321 1.283 3.1204 131.06
Heater 1.5000

4 Conveyor Drive shaft 2.2300 2.2300 0.025 0.0500 2.10

5 Drying Heater 3.000 3.4321 3.600 12.3557 518.94
Shaft 0.4321

6 Milling Shaft 0.9694 0.9694 0.055 0.0533 2.24

7 Sieving Vibrator 0.5966 0.5966 0.009 0.0054 0.23

Table 4. Equivalent machine cost contribution per throughput (C )

Machine Fixed cost per Energy costper | T, (YC +LC+ X ) Equivalent cost
throughput % ) throughput T ™) N per throughput
' (ec,) (¥) (C) M)
Washing 155.07 29.17 242.33 426.57
Peeling and 123.00 7.56 70.93 201.49
slicing
Parboiling 217.34 131.06 1,442.17 1,790.57
Conveyor 56.30 2.10 28.30 86.70
Drying 93.49 514.94 4,044.65 4,654.08
Milling 55.16 2.24 61.91 119.31
Sieving 56.30 0.23 10.02 66.55

length of the conveyor I (S,) and conveyor II (S,) remains at 3,000 and 0 mm respectively in line with
the process plant design (Ayodeji et al., 2012); an indication that while the parboiling and drying
machine is one, there is no need for the extension of conveyor I length and the introduction of con-
veyor II. However, with the increment in the number of parboiling and drying machine, the length of
conveyor I increase to accommodate the increasing number of parboiling machine while there was
introduction of conveyor II and an increase in the length of the conveyor with increasing number of
drying machines. There was also a significant reduction in the process time when the total process
time at optimal machine configuration was compared with the total process time at reference ma-
chine configuration for specified throughput capacity as shown in Table 5.

Where T, T, T, D,, T, T, D, and T, represents the process time of the washing, peeling and slicing,
parboiling, conveyor 1, drying, milling, introduced conveyor 2 and sieving machines respectively.

N, N,,N,, N, N, and N, represents the number of washing, peeling and slicing, parboiling, drying.

S, and S, represents the length of conveyor I at the parboiling machine and introduced conveyor
II at the drying machine.
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Plate 1. Poundosim interface
showing material flow through
the process plant.

J Waching Reference Table I Rates of Machings I Heration Phase }

Machine Reference Table

This Applcation prints out the machine reference table based on your
xpected iput,

Kindly fil in the th required i to generate your machine reference
tab,

The range of vaues ae from 1225 - 2315 (kq)

Entertheeneced Ouputfg ;| 1225 (Generate Reference Table

Machine Reference Table Generated

Wachines | Weight Before Processing(kq) Weight Afier Processing(kq)

Washing 505 480

Peelng & Sicng 40 475

Parboing 675 4,65

Conveyor 4665 4665

Dryig 4,65 123

i 03 0% 0 To Reference Table
Seving 1228 1225

3.4. The Poundosim software

The interface displaying the reference machine configuration and process time, optimal machine
configuration and process time result for the developed software is as shown in Plates 1, 2 and 3. In
line with the design of the flowcharts in Figure 2, the software generates the material flow through
the process plant using model formulation Table 1. Upon the input of the expected poundo yam flour
output (W,) within the range 12.25-134.75 kg as shown in Plate 1, the Generate Reference Table
button generates the material flow through the process plant; subsequently, the Go To Reference
Table button switches the top menu from Machine Reference Table icon to the Rate of Machines icon
in which the Machine Reference Table displays the material flow through the process plant, the ma-
chine ratings and the reference machine configuration and corresponding process time is as shown
in Plate 2. On the Machine reference table icon, the Go To Iteration button executes the
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Plate 2. Poundosim software
interface showing (a) machine
reference table and (b) machine
reference configuration and
corresponding machine process
time.

r - oEm
[ Machine Reference Table [ Rates of Machines | teration Phase |
Rates Of Machines q
Type of Machine
Time Reference Table
T,, N, => Washing
| Rale of Machines(kgimin) | Time(min) | Weight | Weight After i T,, Ny => Peeing and Sicing
3.891 1291 50.25 4.0
1228 391 480 4575 Ty, Ny => Parboing
77.0 770 4575 46.65
30.69 149 46.65 46.65
0216 21597 46.65 123 Dy, 5,=> Conveyor 1
3 331 123 1228
238 054 1228 1225 Ty Ny => Dryng
The number of throughput = 1.0 D, 5,=> Conveyor 2
Tg Ng => Miing v,

T, Ny => Seving

Machine Reference Configuration

Type of Machine: Ny Ny Ny 5, (mm) Ny 5,(mm) Ne N,
| Number of 1.0 1.0 1.0 3000.0 1.0 0.0 1.0 1.0

(a)
] -
[ Wachine Reference Table | Rates of Hachines | Heration Phase |

Machine Reference Configuration

| Type of Machine: Ny N, Ny 5,(mm) Ny 5,(mm) Ny N,
Number of 1.0 1.0 1.0 3000.0 1.0 0.0 1.0 1.0

Machine Reference Time Table

. : - : y
Type of 1 1 T Dy Ts D, Ts T Total Time
Tme(mins):  12.91 391 77.0 149 21597 00 331 054 315.13

Go To Iteration Table

(b)

programming command for the dynamic programming design of the flow chart in Figure 3 to gener-
ate the optimal machine configuration at initial specified input (W) and switches the icon menu
from Rate of Machine to Iteration Phase where the optimal machine configuration and the corre-
sponding process time is displayed as shown in Plate 3.
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Plate 3. Poundosim interface
showing the optimal

machine configuration and
corresponding machine process
time.

u -
{ Machine Reference Table ] Rates of Hachines I Iteration Phase]
Tteration Phase %
Optimal Machine Configuration Table
f T I |
Type of Machine: Ny N Ny 5,(mm) N Sy(mm) N Y,
Number of 10 10 10 30000 20 48333 10 10
Optimal Machine Time Table
I 1
Typeof T T T ) D, T 5 Total Time
Time(mins): 1291 391 70 149 107.99 0.4 331 0.54 190.33

4. Conclusion

The developed poundosim software was able to sort out the necessary data, forecast material flow
through the processing plant and implement the design equations to optimally populate the existing
dynamic layout model. At inputs within the range of 12.25-134.75 kg poundo yam flour at an incre-
ment of 12.25 kg, the software generated optimal machine configuration with a considerable reduc-
tion in total processing time compared with the reference machine configuration at equivalent
throughput capacity consequently bringing the machine configuration matrix and the economic vi-
ability of the processing plant into context. Although the software is tailored to poundo yam flour
processing plant, the software application could be broadened to handle other processing plant with

similar attributes.
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