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Abstract- A response surface methodology (RSM) has been employed to optimize parameter settings to improve 
performance of a rotary type labeling machine. A central composite experimental design(CCD) is proposed to construct 
reasonable design area applying for RSM.  An objective of the model is to reduce three types of labeling defectives i.e. 
flipped label (%), overlap label (mm), and off-center label (mm).  The model developed in terms of design variables i.e. 
distance of in-out direction (mm), distance of left-right direction (mm), glue thickness (µm), glue feed rate  (stroke/min), and 
air pressure (kPa) has been found statistical adequate to describe the process responses. In order to consider multiple 
responses of labeling parameters, optimal solution has been carried out by desirability function approach. Finally, the result 
show that defective proportion of flipped label, average distance of overlap label, and average distance of off-center label are 
reduced approximately 89.9, 75.6, and 75.1 percent respectively. 
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I. INTRODUCTION 
 
Performance of machines through parameters’ setting 
is one of the most important topics that 
manufacturing engineers and operators concern 
about.  This is normal basis of process based on 
machine operation. In a beverage manufacturing, 
labeling machines are important devices for labeling 
products in a packaging process, and parameters’ 
setting on a labeling machine becomes point of this 
study. Many old machines cope with deviation of the 
best parameters’ setting because their old components 
do not provide the same stable center and can cause 
defect on products.  Therefore, this paper develops 
experiment to find the new proper settings for old 
machines.  The experiment in this paper is based on a 
case study manufacturing where confronts with 
deviation from parameters setting in an old rotary 
type labeling machine on glass bottle type product 
and attempts to find a new parameters’ setting. 
 
Response surface methodology (RSM) is a set of 
mathematical and statistical techniques to find the 
‘best fit’ of physical system through experiment. It 
has recently been recognized as an effective approach 
for modeling the performance of electrical device and 
various types of industrial machines[1], [2], [3]. RSM 
is conducted to enhance the traditional setting 
methods from a case study manufacturing.  Currently, 
the manufacturing uses ‘one factor at a time’ 
approach to adjust parameter.  Changing one control 
parameter at a time while keeping other parameters 
the same is not appropriate for seeking the optimum 
levels with integrated multiple factors [4]. In RSM, a 
fitted model is established to represent the 
relationship between the responses and design 
parameters. In addition, optimal settings considering 
multiple responses can be carried out by RSM. Thus, 
this model provides designers with an expected result 
of responses according to behavior of the parameters 

within a design space. This paper proposes central 
composite design (CCD) to perform experiment. It 
provides both more precisely fitted models in form of 
polynomial models and a widely design space 
objected to RSM. Moreover, it also consumes less 
resource. 
 
In this paper, the experiment is done on a labeling 
machine because it produces a lot of defectives. Also, 
it takes a lot of time to recover machine to normal 
operation.  Breakdown time of a labeling machine in 
a case study manufacturing is quite high, and this 
becomes one of the causes that make this machine be 
bottleneck of packaging process.Fig.1 shows 
breakdown time collected from the labeling machine 
for all types of defectives. Three main types of 
defectives which cover about 70% includes overlap, 
off-center, and flipped. 
 

 
Fig.1. Breakdown time of each type of defective on a labeling 

machine 
 

Characteristics of these three defectives i.e. flipped 
label, overlap label, and off-center label are shown in 
Fig.2, Fig.3, and Fig.4 respectively. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Optimization Of Rotary Type Labeling Machine Considering Multiple Responses 
 

146 

 
Fig.2. Appearance of overlap label 

 

 
Fig.3. Appearance of off-center label 

 

 
Fig.4. Appearance of flipped label 

 
II. ANALYSIS MODEL AND DESIGN 
PARAMETERS 
 
2.1. Rotary type labeling machine mechanism 
Operation of a rotary type machine is almost involved 
with rotation. Roller plate, glue roller, glue pallet, and 
gripper cylinder are synchronized rotated along 
together. Roller plate is a circular plate which fixed 
pivot position, rotates and takes clean bottles to enter 
into a labeling process. The core of the labeling 
process is a group of components called labeling 
station. Stack of labels is input into labeling machine 
via label magazine. Glue is piped into glue roller by 
glue pump which is able to adjust rate of feeding. The 
glue on glue roller is controlled thickness by glue 
scrapper before pressing into glue pallet. Glue pallet 
is a plate coated with glue from glue roller and takes 
label from label magazine then passes label coated 
with glue into a gripper cylinder.  A gripper cylinder 
is used to grip and then press labels into bottles. Air 

blow from a little tube inside a gripper cylinder gives 
supporting force to press labels into bottles.  Air 
pressure can be adjusted by air blower. Little tube’ 
valve that control operation of air blow is always 
close but automatically open simultaneously while 
the gripper cylinder at pressing label position.Fig.5 
demonstrates a top view of a rotary type labeling 
machine and its necessary components. 
 

 
Fig.5. Configuration of a rotary labeling machine 

 
In addition, the labeling station can be moved to 
adjust contacting point of label sponges which carry 
label on a gripper cylinder into bottles in two 
directions: (i) move in-out direction from bottles; and 
(ii) move left-right direction. Configuration of the 
labeling station adjustment is shown in Fig.6. 
 

 
Fig.6. Configuration of a labeling station adjustment 

 
2.2. Design parameters and design responses 
The design parameters and specifications of the 
labeling machine are shown in tables 1 and 2, 
respectively. Relationship between each design 
parameters on responses is described. Parameter A 
relates to distance of label sponge pressing labels into 
bottles.  If the distance is too far, a label may fall 
down before attaching on a bottle. Parameter B 
relates to left-right position of label sponges pressing 
into bottles.  Inappropriate setting can cause overlap 
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and off-center label. Parameters C relates to thickness 
of glue. If glue is too thick, it may cause label slip 
and becomes off-center problem and if glue is too 
thin, it may cause flipped label problem.  Parameter 
D relates to rate of feeding glue in to glue roller.  
Low feeding rate leads to thin glue, and high feeding 
rate leads to think glue, which may cause problems as 
mentioned above. Parameter E relates to air pressure 
to support transferring label to bottles. If air pressure 
is too low, it can cause overlap label. 
 

TABLE 1: Design parameters of labeling machine 

 
 

TABLE 2: Specification of acceptable defective product. 

 
 

Three responses which are directly related to types of 
defectives include (i) proportion of flipped label Y1 
(%); (ii) average distance of overlap labelY2 (mm.); 
and (iii) average distance of off-center label Y3 
(mm.).These become performance indicators of a 
labeling machine. The design parameters are 
examined by performing two-level fractional factorial 
design (2k-1 FFD) resulting in that all of them are 
significantly related to three types of defectives. 
Table 3 shows the result of performing 25-1 FFD. 
 

TABLE 3: Parameters significantly related to three type of 
responses 

 

III. OPTIMIZATION OF MULTIPLE 
RESPONSES 
 
The objective of statistical model is to find new 
parameters’ setting to reduce defective product on a 
rotary type labeling machine.CCD is a statistical 
experiment method that is conducted to deal with this 
situation. After that RSM is employed to find optimal 
solution of parameters’ setting. 
 
3.1. Central Composite Design (CCD) 
CCD consists of three distinct portions: a full 2k or 2k-

m factorial design in which the factor levels are coded 
to usual low (-1) and high (+1) values; axial point 
localized on the axis of each variable at a distance α 
from the design center; and center point that can be 
replicated to provide an estimation of the 
experimental error variance[4].There are several ways 
of calculating an appropriate alpha value, based on 
the statistical property that designer want to optimize. 
In this experiment, alpha value -α and +α equal to -2 
and +2 according to 1/2 fractional CCD. Table 4 
shows actual values and coded values of each 
parameter. 
 

TABLE 4: Central composite design applied for labeling 
machine experiments. 

 
 

3.2. Response Surface Methodology (RSM) 
RSM is applied to make appropriate response models 
of all three types of defectives. A quadratic 
approximation function of the model is commonly 
used to construct the fitted response surface. In 
general, the response model can be written as follow 
 

2
0

1 1

k k k

i i ii i ij i j
i i i j

Y x x x x    
  

           (1) 

Where Y donates the predicted response, β is the 
constant coefficient, β  is the linear coefficient, β  is 
the quadratic coefficient, β  is the interaction 
coefficient, and xi, xj are the coded values[4]. 
 
The regression models have been constructed in order 
to determine the functional relationship for 
approximation and prediction of responses. Thus, the 
second-order-models with coded variables obtained 
for a labeling process are as follows: 
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1
2 2

 0.27 0.083  0.19  0.056  0.069
0.052  0.073  0.048 0.037

Y A C D E
AE CD C E

    
   

 (2) 

 
2

2 2
 1.12 2.44  0.42  0.16  0.021

0.49  0.65 0.43
Y B C D E

BE C D
    

  
   (3) 

 
3

2 2 2

 1.61 0.31  2.92  0.10  0.22
0.017  0.43  0.65  0.60
0.35  0.34 0.49 0.39

Y A B C D
E AB BC BE

CD A B D

     
   
   

  (4) 

  
The R-squared values of (2), (3), and (4) are 0.72, 
0.73, and 0.89 respectively. 
 
Since the optimization of a process described by 
multiple responses, it is reasonable to carry out by 
using the concept of desirability function [5]. 
According to this methodology, each response Yi 
must be converted into the individual desirability 
function di that ranges from 0 (completely 
undesirable) to 1 (completely desirable). Objective of 
this experiment is to minimize response Y1 and keep 
responses Y2 and Y3 close to target value. Such 
transformation may be presented as follows [6]. 
Forminimize Y1: 

ˆ1.0 ( )
ˆ ( )ˆ ˆ( ) ( )

ˆ0 ( )

i i
s

i i
i i i i i

i i

i i

if Y x T
Y x Ud Y if T Y x U

T U
if Y x U

 
      
 

       (5) 

 
and for keep Y2 and Y3 close to target value: 

ˆ0 ( )
ˆ ( ) ˆ ( )

ˆ( )
ˆ ( ) ˆ ( )

ˆ0 ( )

i i
s

i i
i i i

i i
ti i

i i
i i i

i i

i i

if Y x L
Y x L if L Y x T

T Ld Y
Y x U if T Y x U

T U
if Y x U

 
        
      



       (6) 

 
Depending on a particular response Yi is to be 
assigned a target value, different desirability function 
can be used to calculate (7), where Li, Ui, and Ti be 
the lower, upper, and target values, respectively with 
Li≤Ti≤Ui. The exponents and t determining how 
important it is to hit the target value. For s = t =1, the 
desirability function increases linearly towards Ti; for 
s< 1, t<1 the function is convex, and for s> 1, t>1, the 
function is concave. The individual desirability is 
then combined using the geometric mean, which 
gives the overall desirability Das in equation 7 [6]. 
 

1

1 1 2 2( ( ) ( ) ... ( )) k
k kmax D d Y d Y d Y  (7) 

wherek donating the number of responses. The 
desirability approach consists of the following steps 
[7]. 
1. Conduct experiments and fit response models for 
all k responses; 
2. Define individual desirability functions for each 
response; 

3. Maximize the overall desirability D with respect to 
the controllable factors. 
 
According to information in table 2, although the 
response average distance of overlap label (Y2) and 
average distance of off-center label (Y3) have range 
of acceptable error but in practical manufacturing 
prefers it at zero to others values in range. The 
proportion of response flipped label (Y1) is the most 
serious defective problem having no acceptable error 
region. Therefore, the response Y1becomes the first 
priority of importance and other responses have equal 
importance but less than Y1.Preference of desirability 
function for each responses are shown in table 5. 
 

TABLE 5: Preference of desirability function for each 
responses. 

 
 

In order to find the optimal solution, an objective 
function aims to maximize overall desirability 
function (D). The objective function can be written 
as: 
 

 
1

3
1 1 2 2 3 3  ( )  ( )  ( )max D max d Y x d Y x d Y (8) 

Calculation for Y1, Y2, and Y3 rely on the design 
parameters in (2), (3), and (4) respectively. Then 
d1(Y1) is calculated by (5), while d2(Y2)and d3(Y3) are 
calculated by (6). 
 

Fig.5. Response surface of overall desirability 
 

Fig.5. has shown the maximum value for desirability 
function at 0.934 by vary factor A and E while 
factorB, C, and D is fixed to value 0.12, 1.00, and -
0.99 respectively. 

 
 
Fig.6. has shown the overlay region where indicates 
feasible region of solution for parameters setting of 
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factor A and B while factor C, D, and E is fixed to 
value 1.00, -0.99, and 0.32respectively. 
 

 
Fig.6. Overlay plot satisfying region of multiple responses. 

 
IV. RESULT AND DISCUSSION 
 
This paper demonstrates the application of 
experimental designfor modeling and multi-response 
optimization of parameters setting on a rotary type 
labeling machine. Based on the experimental design 
result, the second-order polynomial models are 
developed for predicting eachresponses (i.e. 
proportion of flipped label in sample size, Y1 (%); 
average distance of overlap label in sample size, Y2 
(mm.); and average distance of off-center label in 
sample size, Y3 (mm.)). A desirability function is 
constructed in order to solve the multi-response 
problem. Thus, the best solution of parameters’ 
setting is established. The optimal solution confirmed 
by experiment involves the following values of 
parameters: A = 17.99 mm, B = 8.16 mm, C = 139.99 
µm, D = 31.86 stroke/min, and E = 109.25 kPa. Each 
optimal values of parameters become new 
parameters’ settings for improving performance on a 
labeling machine. 
 
The improved performance is measured by reduction 
of three types of defectives. Proportion of flipped 
label is reduced from 0.194 to 0.0197, average 
distance of overlap label is reduced from 0.639 to 

0.156 mm, and average distance of off-center label is 
reduced from 0.694 to 0.172 mm. Percentage of 
reduction of each defective product are approximately 
89.9, 75.6, and 75.1 percent, respectively. This 
concludes that the optimal combination of 
parameters’ setting improves performance of a rotary 
type labeling machine in this case study. 
 
REFERENCES 
 
[1]. Kim Sung-Il, Hong Jung-Pyo, Kim Young-

Kyoun, Nam Hyuk, and Cho Han-Ik, "Optimal 
design of slotless-type PMLSM considering 
multiple responses by response surface 
methodology," Magnetics, IEEE Transactions on, 
vol. 42, pp. 1219-1222, 2006. 

[2]. Makadia, Ashvin J., and J. I. Nanavati. 
"Optimisation of machining parameters for 
turning operations based on response surface 
methodology." Measurement46.4 (2013): 1521-
1529. 

[3]. Keun Park and Jong-Ho Ahn, "Design of 
experiment considering two-way interactions and 
its application to injection molding processes with 
numerical analysis," Journal of Materials 
Processing Technology, vol. 146, pp. 221-227, 
2/28/ 2004 

[4]. DOUGLAS C. MONTGOMERY, Design and 
Analysis of Experiments: John Wiley & Sons, Inc. 
, 2009. 

[5]. Akhnazarova, S. and Kafarov, V., (1982). 
Experiment Optimization in Chemistry and 
Chemical Engineering. (Mir Publishers, Moscow). 

[6]. Derringer, G. and Suich, R., 1980, Simultaneous 
optimization of several response variables. J. 
Qual. Technol., 12: 214-221. 

[7]. Maria Poroch-Seritan, Sonia Gutt, Gheorghe Gutt, 
Igor Cretescu, Corneliu Cojocaru, and Traian 
Severin, "Design of experiments for statistical 
modeling and multi-response optimization of 
nickel electroplating process," Chemical 
Engineering Research and Design, vol. 89, pp. 
136-147, 2// 2011. 

 
 
 
 



 

-5.12926 -3.34458 -1.5599 0.224773 2.00945

-2.79942

-1.32746

0.1445

1.61646

3.08842

A (mm)

B
 (m

m
)

R1: 0

R2: -2

R2: 2

R3: -2

R3: 2


