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Abstract - This report focuses on the implementation of fixture interchange concept for the two types of feedpump. The 
scope of the project was to accommodate two fixtures and operating the line by changeovers. Because of this, a manually 
operated line will be eliminated for better utilization of the machine. This will also lead to space optimization and will 
reduce Every Part Every Interval(EPEI) of the product. Value stream mapping was used to find the problem and solved by 
having a flexible fixture and flexible fixture plate. By implementing the fixture changeover for the two assembly lines, it was 
found that the utilization of aluminium feedpump assembly was 16% and that of cast iron feedpump assembly was 41% 
before the project was taken and by combining the two assembly lines, the machine utilization is estimated to increase up to 
57%. 
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I. INTRODUCTION 
 
Machining fixtures are the critical units in process 
planning activities of a production line. The 
machining fixtures are used to establish and maintain 
orientation and position of a work piece during 
machining operation. The stability of a fixture 
depends on its ability to restrain all the forces acting 
on the work piece when the fixture is subjected to 
dynamic and static forces. In the similar way, the 
instabilities associated with the fixtures are referred 
as Lift-off and Macro-slip. If the clamping force 
applied to the workpiece is insufficient, fixture 
stability is not maintained, and if excess clamping 
force is applied, it causes plastic deformation of the 
work piece.  
 
To optimize the clamping force on the work piece, 
which is subjected to periodic machining loads and 
dynamic displacement, a dynamic model can be 
applied for the simulation of vibratory behaviour of 
fixture / work piece combination[1]. Related to this, 
many research works were carried out to overcome 
the complexity connected with fixtures such as 
fixture stability, accessibility, configuration, tolerance 
and analysis. Because of the fixturing on the machine 
tool, there exists a physical contact between the 
cutting tool, work piece or work part, and machine-
tool. This helps to carry-out the machining operation 
in a much accurate and precise manner. Recently, 
automation systems also oriented towards fixture 
designing and are using knowledge models for further 
fruitfulness [2].With the concept of agile fixtures, 
changeover from one fixture to other made easy and 
this had grabbed more attention by the industries 
because of the immense advantages. Agile fixtures 
consist of mixed features of a traditional modular 

fixture and a flexible to sustain changing market 
demands. An agile fixture also has some discrete 
features like shorter changeover time, easy to 
transport, reliable, re-combining of the fixture, and is 
independent of type and quantity of the product. 
Manufacturing resource information can be used to 
determine the distribution points in agile fixture 
designing process. It was also observed that the Agile 
based technology can be effectively and efficiently 
used to solve many of the fixture related problems 
based on the previous cases and experience to 
enhance the reasoning efficiency [3]. 
 
In this industry based problem, the feedpump is used 
to pump the fuel from the fuel tank to the injection 
pump at a required pressure. During this process, 
there are possibilities of formation of vapour bubbles 
and cavities in the pump. Because of this, the 
movement of the plungers of the injection pumpare 
affected and therefore, theworking performance of 
the feedpump assembly plays an important role 
throughout the process. Due to these deficiencies, the 
rate of delivery of the fuel to the injector will have 
too many variations and these variations may result in 
rough running of different parts of the engine and 
may cause mechanical damage to the engine parts. 
 
II. LITERATURE REVIEW 
 
Rong and Ceglarek (2006) presented an approach that 
provides the best superposition of locating layouts for 
multiple parts to be assembled on a single 
reconfigurable fixture. The proposed approach used 
analytical Procreates analysis to narrow the search 
domain for variables and uses pairwise configuration 
optimization to identify the final solution based 
Engineering Requirement Functions (ERF). The 
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approach can rapidly and accurately find the solutions 
that minimize the required fixture workspace for a 
family of parts with much less computational 
complexity than the existing method in the literature 
[4]. YoramKoren and Shpitalni (2010)explained the 
logic for dedicated lines and flexible systems to 
develop the Reconfigurable Manufacturing Systems 
(RMS), which defines the core characteristics and 
design principles of RMS. The basic need is to 
determine the right time to consider building a new 
RMS system i.e., during planning a new 
manufacturing system for a part family with several 
variants that are expected to change. The evolution of 
products that are cost effective should be considered 
for an effective solution for the system and product 
evolution [5].Gyulaia et.al (2012) focused on a 
simulation-based technique that defines the 
boundaries and components of a reconfigurable 
assembly system according to historical order-
streams. The proposed method separates the low and 
high volume products and product families 
dynamically, by assigning to them the appropriate 
production lines, respectively. The two main topics 
which were defined as the main issues regarding 
system design were the definition of such a product 
mix for a given time horizon, and the definition of the 
equipment requirements, the configuration, and the 
operational conditions. Consequently, the studies 
showed that considering technological aspects of a 
production system might support the capacity design 
decisions [6]. Attila (2013) automated the tasks of 
fixture design and configuration can save 
considerable time, and spare the Process engineer 
from a tiresome work. They introduced a system that 

gives us recommendations on the order and the 
number of the needed setupswhich are needed to 
machine a given workpiece, and proposals on the 
appropriate fixtures. CAD model of the workpiece 
saved in IGES format, and the technological 
requirements are the input data taken into 
consideration. The output data are the CAD models 
of the needed fixtures [7]. Hui et.al (2016) found that 
the follow-up support with the flexible fixtures gives 
higher accuracy. Reduction in manufacturing cost, 
improvement in production efficiency, higher 
flexibility and expansibility can be achieved by 
implementing flexible fixtures. The work efficiency 
increases to the greater extent when the changeover is 
simple and convenient. For the deformation and force 
feed backs, the flexible fixtures has been integrated 
with the displacement sensors and force sensors for 
deformation control during machining 
[8].MoustafaGadallaa, DeyiXue(2017) explained 
optimization approach for the design of a 
Reconfigurable Machine Tool (RMT). For the 
generic design AND-OR tree by tree-based search, a 
specific design solution modelled by multiple 
machine configurations and their parameters was 
created. Characteristics of this new design approach 
are the hybrid AND-OR tree and graph. They are also 
the effective data structures to build design 
candidates, machine configurations, reconfiguration 
processes and process parameters. The multi-level 
and multi-objective hybrid optimization method is 
effective to identify the optimal design considering 
both the machine configurations and changes between 
machine configurations [9].  

 
III. METHODOLOGY 
 
3.1 Working of the present system 
In the first phase of the project it is planned to have all the details regarding the existing parameters such as 
Value stream mapping,area occupied, number of machines used for feed pump assembly, number of operators 
working in an assembly line are to be mapped and also the details regarding customer takt and delivery takt.  

 
Figure1: Value Stream Map 
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Value Stream Mapping (VSM) is the lean tool used to 
describe all the necessary factors that contributes to 
the value addition of the product, from the customer 
point of view. Hence by creating a VSM, all the 
wastes can be identified and can be reduced. In the 
present work,underutilization of the machine tools 
and other facilities on the assembly line was 
identified(refer Figure 1).   
 
3.2 Process flow 
The material procured from the supplier is been 
stored in the logistic. From the logistics, the parts are 
sent for assembly to the feedpump assembly area in 
the shopfloor by a Milk Run (refer figure 2). The 
assembly processes is same for Aluminium type and 
Cast Iron type of feedpump except oil sealing. For 
Cast Iron type, the oil sealing is done and the oil 
sealed partsare left to settle for 6hours. After the parts 

are sealed, sliding tappet, Name plate, plunger fitting, 
hand primer, filter bowl assembly is done in the first 
station. Once the first assembly station is done, the 
parts are clubbed in a batch size of 12 parts, which is 
termed as “Standard number of Parts (SNP)”. SNP is 
used to have“lean” in a production line. After the first 
assembly station, the next station is tightness 
checking in which the tightness of the assembled 
partsare tested. There are two types of tightness test: 
wet tightness and dry tightness. For Aluminium type 
of feedpump, wet tightness is carried out, while for 
the Cast Iron type, wet tightness is carried out. The 
last test is performance test, in which the oil is 
pumped in the feedpump and tested for the 
performance of the feedpump. The feedpumps are the 
moved to the feedpump supermarket and then to the 
customer. 

 

 
Figure 2: Process flow for feed pump 

 
The value stream walk is been conducted for the feedpump assembly. The customer takt, lead time and 
inventory analysis, line balancing to know whether the work is being distributed in the appropriate amount for 
both the labour and machines, throughput time are being analysed. Since aluminium type of feedpump is an 
exotic type of feedpump, the output is less. So the machine utilization is only 12 shifts per month. On an 
average, the machine can be utilized for 75shift/month. Apart from 12 shifts used for assembly, the machines 
are not being utilized, which is a huge non-value add for the company. Hence there is an underutilization of the 
machines.There are 3 stations in an assembly line, which means 3 man power is required to complete the orders. 
Since the demand is less, only 1 person will be appointed to complete the job (refer Table 1) 
 

Description Cell-3 (Aluminium) Cell-6(Cast Iron) 

Total Volume 18612 pcs/year 59280 pcs/year 

No. of Working days 48 WD/year 122 WD/year 

Planned Requirement 
(PR) 

(18612 pcs/year)/(48 WD/year)= 388 
Pcs/WD 

(59280 pcs/year)/(122 WD/year)=488 
pcs/WD 

Total Available Time 
(TAT) 480 min 480min 

Planned Down Time 
(PDT) 55 min 
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Planned Operating Time 
(POT = TAT – PDT) 425min 425min 

Customer TAKT = 
POT/PR 198sec/pcs 157sec/pcs 

Table1: Utilization of aluminium feedpump and cast iron feedpump assembly lines. 
 
3.3 Aluminium Feedpump and Cast Iron 
Feedpump 

 
Figure 3: Aluminium Feed pump and Cast Iron Feed pump 

 
Figure 3 shows, the aluminium feed pump and cast 
iron feed pump which are to be assembled in two 
different assembly lines. Above shown are the figures 
of Aluminium and cast iron feedpumps respectively 
and the part number variants that are being assembled  

in the respective assembly lines. It is clear from the 
Table 2 that the aluminium has only 2 part numbers 
and it is the exotic type. While the part numbers 
mentioned in the table for cast iron feedpump are 
only in one of the other lines. 

 

 
Table 2: Part numbers of both the feedpumps assembled in 

cell-3 and cell-6 respectively 

 
 

3.4Current Material flow 

 
Figure 4: Current material flow 

 
The material flow of the feedpump is shown in Figure 
4. In this flow diagram, only the material flow of 
Assembly line 3 (Aluminium type) and assembly line 
6 has been concentrated. The parts from the 
feedpump supermarket (which are taken from the 
logistics) is oil sealed for the cast iron type. The oil 

sealed parts are left for curing for 6 hours. Then the 
parts go through assembly station 1, assembly station 
2, and tightness station and at last to the performance 
bench. After the performance test, the feedpump 
assembly is stored in finished goods supermarket. 
From the finished goods supermarket of feedpump, it 
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is then taken to the A-pump assembly line where it 
will get assembled in the pump (refer Figure 4). 
 
3.5 Existing fixtures: 
 

Figure 5: Fixture for Aluminium feed pump for Assembly 
station 1 

 
The aluminium feedpump is placed on the fixture and 
sliding tappet, Name plate, plunger fitting, hand 
primer, filter bowl assembly are assembled for the  
Aluminium type of the feedpump. This has to be 
changed because the cast iron needs different (refer 
Figure 5) 
 

 
Figure 6: Fixture for Cast ironfeed pump for Assembly station 

1 
 

When there is a changeover from aluminium 
feedpump to cast iron feedpump, the fixtures need to 
be changed. The fixture showed in the Figure 5 is to 
be changed with the fixture in the Figure 6. 
 
3.6 Existing Plate 
 

 
Figure 7: Fixture holding plate for performance bench 

Figure 7 shows the fixture plate on the performance 
bench for holding Aluminium Feed pump.In order to 
increase the machine utilization, the fixture plate has 
to be modified so that it can hold fixtures 
corresponding to both aluminium and Cast iron Feed 
pump. Therefore all the holes in the plate has to be in 
line with the holes of both the fixtures. The Fixture 
for Aluminium and Cast iron feed pump for 
performance bench is shown in  
 

 
Figure 8: Fixture for Aluminium and Cast iron feed pump for 

performance bench 
 

Figure 8.The screw holes are marked with black 
circles for Aluminium fixture and white circle for 
Cast iron fixture only for the better reference. The 
modified fixture plate has to be designed in such a 
way that all the 7 screw holes must be accommodated 
on the same fixture plate. 
 
 Modified plate: 
 

 
Figure 9: Modified Fixture 

 
The fixture holding plate for performance bench 
(refer Figure 7) was modified in order to 
accommodate thefixture for Aluminium and Cast iron 
feed pump for performance benchas shown in Figure 
9. Additional screw holes were drilled at the 
appropriate locations on the fixture plate to hold both 
the fixtures corresponding to the changeover of the 
Aluminium and Cast iron feed pumps.The screw 
holes are marked with black circles for 
Aluminiumfeed pump fixture and white circle for 
Cast iron feed pump fixture only for the better 
reference. 
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Figure 10: Aluminium and Cast iron fixtures with the fixture 

plate 
 

The Figure 10 shows that both the fixtures can be 
accommodated in the modified fixture plate. Hence 
by adapting the fixture change both the aluminium 
feed pump and cast iron feed pumpcan be operated in 
a single cell, which will lead to the increase in the 
utilization of feed pump machines in the assembly 
line. 
 
IV. MACHINE UTILISATION 
CALCULATIONS: 
 
4.1 Existing condition: 
The average number shifts that can be operated in a 
day = 3  
 
The average number of shifts in a year = 
900(considering 12 months, 25 working days per 
month and 3 shifts /day). 
 
The Aluminium feed pump assembly line works for 3 
shifts and for 48 days in a year. Thus, 
Utilization of Aluminium feed pump assembly line in 
a year = 48 x 3 = 144 shifts. 
 
Therefore, the Aluminium feed pump assembly line is 
utilized (144/900 shifts) for 16% of planned 
operating time or total shift duration. 
(1) Utilization of Cast Iron feed pump assembly line 

= 122 working days (from Table 1) x 3 shifts 
=366 Shifts/year 

 
Therefore, the Cast Iron feed pump assembly line is 
utilized (366/900 shifts) for 41% of planned 
operating time or total shift duration. 
 
4.2 Proposed condition and the expected result: 
By designing a new fixture shown in Figure 6 and 
Figure 9, the operations of the two assembly lines can 
be combined through the fixture changeover, which is 
expected to increase the utilization of assembly line 
to57%{i.e., (144+366) / 900]. 
 

CONCLUSION 
 
 This technical paper is focused on increasing the 

utilization of the machinesin order to optimise 
the work in process area.  

 The utilization of the machine is increasedby 
modifying the fixture plate so that both the 
aluminium feedpump and the cast iron feed 
pumpfixtures can be mounted on the same fixture 
plate.  

 Because of the modification in the fixture plate 
the machines on the manual lines can be 
eliminated. 

 By having a fixture to interchange both the 
feedpumps, the machine utilization increased to a 
higher extent. It was found that the utilization 
ofaluminium feedpump assembly was 16% and 
that of cast iron feedpump assembly was 41% 
before the project was taken. Now by combining 
the two assembly lines the machine utilization is 
estimated to be increased to 57%.  

 The manual line which was used to assemble the 
cast iron pump should be eliminated so 
thataround is3.3% of Work in Process area can 
be saved. 
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