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Abiroct :.~am'fbur is usually required for the preparaUon of pounded yh Whlch is a dally nutdthnal fwd 
requlremeilt for most Africans. it facilitates h e  prephatian of pounded yam for both domestlc end cwnkclal 
dorrsumptlon. The prpducfion process and the baslo operations involved In the production of pounded yam ftour 
have been investigated !n'@her to -ti& the prodyctron capadty of the company studled, A time study mode! 
was &weloped and appli@ to aria1yze the vartws baAc operaths Imrolved in the production of poundgd yam 
bur .  These b d c  operatiom incl-; the sbleciion of yam, HFelghlng of yam, washing of yam, peeling of yam, 
slicing d yam with a sllclng machine, parboiling of sliced yam with a parboiler, drying of parbdled yam wllh a dryer, 
.millfng of dried yam Into yam flour with a hammer mill, packaging of the y m  flour and sealhg of the padrages with 
a sealing machine. 

In this paper therefore, a matt?ematlcal model was devdoped with the application of dtfferent Jechniques of 
d\ffer&dlal calculus to the corhponent dements of Re produdon process of yam flour.The study reveals that the 
time #takes to produ- some kilogram unit .of pound& yam flour is.drectly proportional to the number of produc- 
tion stsges Involved m-&ttm lime spent at each of 'these production slages.Thls time Is belng represented by some 
&wturat equations whl& ate &meteristics of the system being studlfl. 

. . , . I '  
f .O ~ O D Q ~ O N  

%me study which is a branch of work study incorporates a range of concerns, including its 
definition and management. It involves a technique of work rkasurement which is aimed at 
assessing human efktiveness rhereby making possible improved planning and control man- 
ning and.as basis for sound incentive . . schemes, . - for higher productivity. h is a scientific tech- 
nique which is used by most mbufackJPing organizations to aid dispute settlement between the 
employees' association of the company and management regarding issues of productivity (Oke, 
206). mme study is a -techiique of &a& measbmrnent designed to establish the time for 8 
qualified-worker to c e  out a-specified job at a defined level of performance and research on 
time study incorporates a range of concerns. includirlg its definition and management (Edo el 
al., 2001; Wonah and Smith, 4985; Watson,l988; Aft, 2000). 
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The word yam comes from Portuguese name or Spanish name, which both ultimately dei-ivc 
from the Wolof word nyam. meaning "to sample" or "taste", in other African languages h can 
Jso mean "to eat" e.g. yarnyarn and nyama in Hausa(Mi@ouna, et al., 2003). Also yam, is &e 
common namc for some species in the genus and they are perennial herbaceous vines cdtiva@d 
for the consumption of their starchy tubers in Africa. Asia, Latin America and Oceania. They 
are used in a fashion sim'iIar to potatoes and sweet potatoes, (Brand Miller, et al., 2003). Yam 
pmdoi% g g e n d  y have n lower glycemic index than potato products (Kay, 1 987). which rnw 
Qg...@ey . ,~ !1  provide a more sustained form ofa,e,nergy, and give better protection agiilnsj .. _  be- , 

%abe'te's (Wdgh;' 2003): 
+.sr:YaqryIii6h is  cidk ofhihe d~'des\ knciwn &ipcs to man .is a tubq. cmp, which belbngs, to*.the - :A* . 
3 k&yje&:&d %&.%. a $& d f a c  14frjcb h d  fk atufii$, j~ sw natun 

&&s s ~ % G ' ~ ~  &bnd iy&:it>is becn beaten in a rnortir wMch is then consumed &;mk1 
2'"- , - ,. -. 

with a good c h o ~ a  of ~oup:'Pciunded yam is a itapie food,-which?s ~consund by'dk&t,&ery 
tribe in Nigeria. The indigenous process of production i s  very laborious. It requires physical 
pciu~iagby .two o i l  mow men or- womm+.bepending on the guacti ty, in mortars w kq, p$$h 
'Ihc world produgion of. yam was estimated at 28.1 million tonnes in 1993.0ut.of his p r d u + L  

' tfon,96% .L~,:. , came from West Africa, the main,tproducers king Nigeria with 7 1 90 of world Prod@- 
tion:&& tt'lvoiie 8.1%; Benin 4.3% and GhGa 3.5% In.the humid tmpicalnwunaies df WRF~ 
Africa, y m  are & of the most highly regarded food products and are closely integrated into 
the social, cultural, economic and peli gious aspects of life, Tradi tionaI ceremonies still accom- 
pany yam production, indicating the'high status given to the plant, (food Information Ner. 
2008). 

This paper is an attempt to present the methodology used in the production of pounded yam 
flour by the company whi'ch involves the basic operations of yam selection, weighing of yam, 
washing of yam, peeling of yam, slicing of yam with a slicing madhine, parbbiliqg of,djmd 
yam with a parboiler, drying of parboiled yam with a dryer, milling of dried yam into yam~flour 
with a hammer miI1, packaging of the yam flour and sealing of the packages wish a sealing ma- 
chine. The time study technique was used to develop e! model which was used to estimate the 
production capacity of each of these operational stages and the total productivity .of the company. 

2.0 PRODUCTION PROCSS OF P O W E D  YAM-FLO'UR 

The production p m s s  of pounded yam flour consist$ of some basic operations as follows; 
Yam selection and weighing which invulues rhe weighing of the selected yam and the thorough 
washing .of the sleeted yam. Next is  fhe peeling and slicing of the yam in which the washed 
tubers are cmfally peeled manually while the peeled tubers are mechanically sliced to desir- 
able thickness with a slicing machine made of stainless stet$ blades. The yam slices.nre gar- 
boiled for some minutes, depending on the thickness of the slices while the parboiled yam 
slices are dried in a dyer  at a specified temperature. The dried yam slices are milled directly 
inta flour of uniform particSe.&ze distribution, while the yam flour is packed into airtight, 
moisture proof packaging materials. The basic production stages are shown in figure- I .  These 
basic operations include; the selection and weighing of yam, washing of yam, peeling of yam. 
slicing of yam with a slicing machine, parboiling of sliced yam, drying of parboiled yam. mill- 
ing of dried yam into yam flour, packaging of the yam flour and sealing of the packages with a 
sealing machine. . 
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Fig4  : Flow Diagram for the Production Stages of Pounded Yam Flour 

3.0 THE MATIIFMATICAL MODEL 

The basic activities in yam flour production were studied in order to be able to develop 
mathematical model for the problem. The llrst mathematical expression for the time study model 
frarneworlc is as follows : 

I n 
,Ah*- L=CL~ 

i=I 
I]) 

where (t) represents the total time used in producing a unit of product. The variable (i) 
represents the various workstations of i n w t s  (i.e. sele~tian and weighing of yam, washing of 
yam, peeling of yam, dicing of yam with a slicing machine, parboiling of sliced yam, drying of 
parboiled yam, milling of dried yam into yam flour, packaging of the yam flour and sealing of 
the packages with a sealing machine) With close observation of the various workstations, there 
>are variations in the rate of working for both the individuals at the workstations and the ma- 
chines doing the actual operatibe: Therefore, we introduce the rate of working for both the 
machines at the various workstations and the workers as differentids that are expressed math- 
ematically; For, instance, if machine i is represented as mi, where rn, may be mi for the machine 
that does the worlc such as selection and weighing yam station. %, is the machine that does the 
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work at washing of yam s t a t h ,  while m, is the machine h i  does the work at peeling of. yam 
station, etc.). 

If the time token by the 'in-process' produ~r i s  time t, theri mathematical expression be- 
comes; 

' d wn-m-b - 3 

- .dt- 8 

~ l s b ; i f  0 - ~ p s e n t s  the humad worker at workglation (i), and this worker works fbz o 
period gf rime t'uhits, then we can express the .rateoof working of this 'worker as : 

d p . .  .,. -'- 
I . ~ . : ' I . ,  "d whe* &- 
.. C . 7 "  .- .'dF . 

Since in time study activities a provision of allowance is always very necessary, we now 
inmduce'a;pa@qm 'T,' joto the wadel. . . . .  + . .  

Therkf~re', hihegeneral mathematid expression for the production time at each work-' 
station is  give^ as. : -; 

4 I 

where g(t), is a normalizing function which converts the expression into time units. Substi- 
tuting Equation 2 into Equation '1 gives the following equation. 

n 

but = Ct, = nl, 
1 

1 
x-xf(y, t nt, 

Amt Awi 
It is assumed that the ma at which machines are-produci~g and the workingmte .. . ~f workers 

is conshmt. Thus Equation 5 becomes; 

1 - 1 .  1 -  1 
as-and pas-' we' generalize the madel by %king f(y,) as fw), Am, Awi Aw 
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Assumtng that the total number of products produced is dtnoted by synlbol (XI, while T is 
the total time spent for all the4 p~dttct6; Equation 6 above b ~ e s ;  

n 

. , . .  

Equation 7 is the general formula for thq total time spent id producing x products. 

3.1 Raw Materials and Electridty Supply. 

Consider the issue of unavailabifity oftaw materials which are the fresh palm fruit h c h e s ,  
wd inrgulq+ctridty supply .w+.assuming thai [@),is ofundon of these two paramelen ~ f ,  
. hdiw such. +at .wFhgve flyl) and fO; 2). M m  Equatidn 7 &I now be expres* as fdllows ; 

..'. 

A -This equation gives the real general forhula for the total time spent in producing y prodr. . 
ucts. 

- 4.B APlWCATION OF TEETIMI3 STUDY MODEL AND DISCUSSION, 
; q  . .  . - 

" . T I  . I . .  

Tbk7shidy.whjch is a c ~ e  &dy of a pounded yarn'flour &&sing company, is a real life 
situation of a production company in Edo state of Nigeria. The company specializes inproduc- 
iilg production of pounded flour with 1 8 workers: The company has different types of machines 
and other facilities for its production. ?he company operates a nine hours daily' production 
cycle: However, during festive periods such as Chris'tmas, a large number of customers usually 
patronize the company's pqoducts resulting in huge spike sales. This sometimes. usually leads 
to increase in the daily working hours of operation.' 

?his p e d  formula for the total time spent in producing y products is given in the equation 
below (Oke, 2006). . . 

1 n 
1 I . , r [ - x - j ~ + n t a  Am AW t , (9) 

where T is the'total time spent for all the producw, X = number of products produced 
n = number of workstations and $ = the time allowance, ,*, . _ . 

.'Assuming that the electricity suppiy index (y ) obeys. a linear function such as 2y + 5 ,  then 
the expression is now f(y)= 2y + 5. From the above equations, we know that (n) is h e  number of 
workstations while It,) is the time allowance, from the actual production observation;the math- 
'ematical model that fit the time problem in terms of number nf machines is : 

t=my3+ma"ya+y . . 
(10) 

: 'DiWntiating Equation 10 gives : 

Ah, the mathematical expmsioii that r,gmmts rime wilh respect to the number of workers is : 
t= .Wy3+WZy2+  y (12) 
Differdating above gives : 
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Nok-that (n} has been stated earlier as the number of workstations, and (t ) i s  the time 
allowance. 

If 87 gm of yam flour are produced by the company for 0.056 second per unit product, then 
we have allowance. 

- I,,= .87 x 0.056 seconds. = 4,872 seconds. 
Therefore ta = 4.872 seconds, 
while.. stl = 7 x 4.872 = 34.104 seconds. 

1 3  But -- 2 I - x ,  tamx and-=x3 + 2 w x 2 .  There-7 workstations forthe yam flourpro- 
Am Aw 

duction processes,  hen.^ n = .7:.From equation 6, we can now estimate the values of t; 
n I .  I . -  1 

. . 
" 1 1  3 

x - J f (y)dy + nt, and the values of - as x + 2mx z We know that t = L = - 
Am Aw . Am 

, , .The a ~ e y g e  .period, electricity fails in a day .is 65 minutes, while the average daily working 
time is 9 hours. 

Note that x is the ratio of the period when electricity fails in a day to that of the working 
hours for chat same day. 

65 min utes 65 = -  
Thus* = 9 x 60 min utes 540 

- 0.1204. 

This gives an index value of 0.1204. 
Note that h e  number of machines m = 5 ,  number of workers w = 1 8. Then qince f(y ) = 2y -t 

5 ,  we now evaluate the function by substituting into liquation 6 as follows; 
F. 

Note that at the stan of production process, all the facioks are zero since no product has-beer. 
produced. This gives the production constant c tc be zerc. 

1 1  :. t = - ~ - ( ~ ~  +jy)+nt ,  
Am Aw 

Now substituting the required values into the equation gives : 
t = ti = (y3 + 2rny')(~,~ + 2wy2)(y2 + 5y) + n t  (15) 
:. t = (0.12M3 + 2 x 5 x 0.12042)(Q.12043 + 2 x 18 x 0.12042)(0.12042 + 5 x 0.1204) t (7 

x 4.872) seconds 
:. t = (0.146706937)(0.523.Q137097)(0.6 16496 16) + 34.104 = 34.15 1 357 seconds. 
:. t = 34.151357 seconds.. 
or t = 34.2 seconds. 
Note that ; = 0.075 second per unit produck therefore the total products produced in 34.2 

seconds; 
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- '  - . 342 sw onds 3 4 . 2  - . 
=- uW product 

0.075 sec ond per unit product 0.075 
= 456 units ,& pradskt ip34.2. sec~fyds:~ - . 
Therefore the total units of produet produce in average daily working period of 9 hours 

456; 9$&0 ~t!-t .biids - 
- 0  . 

.is = grkmsof yam flour = 432,000 grams of yam flour. 
. mu 34.2 ,w onds 
= 432 kilogrdhs-of y a m  flour. . ' 

That is 432 kilogram h i t s  of yqn flour would be produced in, an average d,dy waking .. , " \" . 
period of 9 hbbw, -- . 
- 
h conclusibn; we have herefore be a& apply a time study mamematid model in corn- 

puting h e  time rquired for opeiatipx~al activities in the production processes .for yam flour 
which is usdd f ~ r  r n ~ n ' $ ' $ p & ~ d ~  &'&d it ~ s ~ k m  that 432 kilogram units of y a m  flout bould - 

. . , ,  C ' I t  &:pduc& i$$&c fidQts; 4 

k.0 C O N C L ~ ~ ~ O N  
ThC production of yam flour by the company studied has been thoroughly examined. The 

nine basic opeetinftd activities yefe t)lorougMy studied and these spomtionaI acivities in- 
clhde; the s'&eelion 6f y &, k4kghing of yam; *hshing of yam; peeling of yam, slicing of yam 
-wi@ a sf icingmMm fi&bt&ling:~$-sEaSpam, !drying of parboiled yam, milling of drigd' yam 
into yam flour, packaging of theyam flmr ind maling of the packages witfi a sealing inachine. 

Our studied reviewed that the setting of standards for achieving production targets for the 
yam flour company is very important md oie of the techniques far achieving this aim is the 
application of a rnathematicdfy developed time study models in the monitoring and cantroI of 
employees on the company production floor. In this paper'therefore, a time study mathematical 
model was developed with the application of different techniques of differential calculus to the 
component elements of the production process of yam flour in other to analyze the various 
production activities of the company. 
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