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Assessment o.f impact response of fruits and v
4 be used to predict subsequent damag gl e
cl:l(]):ll sy ot impact Is 2 fUllCl(}on (l)f(i‘lllmdg'cs suflered by these produce in transit. Us;
' developed Ol the mass of the sample and the hei i VAg Uie Coficept
0qmpmcm was developed. Combining some basic engin $ 1c height of drop, an impact testing
e

functional requircments, the developed machine has a platfocmg cesight conslderafions with ofher

' urface platform, a T rm for holding and releasing
g ; supporting stand, a column(adjustable) mcasufing ta;cc1(Cc‘l‘i::inlzjl')0f Si;)t;lpl?s,
: sital), a box lor

collecting the falling samplc and a spring lo: : ;

developed machine which is simplc?n oi’)cr:lcil(c)g f\lzlxgcbior e sa.mplc e St

agriculluml B i ciclang of en uscFi to determine impacl damages in some
4 5 : g ggs and potato bruising. The machine was used to subject

potatocs 10 impact damagge in a _study 1o assess the stability of the produce under sct conditicmJ f

tcmpcralurc and rclative humiditics. The results showed that sound agria potato is more stablc lshz:)n

{he impacted. The results of the performance tests showed that the developed machine can cffectively

be used to cqnducl experiments in this arca which hitherto has reccived little attention duc to lack of
instrumentation.

ables ¢z igni
n produce significant results which
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The shelf tife of fresh producc depends o both the prevailing cnvironmental condition and
the level of tolerated loss before it is declared unsuitable for salc or consumption. Product marketing

- Managers, rescarchers and development managers often request information on the expected shelf life

- simulation 1o reflect the cffects of the load, T

d. Unlv.
 *Allsegini, £ .5 A and ~ldah, P. A 2 g e vith Institut fur

of a product which requires long duration of cyperimentation (0 obtain the answcr. Conscquently, the

rescarcher would often device means for accclerated shelf life testing procedures. This is more so now

{hat the demand for high quality fruits and vegetables has risen worldwide (Porritt, 1982), thus

increasing product mobility and range of distribution. e Sadheaal bl
: <a] damage in fruits and vegetables has been on 10t : It

L -, ing, primary processing(sorting, washing,

found that most of these types of damagces arc from transporti

: i lutions 10 mechanical damage
o i et taned Bt al 199), Profermng solutior
B o e : irc cither actual (in-situ) evaluation of damages caused to

problems in fr its and vegetables reqw! CREdn : ;
the produce s:‘sr::é‘tr:dtfoarcal ligl'e situations and conditions which is time consuming an;l tc‘lu“co?ﬂtiz
involves a ve Jlar ¢ groups of participants organisations and syslcnis, fru;]rlci:“:::‘t{c‘:rlc%nsincc &
damages in thr: labogratg:y using appropriale cquipment and methods. The %2 .

could be casily monitored and controlled.

: Mechanical damagces could be from th

1) road

1) vehicle

i) the matcrial

V) packaging and packagces

(V)anary proccssi“g, . y he SludV is the formul
$he assentlal facior Uity tc:ad, vch'ich, pﬂckaging a
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Development of an impact testing he clements pertinent to the system and their "Nerp),
eveloy (3 sl AP S ‘

: alton ol t
identificatt

cally. ‘These clements among, olhcr"s e incluac‘:'\\“’. '

S S"\‘S'L\nlilllul“.\" nd nature of road deformation. road byy, % J |
vehicle velocily. |y\|m.‘: 'l.l' on the road, produce packing factor, hCiN\L \n

number of kerbs Sodoo mouterialis height and depth, p:lcking 2

h other, packag producc firmness. produce modulyg o q:

would involve the .
propetly relate these
suspension systent. i
bumps. number of polhf) C .m pr
st of producc resting 0N CatA b il
llllllllfif Ofl'plr(uck trays. monolithicty ol ‘loddlllg-
location 0 o
' ation and producce types. s L
R b 1cr'1)l{v agreed that thc majorily of these factors resy) 0,
| a5 . 3¢ WA P . . ’
However. it has bcmll;d " f()«)l) Cvaluation of mcchanical damage  studics X
synonymous with lmD;lCl. (/_\ llSC'l ’ slapcs 'Conchucnlly. rescarchers often result to chigmnl
agricultural produce arc Sllll‘ in carly stag ‘.M i iy cnsshes it (i i
own scale and cquipment for asscssment (Mo _‘.d i
-Onsume ing impact of materials could be expressed as: S
consumed dunn% mip)lct ;)f e o
€41y = (1-67 )mgh = S i '.
where “'ab‘l - energy absorbed. £ = cocflicient of restitution, m, g, i} = mass ol malcrial, gra\“h
pull and ‘pcii-‘hl of fall respectively, This equation cssentially implics that the energy at imp
function of the mass and height of drop. ‘ ' l 3
Three major testing, methods have been deyveloped in recent times on the applic
controlled impact (o fresh agricultural materials. These are:
1) The mstrumented procedures '
1) The free- falling instrumented devices

i) The spring actuated falling rod. In the studies of impact damages on polatoes 3
(Ajisegirt er al,2000). it was stated that for cach produce, a threshold value of cnergy exists for
form of mechanical damage. Working on fresh potato tubers (V.agria and granola). it was stat
to cause internal injurics due to impact. the v

lo can alue of the encrpy required approximates 0.6 Joules.
nnplngs that one could qctcrnnlil1c the mass and height of drop that is safe for the produce &
handling and transportation (Ajiscpiri et al, 2000).
Asqcssmcm'or impact response of fruits and vegetables can produce significant results v
could be used to predict subscquent damages suffered by these fruits and vegetables in transit, S
Assessment could further generate basic data (hat o ceptualize appropriate hand
devices that Wil result in minimum damage (0 these produce during hzmdliné llpig ‘lt)r ‘deqi;ab
;])i,mlop an-mmpact testing machine that will be simple in opcration dt;r'iblc a:::l\ 1iT0r
elopment of such a device will £0 a long way | idi ¢ s ‘
CIopm { Ay In providing most of (he | ics |
; , i = ! abor: N
Uniy crsmcfi an]d rescarch institutes opportunitics (o conduct experiments in these arcats)m"bltm‘cs |
Vthe Institut fur Landtechnik Univers; ‘ :
: ‘ ” 2rsitat 5 |
mechanical damage on the rate of weight loss rcspir:’tioﬁor;;/:, i C;ms -dcsxrcd o find the effect
»é ¥ ¢ ] { ¢ C z ] 7 ~
:(\ngm et al, 2000), Bt il . A€ and moisture content on fr
IC Mg

o =2

csh pold

1sured weipht was cumbersome with quite - (o MM o determine the height or drop based

oo ure a few attended problems, an impact maghine
De

sign Considerations

I'he concept of (his ¢
cause damay

were made:
|) Height of produce fy))
n) \Vcnghl of the produce
!u) cree-falling condilion
iv) lmpaccing surface
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g For the purposcs of design, pot

Studies showed that the energy co
Ea = ( 1-¢* )mgh

Where ¢ = ( ho/ Iy), and the ratio

e i ato (a 'lubcr vegelable) was used to calibrate the sysiem.
Y consumed during the impact of material is expressed as:
B oo rbcd : of hy to Iy for general application is upproxim'ilci(yl)'i 5.1, Ban =
s, C = cocfTicient of restitution = 0.53, m = mass of the matcrial, g = force d. Sio b e

and h = height of fall. . a8¢ atcrial, g = force duc to gravity
It has bcen cstabli ‘
i d'l;(l‘lb,l:(h:\d Ih:l_l.for potatocs the threshold valuc of 0.6 joules is sufficient to causc
g, ;Jsi;f . J’I'slci—,m et al 2.()()()). By this samc concept, an actual height could be determined
m'lgni‘ludc e c%ml c;! ;«:nl]u: as a guide. From visual perspective, it is assumed that an cnergy of the

X g amage potatoes could also causc damage to other crops such as toma
oranges. avocado, onions, cabbage ctc. £ s i
To d i i AT : !

o c“f‘:“""c the height of operation, it is only required to determine the minimum weight of 50 g
(approximately 0.05 kg) which was fixed for the crop.

B s 1{\'}‘_‘31““!)“%“0“ is that any crop with a weight less than this would have to utilisc another
mct 211 1 lhcsc; parameters sclected, a threshold height could be calculated thus:
E., = ( 1-¢")mgh = 0.6 Joulcs
That is. ( 1 -0.(53)’x 0.05x 9.81h = 0.6 Joulcs
H=1.171 m.

; Thi§ implics that a minimum of 1.71 meters is required to produce this force. For the purpose

ol ihl.s dCSIgn. a total height of 4.0 metres was used. This means that the equipment would be able to
ral -a total of 1.41 Joulcs on a sample of 0.05 kg, This force is considered adequatc to cause
ture to most biological materials. _
1Ic impact machine has the following major components: platform for holding and rcleasing of
¢, impact surface or platform, a supporting stand, a column (adjustable), a mcasuring tapc
, a box for collecting the falling sample and a spring loaded slide for relcasing the samplc

platform.

dcsign of the cquipment was bascd on the principle that impact energy is a function of the
t, (h) as given in cquation (1). The machine consists of a vertical column, a matcrial

platform, a ‘material releasing mechanism, an impact surface and a supporting stand. The
sonents were designed and constructed as follows:

pmn .
» column formed the framc on which the other components arc attached. The designed
¢ based on equation (1) above. It is made up of three

d hence the sclected dimensions wer
aluminium pipes ( 60mm X 60mm x 1200mm) each. Holes were made at the ends of these
{ o couple the three units together to form the

smaller pipes (50mm x 50mm 160mm) arc uscd { '
lumn. The splitting of the unit is to facilitatc casy handling and transportation of the

it. The total height of the column is 3600mm.
I Holding Platform :
comprised of two 100mm X 300mm stai
ona stecl rod which is actuated by 2 sp
means of a little extension from one plate.

Release Mechanism
compriscs of a handle, a coil, a slide and a sp
50mm which is bolted to the column by means o

is 180mm long, The wire coil housed in a ru
. Attached on this unit is a measuring tape which

nless steel plates which arc bolted to the units that
ring loaded slide. They are constructed to lap cach

ring. The handle is coupled to a plate of
f another plate of 30mm X 110mm. The
bber tube is connected to the material
measurcs the height from the impact
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Can impact !
Deyvelopment of an impact

)
surtace to the material holdmg |

e B ‘
fmpact Surface (platfarm) i
This is the umt on which the i -

< (cel plate of 200mm N 3001 4! ’

constructed from steel plat ot g

il ) HOmn : -
platform depending on the ty

(he matcrial 0 be assessed falls on

cd on the column frame by mMcang Orm\;ilg
i . v 1hat e \or

i made in such a way that varjgyg g Cr

( 110mm X S0munt it e n!'c,\'pcrimcnl 1o be COllduclcd, ng

pl‘tlc\
laced on the

matertals can be p : i :
ind bar. The bars were ol dimensions 57y,

Supporting Stand . Siies m .
| Lhe stand was constructed Iu,nn‘-‘lul |)|.|L\()mm Qunits) 4lso sliphtly slanted also, e pl-‘,l\

: e slanted and Hoomim A - 4 - s * platg

Omm (2units) which were slante ¢ of dimensions 530men long, and 100mm wide, The i Wi
]. Y 4 P L}

which holds these units in place

constructed m form ol a tapeztun,

A leyeling unit is attached (o the stand.

seration Principle : ;
g '\'\“l':ll‘\ llllul:fll'nt'c picces of the aluminium pipes are coqncclcd. UICY‘f”C 'thCT- I’O(l;cd (o the Slzn?d‘
The other components are bolted on this column. The material (o be asscssed 15 PACE PR l.hc malerig|
Lolding platform. the handle of the releasing mechanism is then depressed whl.lc the slide is pulled by
the action of the spring, The plates are splitted by this action while the material falls frecly on (o (he
nnpacting surface, The impact parameter to be measured can then be determined. For instance,
Knowing the height of drop. the energy required to cause such impact can be determined from cquation
(D). Tmpact parameters such as deformation, rebound energy and duration of impact can also be
determined. Bruising can be determined by measuring the diameter and depth of indentation.

Performnce Test
The designed machine was fabricated and used to subject potatoes to impact damagges in order

;0 "_’J?S“S‘”C the stability of the tubers under certain conditions of (cmperaturcs and relative
WNUAItes.,

Test Results

: I'en (l()). tubers of (wo varictics of potatocs agria and eranofe were  randomiv saléeted and
used for the experiment on impact damapge. Each of this tubers \'\::m weighed a d b bt t' "1I {
they were dropped at heights corresponding, to the individua) \"Cil'l\}q (o ; 3 ‘" . e v .
cach tuber, The corresponding height determined bused on cach \\"ci.nhl .l‘m’l?‘f(:l H l(?rc'c‘()l 0.6 Joules on
‘ An approximate 5 kg of each sample of tubers subjected (o ﬁ .IS.L,I"(" 310 Tndin,
for 15 days at 47 C and the stability quotient is presented as Fi wure 2 PHCt Al Soue Do g stored
It was shown that the sound agria polalo is more slzlbic llll)' . :
cquipment is cffective as an impact applicator. an the impacted. This proves that the

Conclusion
The developed equipment has been used 1o impact dapg
g

cffect of such damages on storage stability. The resulig of these studies gl
- ® Showed that damaged potatocs

r«.fq{urc higher (cn'lpc_miurc and relative humidity for stavility
cquipment can cflectively be used to determine (he impact ener : ?Ound tubers. Hence, the developed
At enerpy of sever, «

thus making researches in this area \ery promising al fresh agricultural produce

1 e
5CS on potato in a study to assess the
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Jariation in mass and height of of potato during the test

Mass of potato (kg) *, HAgu ol oep L
0,157 : : 0.534
0.214 ().392
0.110 0.762
0.204 0411
0.211 v ; 0.397
0.180 ; ¢ 0.466

0.144 " 0.582
0.097 0,964
0.115 0.730

0217 (),386
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rawing of the Impact Machine
: 2. Material relcase mechanism 3. Digital tape holder
platform 5. Column 6. Supporting stand
8. Collecting box
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