Journal of Applied and Natural Scien843): 1267 - 1277 (2016)

Optimization of the process parameters in rice millusing Response surface
methodology (RSM)

Kumkum Pandey and Deepa Vinay

Department of Family Resource Management, Colldgeéome Science(. B. Pant University Of Agriculture &
Technology, Pantnagar-263145, (Uttarakhand), INDIA
Corresponding author. E-mail: Kumkum.pandey.uniqge@il.com

Received: October 20, 2015 Revised received: 2@ri2016; Accepted: July 18, 2016

Abstract: Objective of the current study was to analyze a wooden plank used as a loading ramp to perform manual
handling task with a view to redesign and develop the new one for agriculture. Developed ramp was more wide,
static and non slippery than the wooden plank. For this purpose experiments were conducted on a group of 10 ex-
perienced manual handlers in the KLA rice mill of Rudrapur Block, district Udhamsingh Nagar, Uttarakhand, India.
The reliability and validity of the developed, modern loading ramp was assessed by using response surface method-
ology in terms of change in MSD, heart rate and VO2 max. Therefore RSM was applied to optimize the operating
parameters of ramp such as load weight, height of ramp and time. As per Box Behenken design total 17 experi-
ments were carried out. Each parameter was varied over three levels as load weight of 40, 50 and 60 kg., height
of ramp 3, 4 and 5 feet, and the time viz. 3, 4 and 5 min. ANOVA test and coefficient of determination (Rz) were
applied. In result it was observed that use of developed pant loading ramp was able to reduce heart rate of se-
lected respondent’s from 135.4 beats/min. to 126.76 beats/min., MSD from 85.45 to 22.80 % and VO2 max
from 39.45 to 34L/min.

Keywords: Ergonomics, Musculoskeletal disorders, Volume of oxygen uptake

INTRODUCTION tions are ranked sixth in the ‘top 10 occupatiofis o
workers injured’ (Health and Safety Review, 2007).
However workers in the rice mill industry have ghi

risk of musculoskeletal disorders because they are
principally involved in MMH task. Although todayeh
tasks or processes are being mechanized even then,
. . o many tasks are still performed manually in the rice
manually, there is always potential for injurieslsas i1 and the worker were sufferings from hazards

strains, sprains, fractures, cuts, lower back piai to like, force, awkward postures, and repetitive mugio
awkward postures, muscle fatigue and MSD problems o+ can lead to injuries, energy and time waste: F

Among the i_njuries reported in indus_try, MSD have yharmore it was noted that rice mill workers wesing
been recognized as one of the leading problem. Beg,o \yooden plank for loading and unloading task
sides these researches also shows a significkatgén \ 1ich was narrow, short, non static and slippety. |
between musculoskeletal injuries and manual hapdlin , -« adjusted on different loading vehicle by using
(Ediich et al, 2005.; H‘?O.Ze.mam al, 1998)' Itis found drum which takes approx 45 min of time period. To
that manual handling c'jn”r’]”es af;e a marj]or burldeso&d avoid these problems, need was felt to redesign and
ety, organizations and the sufierers themselvest develop loading ramp ergonomically and to test its
financial costs are estimated to be rising contisiyo validity and reliability by using the response sug

Recent statistics from the Health and Safety Adthor methodology. Thus the objectives of the preserdystu

(2007) dindicakte ;chat(,j app(rjoximately one thcijrdb of al \yere 1o verify the newly developed pant loading pam
reported work-related Incidents are triggered byma by using the RSM statistical technique and to eatalu

ual handling. The proportion of incidents assodate . relative advantages and users acceptabilit
with manual handling is particularly high in the elé- g P ¥

sale and retail trade (47 %), manufacturing (40a%¥) MATERIALS AND METHODS
health and social care (38 %). The most common typ

of injury in 2006 was ‘physical stress or strainthe environment and tool (wooden plank) for a period of

body’ (41 %) and the most frequently injured body ;
part was the back (24 %). Health and related oc<:upayear that is used by the worker;. Thereatter a aeed
scope was assessed for redesign and development of

According to Genaidet al. (2003) operations related
to manual handling include the acts of lifting, krw
ing, carrying, pushing, pulling, and holding iteria-
tional Institute for Occupational Safety and Health
1997 reported that when handling and lifting items

Shis study researcher observed the prevailing wgrki
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loading ramp and a new aluminium pant loading rampproach as shown in table 4 and 5.

was developed. Eqgn. 1 shows about the method of calculating coded
Thus newly developed pant loading ramp (length ofvalue: Besides response surface methodology, user
19 feet, width of 2 feet and adjustable betweén52. acceptability of pant loading ramp was also assksse
feet) was statistically tested by conducting tkpeei- by using a developed interview schedule.

ments of RSM technique and thereafter its accelptabi

ity and relative advantages were rated by takirgy th Coded value (CV):  x-mid vaius (cenirs point:

responses of workers. To fulfil this objective jgals Difference(internaigep) EAn 1

were familiarized with the experimental procedund a

some personal and physiological variables of thekwo RESULTS AND DISCUSSION
ers were also taken. General characteristics of selected mill workers:
Subjects: A group of 10 male subjects were recruited. The general characteristics of selected workersHer
These workers met the following criteria a minimafrd ergonomic experiments to carry out the identified
year experience, age between 20-30 years, a letvl#  maximum drudgery prone activities of MMH task re-
incidents of injuries, involve in loading and urdaay of  vealed that the mean and SD of age and heighteof th
rice sack and had a good physical fitness. Aljest®  workers was calculated as 29.03+4.23 years and
were belonging to the very low socio-economic stad  162+12.67 cm. Whereas the computation of mean and
never received any ergonomic training and eachestibj SD values of body weight, BMI (body mass index),
perform three trials for each experiment. lean body weight and ideal body weights was
Locale: Study was done in the KLA rice mill plant of 53.65+9.28 kg,, 20.84 +3.41 %, 44.4%5.57 (kg) and
Rudrapur block, district Udhamsinghnagar, Uttara-53.6+8.67 kg. The mean of aerobic capacity eséhat
khand, India. based on heart rate was 39.45 I/min with SD of6#5.
Response surface methodology (RSM) analysis The mean and SD of blood pressure and pulse rate wa
through box behenkan experiment designRSMisa  117.53/72.15+12/8.4  (systolic/diastolic) and
collection of mathematical and statistical techesju 76.54+7.56 beats/min. While the mean body tempera-
that are useful for the modelling and analysisrbp  ture was 96.56F withSD value of +2.6, which was in
lems in which a response of interest is influenbgd  the normal range. Calculated MSD rate was 85.45 %
several variables and the objective is to optintfde
response (Natarajagt al., 2011). Hence, RSM tech-
nigue was applied to test the efficacy of developed
pant loading ramp in terms of heart rate, MSD and
VO2 max. Thus to conducting RSM analysis of the
loading ramp, the selected process variables (load
weight, height of ramp and time) were varied up to |
three levels. Load weight varied as 40, 50 an#d0
height of the ramp as 3, 4 and 5 feet and time al&s
varied as 3, 4, and 5 min. (table 2). The Box B&han
design was used for modelling of experiments. Where
total number of experiments based on RSM was ob-
served to be 17 as depicted in table 5.

The selected responses were musculoskeletal discom- Front View Internal view
fort (MSD), heart rate (HR) and maximum volume of
oxygen uptake (VO2 max) (Table. 3). Optimization
experiments were designed with the help of desiger¢

8.06 software. Besides this surfur software 9.0 alss
employed for the graphical optimization of the riplet
responses. The table, 1, 2, 3 and 4 showed thetestle
parameters of the study as constant, independsyend-

ent and process variables with their levels.

Design of experiment: Design of experiment is re-
quired if we wish to extract meaningful conclusions
from the measured responses. Adequate experimental
design requires competent process knowledge for se-
lection of the factors and their levels that coptibsi-

bly significantly influence the response. Therefahe Top view Side view
experimental design were performed with the help of

design expert 8.06 software and brainstorming apPlate 1.Different views of improved loading ramp.
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Table 1.Constant parameters for optimization.

Sl. no. Parameters Value/name
1 Back loading -
2 Ramp length (16) Feet

Table 2.Independent variables for optimization.

SL Parameter Leve Range
No. I
1 Load weight 3 40, 50, 60
(kilogram)
2 Height (feet) 3 3,4,5
3 Time (minute) 3 3,4,5

Table 3.Dependent variables for optimization.

Sl.  Parameter Value/
No. name

1 MSD (Musculoskeletal discomfort) %age

2 HR (Heart rate) Beats/min.

6 VO,max (Volume of maximum L/min (litre/
oxygen uptake) min)

Table 4.Process variable and their levels.

Independent Codes level
variable
Name Co -1 0 1
de Actual level

Load weight X, 40 50 60
(kilogram)

Height of ramp X, 3 4 5
(feet)

Time (minute) X3 3 4 5

by using Nordic questionnaire (Kuorinkaal.1987).
Need assessment for technology developmenthe

MMH work had the highest rate of job related illaes
and injury. The statistics shows that a great nurobe
accident occurred in MMH tasks compared to other
tasks. Seeing this as a huge problem and the wéeds

Table 5.Experimental designs.

quick solution onto it, it was decided to work amlp-

lem that focuses on the analyzing several act#vitie
manual loading including the causes and the conse-
qguences. In order of becoming a developed country,
the researcher sees the importance of overcomimg th
tangible mislead of manual handling in the natign b
improved designing of conventional existing which
were cost effective and based on the ergonomiciprin
ples. Keeping the above facts in mind the needsasse
ment was done to identify issues and problems assoc
ated with MMH activities and possible solutionsaat
KLA rice mill.

From this perspective a participatory workshop was
arranged for need analysis. The thenfroblems
while Mill Activities' of participatory workshop (PW)
was defined by active discussion of the entire wark
The environmental condition was flexible and infatm
with access to refreshment and materials for vigual
ing the output of the PW. The head of the workers
were also participated as a neutral person to ghiele
PW. Workers were seated after lunch in afternooa in
“U” shaped informal arrangement. The workers were
asked to freely highlight all the problems related
their present work situation or conditions, wittere
ence to the PW theme. The workers were tried tafoc
only on the negative aspects of the PW theme, and
possible encumbrances that the workers wanted to
change. Each worker described in short, a concrete
problem (risk factors identified) that he had exper
enced. The process continued until workers could no
come up with any new problem. Each of the problems
mentioned were taken one by one by the group to de-
velop possible solution. In result it was foundtthf

the selected subjects were agreed that thereds to
change the economic, technical, organizational and
other factors of KLA, rice mill industry.

Design approach for redesigning of conventional
wooden plank : The design of any tool/equipment or

Std Run Factor X, Factor X, Factor X3
Load weight (kg.) Height of ramp (feet) Time (minute)
1 17 -1.00 -1.00 0.00
2 14 1.00 -1.00 0.00
3 6 -1.00 1.00 0.00
4 13 1.00 1.00 0.00
5 15 -1.00 0.00 -1.00
6 16 1.00 0.00 -1.00
7 2 -1.00 0.00 1.00
8 7 1.00 0.00 1.00
9 1 0.00 -1.00 -1.00
10 3 0.00 1.00 -1.00
11 10 0.00 -1.00 1.00
12 8 0.00 1.00 1.00
13 9 0.00 0.00 0.00
14 5 0.00 0.00 0.00
15 11 0.00 0.00 0.00
16 12 0.00 0.00 0.00
17 4 0.00 0.00 0.00
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Table 6. Experiment data for various responses from RSMrtiegie.

Factor X, Factor X, Factor X3 Response 1 Response 2 Response 3
Std Run Loqd weight Height T_ime MSD HR _ VO_2 max
(kilogram) (feet) (minute) (%) (beats/min.) (I/minute)
1 17 -1 -1 0 30 123.1 35.3
2 14 1 -1 0 50 126.25 41.09
3 6 -1 1 0 35 124 27.84
4 13 1 1 0 55 128.12 50.28
5 15 -1 0 -1 20 128 36.31
6 16 1 0 -1 55 130.33 36.12
7 2 -1 0 1 35 127 41.27
8 7 1 0 1 60 131.6 23.72
9 1 0 -1 -1 40 129.16 27.19
10 3 0 1 -1 50 127.15 25.69
11 10 0 -1 1 45 126.3 40.1
12 8 0 1 1 50 136.4 31.2
13 9 0 0 0 45 1235 41.23
14 5 0 0 0 45 124 30.34
15 11 0 0 0 45 127 44.3
16 12 0 0 0 35 125 42
17 4 0 0 0 45 123.5 38.67

Table 7.Result of regression analysis for responses from R&khique.

Volume of maximum oxygen

Source Musculoskeletal discomfort (%) Heart rate (beats/min.) :
uptake (I/minute)
Coefficient P value Coefficient P value Coefficient P value
Model 43.00 0.0084 124.6 0.0062 39.308 0.7495
X1 12.51 0.0002 1.76875 0.0148 1.31125 0.6687
X5 3.12 0.1081 1.35125 0.0439 -1.08375 0.7230
X3 3.13 0.1081 0.8325 0.1745 1.3725 0.6544
X1, X 0.000 1.0000 0.255 0.7530 4.1625 0.3495
X1, X3 -2.50 0.3322 0.5675 0.4900 -4.34 0.3307
Xa, X3 -1.25 0.6185 3.0275 0.0060 -1.85 0.6694
X12 -2.12 0.3938 0.13 0.8689 1.31475 0.7548
X2.2 1.63 0.5096 0.65 0.4204 -1.99525 0.6371
X3z 1.62 0.5096 4.5025 0.0006 -6.26775 0.1654
R? 0.9016 0.9104 0.4455
F Value 7.12 7.91 0.62
Lack of fit NS NS NS

Table 8. ANOVA for musculoskeletal discomfort (MSD) duringperiment.

Source Df Sum of square Mean of square F Value
Model 9 1476.99 164.11 7.12%*
Linear 3 1406.26 468.75 20.34%**
Quadratic 3 31.25 1041 0.45
Interactive 3 41.25 13.75 0.59
Error 7 161.25 23.03

Total 16 1640.01

*xx xx * significant at 1, 5 and 10 % level of ghificance respectively;
F tab value (9,7) =6.71; F tab value (3,7) =8.4%)1

F tab value (9, 7) =3.67; F tab value (3, 7) =453¥)

F tab value (9, 7) = 2.72; F tab value (3, 7) 310%)
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Table 9. Total effect of individual parameter on muscu-

loskeletal discomfort (MSDgxperiment.

Table 10.ANOVA for heart rate (HR) during experiment

Source Df Sum of Mean of F Value
square square

Model 9 1476.99 164.11 7.12%**

Load 4 1294.01 323.50 14.04***

weight(xy)

Height(x,) 4 95.5 23.87 1.03

Time (X3) 4 120.5 30.12 1.30

Error 7 161.25 23.03

Total 19  1671.26

*x xx * gignificant at 1, 5 and 10 % level of ghificance
respectively

F tab value (9,7) = 6.71; F tab value (4,7) = {B¥%)

F tab value (9, 7) = 3.67; F tab value (4, 7) 243%)

F tab value (9, 7) =2.72; F tab value (4, 7) = 18®%)

Table 11.Total effect of individual parameter on heart rate

(HR) experiment.

Source Df  Sum of Mean of F Value
square square

Model 9 172.80 19.20 7.91%*

Linear 3 45,17 15.05 6.22**

Quadratic 3 38.21 12.74 5.26**

Interactive 3 87.21 29.07 12.01***

Error 7 17 2.42

Total 16 187.59

*x kk % gignificant at 1, 5 and 10 % level of gnificance
respectively

F tab value (9,7) = 6.71; F tab value (3,7) = § %)

F tab value (9, 7) = 3.67; F tab value (3,7) = 45¥%)

F tab value (9, 7) =2.72; F tab value (3,7) = 31®b)

Table 12. ANOVA for maximum volume of oxygen con-
sumption (VO2.y) during experiment.

Source Df Sum of Mean of F Value
square square

Model 9 172.80 19.20 7.91%*

Load 4 26.64 6.66 2.75

weight(xy)

Height(xy) 4 53.31 13.32 5.51*

Time (X3) 4 128.85 32.21 13.31%**

Error 7 17 2.42

Total 19 225.8

Source Df Sum of Mean of F Value
square square

Model 9 387.89 43.09 0.62

Linear 3 38.21 12.74 0.18

Quadratic 3 158.33 52.77 0.76

Interactive 3 189.43 63.14 0.91

Error 7 482.83 68.97

Total 16 868.8

*xx k% * gignificant at 1, 5 and 10 % level of ghificance
respectively

F tab value (9,7) = 6.71; F tab value (4,7) = {B%)

F tab value (9, 7) = 3.67; F tab value (4,7) = 48%)

F tab value (9, 7) =2.72; F tab value (4,7) = 18®%)

Table 13.Total effect of individual parameter on total car-

diac cost of work (TCCW) experiment.

*x xx * gignificant at 1, 5 and 10 % level of gnificance
respectively

F tab value (9,7) = 6.71; F tab value (3,7) = §¥%)

F tab value (9, 7) = 3.67; F tab value (3, 7) 445%)

F tab value (9, 7) =2.72; F tab value (3, 7) = 310®0)

Table 14 Constraints for optimization of parameters.

Name Goal Lower Upper Goal
Source df  Sum of Mean of F Value Limit limit setting
square square Load weight Inrange -1 1 +++
Model 9 228496.67 15388.51 3.52 Ramp height Inrange -1 1 T4t
Load weig(x;) 4 1865 4662.77 0.65 Time mini- -1 1 +++++
Height (x,) 4  15328.87 383221 0.53 " mum L L s
Time (x3) 4 2081148 52028.71 7.23* lo;fgllgtal ”r:]'l:‘r'n -
Error 7 50358.60 7194.08 discomfort
Total 19 275667.3 (MSD)
wx % % significant at 1, 5 and 10 % level of ghificance Heart ~ rate mini- -1 1 ettt
respectively (HR) mum
F tab value (9,7) = 6.71; F tab value (4,7) = 1B#%) Volume  of  mini- -1 1 4t
F tab value (9, 7) = 3.67; F tab value (4,7) = 45%) maximum mum
F tab value (9, 7) =2.72; F tab value (4,7) = 8®%) oxygen  up-
take (VO2
max)
Table 15.0ptimum values of parameters for experimentatioieading ramp.
value Load weight Height Time MSD HR VO2 max Desirabilit
(kg.) (feet) (minutes) (%) (Beats/min.) (I/min.) y
Coded -1 -1 -71
Actual 40 3 3.29 22.80 126.76 34.00 0.84
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HR
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¥
ni
A- Load weight A Load welght
Al: Effect of loadweight and height on MSD Al: Effect of loadweight and height on HR
h
r
111
A- Load weight A Load weaght
A2. Effect of load weight and time on MSD A2. Effect of load weight and time on HR
HR
£
[ =3
i

& Trrw

B: Heght
B: Height ©

A3. Effect of height and time on MSD

A3. Effect of height and time on HR

Fig. 1 (A1-A3): Contour plots for musculoskeletal discom- Fig. 2 (A1-A3): Contour plots for heart rate (HR) during
fort (MSD) during experiment. experiment

machinery should be considered in relation to bothof the individual body dimensions should be given
the body dimension of individual Hence the variatio the emphasis when a design problem is tackleds It i
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0
VIO meax

® Accprable

B Acceptable with change

)
i' H Not acceptable
m
Loading ramp
Fig. 4 User's acceptability with relative use of developed
loading ramp.
Table 16.Comparative evaluation of pant loading ramp
A Load weight — —
S.No. Physiological parameters Woode Pant
Al. Effect of load weight and height on ¥@ax. nplank  Loading
YVOZ2 max - ramp
1.m 1 Average working heart 1354 126.76
rate (AWHR)
2 Peak heart rate (PHR) 141 130.2
wm 3 Musculoskeletal discom- 85.45 22.80
fort (MSD)
4 Volume of maximum oxy-  39.45 34
,E wm gen uptake (VO2 max )
o 5 Total cardiac cost of work  996.3 564.36
(TCCW)
shape with the length of 12 feet, width of 1 fabtck-

ness of 2 inch and the rubber stripes were stiokeid,

to make it anti slippery. It was found as very heand
there was no provision to make it static on théedint

A: Load weight loading heights. For this purpose the workers were
using the conventional drum to hold and make it in
static position during loading and unloading atits.
VO2 max In terms of tooldesigning, Koivunen (1994) designed
the cleaning equipment and reported that the rgdesi
of the tool was based on the problem analysis and p
ticipation of the cleaners in user-centered design.
Many researchers have emphasized the idea of a user

A2. Effect of load weight and time on YmMax.

£ centered approach in designing hand tools (Kardborn
= 1998; Pheasant, 1996). In one “Swedish hand tasl pr
A3. ject” the user-centered approach was the basidder

signing 10 non powered hand tools, and it was found
that user participation was an effective method tha
provided important information for specificatione-d
sign and evaluation of improved hand tool design
(Kardborn, 1998). Some studies suggested that gkener
judgement of the tool/operator situation in des#gn
Fig. 3: Contour plots for volume of maximum oxygen uptakePect is often needed, and the “cube model” (Spgdin
(VO, max) during experiment. al.,, 1993) and “over exertion model” (Kumar, 1994)
also provide a good basis for such judgement.
widely agreed that use of"550" or 95" %ile value ~ Design and development of aluminium loading
of various body measurement is more logical in de-f@mp : On the basis of evaluation of conventional
sign considerations. tools need was felt to redesign and develop a igadi
Conventional Loading ramp: The conventional load- famp technology especially for worker to improve
ing ramp (wooden plank) was used from the past seviheir health, safety and productivity. The desigasw

eral years and was made up of wood in rectangulaPased on the existing basic design of wooden plank,
which were poorly designed and not found to be- suit

B. Heighl
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able, according to the need of users. These werge ca The second order mathematical response function for
ing to drudgery during activities because it isdufar three independent variables has the following ggner
longer duration and its operation demands moreggner form:
and time. During the redesign and development phase

it was observed that there was tremendous scope of 2 T 3 2
improvement to get the best output. In additionte® = EDZ i +z z Bij x i x}-+25ﬁxff Eqn.1
open observation, interviews were carried out tb ge e e

the feedback of the following working tool.
Optimization of process parameters using response
surface methodology (RSM):Response surface meth-
odology (RSM) is a collection of mathematical and
statistical techniques for empirical model buildibg
careful design of experiments (Sampaioal., 2006).
The objective of it's to optimize a response (otitpu
variable) which is influenced by several indepernden
variables (input variables) (Alvarez, 2000). An exp
ment is a series of tests, called runs, in whicinges
are made in the input variables in order to idgritile
reasons for changes in the output response. Tdreref
in this study the RSM was applied to optimize the
operating parameters (load weight, height of ramp
and time) consider during the experiment. As pex Bo
Behenken design total 17 experiments were carrie
out. Each parameter was varied over three levéis. T
load weight of the sacs were varies over threel¢eve
as 40, 50 and 60 kg. The height of the ramp was var

[=1j=i+1

Experimental data were analyzed by employing mialtip
regression technique to develop response functods
variable parameters were optimized for the begiubsit
The regression coefficient of the complete secaagro
model and their significance has been reportetidrtd-
ble 7. High P value indicated that a model hadyaifsi
cant lack of fit and therefore considered to belépate.
The lower the value of P, better would be modele Th
model having P value lower than 0.1 were accepted.
Effect of independent variables on different re-
sponses: By response surface methodology, a com-
plete realization of the process parameters anu the
effects were achieved under following heads:

ffect of load weight, height and time on muscu-
oskeletal discomfort (MSD) The musculoskeletal
discomfort during the whole set of experiment rahge
from 1 to 17 over entire experiment condition. Maxi
mum MSD was observed from experiment number 8
ﬁaving load weight of 60 kg., height 4 feet, amdeti5
minute, while minimum MSD was observed from ex-
?Jeriment number 5 at load weight 40 kg., heigheet f
and the time period was 3 minute. The main reasen b
hind these variations in MSD was that the load titeig

loading time while experiments were also variedrove
the three levels viz. 3, 4 and 5 min. The response
selected were musculoskeletal discomfort, head rat
and volume of maximum oxygen uptake (VG2

ANOVA test was applied to evaluate the adequacyand time was decreased in experiment number 5.

(by applying the lack-of-fit test) of different mels$ R ; : : :
and to evaluate the statistical significance of féde ﬁlegigrl:tlczmije (t)ifrr:gdeoe]enl\(jlesrg vgg;bliv;gz. lt(;i?esﬁlsin g
torg n tlhe tm(t)ﬁlel. (Ijn order t(; e>f<_?tm(|jne tr(;elg;)r;c_inessANOVA_ Total effect of individual parameters was
and evajuate the adequacy of a Titted model, €O also assessed using ANOVA and the details are tabu-
ficient of determination (B was calculated. The

surfer software 9.0 was emploved for the ara hiCaIIated in table 8.Full second order model was fitited
Lo e mploy grap MSD and other various experiment conditions using
optimization; similar techniques were also reported

by Pishgaet al. (2012). multiple regression analysis. Table 9 reports the

Develooment of second order model A complete result of regression analysis of MSD. The coeffi-
P P cient of determination (£ regression model for this

second mathematical model (Egqn 1) model was fitted PR
10 the data and adequacy of t(h(g mozjel was tested co parameter was found 0.90, which implies that the
quacy model account for 90 % variability in data. The sec

sidering the coefficient of multiple determinations : P
N : X ond order model was found to be highly significant
(R°), isher’s F-test and lack of fit. The model whsr at 1% level of significance with F value of 7.12dan

:Jessdofsgt%p;ﬁ;it;aeti(e)geg; Ol;ggensosusggrirggfﬂi caon significant lack of fit. Hence, second order

riedpout a.t th% end of analyl?sis Therz)ptimized eaif modellwas found to .be adequate in describing the

process parameter was used aﬁd contours were plegtelo behaviour of M.SD W'th respect to dependent vari-
ables because it has higherdhd F value.

for selected parameters.

. Effect of load weight, height and time on heart rag
Second order model was used to interpret the effiect ' .
load weight, ramp height and time of Igad carryin (HR): The heart rate data during the whole set Qf ex-
back on va;ious response (table 6) musculoskekgal periment ranged from 1 to 17 over entire experiment
comfort. heat rate (HpR) and volume of maximum oxyge condition. Maximum heart rate was observed from
uptake ’(VOZ max). Complete second order model wa experiment number 12 having load weight of 50 kg.,

. Sneight 5 feet, and time was 5 minute, while minimum
f'ttEd.to the daia and adequacy of the model de heart rate was observed from experiment number 1 at
consider Rand F test.
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load weight 40 kg., height 3 feet and the time gubri  heart rate, next importance were given to the muscu
was 4 minute. The main reason behind these vammtio loskeletal disorder (MSD) (++++) and volume of
in heart rate was that the load weight and time wasnaximum oxygen uptake (VQgJ), while the goal
reduced in experiment number 1. of load weight and height (+++) was kept at in rang
Significance of independent variable i.e. loadsgivei  similar study was also reported Rai et al. (2012).
height and time on heart rate data was tested usinghe goal setup and optimum value of different pa-
ANOVA. Total effect of individual parameters was rameters obtained is given in table 14

also assessed using ANOVA and the details are tabuPuring optimization 17 solution were obtained, o€t
lated in 10.significant. Hence, second order megkd  which the most suitable criteria, was selected. The
found to be adequate in describing the behaviour ofelected solution was tested for the actual canditi
heart rate with respect to dependent variablesuseca and it was observed out of three independent ariab

it has higher Rand F value. Optimum results were obtained when the load weight
Effect of load weight, height and time on maximum 40 kg., height 3 feet and time 3.29 minute.
volume of oxygen consumption (VOZa.): The maxi-  Optimization of the design parameters for develop-

mum volume of oxygen consumption (VQQ data  ment of an appropriate loading ramp: The numeri-
during the whole set of experiment ranged from 140 cal values investigated the independent design pa-
over entire experiment condition. Maximum VQ2  rameters of the ramp to obtain the optimum human
was observed from experiment number 4 having loacdcapacity and efficiency. The surfur software 9.Gswa
weight of 60 kg., height 5 feet, and time was 4utén  employed for the optimization of the multiple re-
whereas minimum VQgyx was observed from experi- sponses. The desired goals (maximize or minimize)
ment number 8 at load weight 60 kg., height 4 &®t  for each variable and response were chosen and dif-
the time period was 5 minute. The main reason lgehin ferent weights (i.e. a number between 0.1 and 1.0,
this variation in TCCW was that the, height was re-which shows the importance of the desired goal)
duced in experiment number 5, whereas the time andvere assigned to each goal to adjust the shapts of i
weight was equal to the experiment number 4. particular desirability function. The optimised val
Significance of independent variable i.e. loadsgivei  ues of variables (table 15) such as load weight 40
height and time on VQgx data was tested using kg., ramp height 3 feet and time 3.29 minute were
ANOVA. Total effect of individual parameters was determined. On this basis, a new loading ramp, hav-
also assessed using ANOVA and the details are tabung a height 3 feet mm, time 3.29 minutes and load
lated in 12.Full second order model was fitted toweight of 40 kg leads to MSD i.e. 22.80 % with
VO2,.x and other various experiment conditions usingheart rate of 126.76 beats/min. and V234 L/
multiple regression analysis. Table 13 reportgdisalt ~ min. with overall desirability were found to be 8.8

of regression analysis of V@Q2. The coefficient of %. Hence, this combination shows the maximum
determination (B regression model for this parameter efficiency with minimum time, energy and muscu-
was found very less 0.44, which implies that thalelo loskeletal disorder was obtained by loading ramp.
account for only 44 % variability in data. The sedo  Graphical optimization : In order to show the effect
order model was not found to be significant at 5% of variable (load weight, height and time) and &bed-

and 10 % level of significance with F value of 0.62 mine the operating range for best results, conpbair
with the non significant lack of fit. Hence, secomd was drawn and shown in Fig 1 to 2 for various cembi
der model was not found to be adequate in desgribin nations of interactive term either at optimum vatuwe
the behaviour of VOZ.i with respect to dependent centre point.

variables because it has lowerand F value. Optimization of process parameters for MSD:Opti-
Optimization of parameters (load weight, height = mization of processing condition using surfer saiftsv
and time) for described responsesNumerical opti-  was carried out to minimize the ergonomic problems

mization was carried out using design software. Theand increased efficiency. The MSD at optimum was
goal was fixed to minimize heart rate, energy expen found to be 22.80 %. Contour plot Fig. 1 (Al) dépic
diture and musculoskeletal disorder. The responsethe effect of load weight and height on MSD. Itswa
i.e. musculoskeletal discomfort, heart rate (HRYl an observed that MSD was increased with the load weigh
volume of maximum oxygen uptake (V@9 were  of rice sack and height of the ramp.

taken into consideration for optimization. The goal Fig. 1 (A2) shows the effect of both time and load
seeking begins at a random starting point and proweight on MSD, it was observed that MSD was in-
ceeds up and down the steepest slope on the rereased in linear pattern with the time and loadyhte
sponse surface for a maximum and minimum valueincreased. Whereas Fig. 1 (A3) also shows the teffec
of the response respectively. Importance to the re-of ramp height and time on MSD. Hence, it was ob-
sponses and independent variables were given oserved that both time and height affects the MSBsta
the basis of the objective of the study. Maximum Optimization of process parameters for heart rate
importance was (+++++) was given to time and The heart rate at optimum was found to be 126.76
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beats/min. Fig. 2(Al) depicting the effect of load shows the maximum efficiency with minimum time,
weight and height on heart rate, it was observed th energy and musculoskeletal disorder was obtained
heart rate was found to be increased with the bothby loading ramp.

ramp height and load weight. From Fig.2 (A2) which ACKNOWLEDGEMENTS

shows the effect of load weight and time on heate,r
it was observed that only time, affects the hestet pa-  The authors would like to thank to employers and em
rameters. Whereas Fig. 2 (A3) shows the effecaofr  ployees who participated in the study and Universit
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