American Journal of Economics, Finance and Management

Vol. 1, No. 4, 2015, pp. 293-303

http://www.aiscience.org/journal/ajefm

American
Institute of
Science

£ AIS

DMAIC- Measuring the PVC Pipe Manufacturing

Process

- * - . -
Sachin Mahendru , Bikramjit Singh
Department of Mechanical Engineering, MM University, Ambala, India

Abstract

It is a conceptual paper to demonstrate the importance of application of Six Sigma DMAIC methodlogy to a PVC pipe
manufacturing process and to realize the role played by measure phase for successful completion of Six Sigma. Measure
phase measures the potential of the process. It is important to study the existing process in order to formulate the
improvement strategies. It entails a method to execute measure phase in a comprehensive manner so that this phase reflects
the actual process. It acts as road map for the researchers for executing measure phase using appropriate tool. A case study
has been conducted in a PVC manufacturing plant to execute measure phase to produce breakthrough results in real world

environment.
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1. Introduction

Six Sigma is employed to improve the process by attacking
the critical parameters of the process to improve the process
capability of the process. Six Sigma can be implemented by
DMAIC (Define, measure, analyze, improve and Control)
approach. A Six Sigma project is divided into five phases.
The first phase is defining the problem that needs to be
solved. Second phase is measuring the existing process.
Third step is analyzing the process. Fourth step is
improving the process and fifth step is control wherein the
process is validated over a span of time. Every phase has its
own importance. This paper focuses on importance of
measure phase of Six Sigma project. Operation
measurement being a critical phase is usually an area of
neglects by most of the enterprises especially in the SME
sector, which results in poor quality and quantity standards
and thus on the whole, results in creating bottlenecks in the
path of their future growth [1].
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2. Research Significance

Sigma is symbol in probability used to represent standard
deviation. Six Sigma represents six standard deviations from
average of a data set. Six Sigma is also a process
improvement methodology that seeks to bring a process or
product to six sigma standards. If data samples are taken over
a long period of time or for a large data set, roughly 68% of
the data will fall within the first standard deviation markers
above and below average. At six sigma 9.9997% of data will
land within six standard deviations range. Six Sigma as a
process improvement methodology seeks to improve a
process until it has 3.4 or fewer defects per million products.
Six Sigma projects can also seek 3.4 or fewer defects per
million opportunities. Six sigma theories are based on the
idea that all processes produce outcomes with a normal
distribution over time. Six Sigma theory also states that an
average and sigma or standard deviation can be calculated
from this process, allowing Six Sigma boundaries and
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process control charts to be calculated. Six Sigma projects
tools are then used to reduction variation in the process or
reduce defect rates. Six Sigma is a systematic tool that can be
applied to manufacturing process that has already been
designed, it can also be applied to a process which is yet to
be designed. Different ways through which six sigma can be
implemented are:

1. DMADV or DFSS (Define, Measure, Analyze, Define,
Verify)

2. DMAIC(Define, Measure Analyze, Improve, Control)
3. DMARDV(Define, Measure, Analyze, Redesign, Verify)

DMADV is used for projects aimed at creating new product
or process designs.

DMAIC is used for projects aimed at improving an existing
business process.

DMARDYV is used for projects at eliminating flaws in the
existing process

As in present case, there is existing PVC pipe manufacturing
process this is a case study work so DMAIC approach was
more appropriate.

3. Case Study

The Indian PVC pipes market is growing at a healthy rate.
The durability of PVC pipes along with the various
applications makes it the preferred option over conventional
pipes. Furthermore, the construction sector and the
agricultural sector are expected to boost demand for PVC
pipes in the future. The agricultural sector uses PVC pipes in
a big way for all their agricultural needs. The beneficial
properties of PVC boosts the demand for PVC pipes
compared to other types of pipes which also gives rise to
replacement demand. This research work will be carried out
at Patiala Polymers Ltd, prominent manufacturer, exporter,
importer and supplier of pipes and fittings for varied
applications. Incorporated in, at Patiala, (Punjab, India),
“Patiala Polymers,” are a leading organization engaged in
offering an extensive range of Pipes and Fittings for varied
applications. They are a distinguished Manufacturer and
Supplier of superior quality PVC Pipes, HDPE Pipes,
Electrical Conduits and Flexible PVC Pipes. Organization
ISO certified company.PVC pipes are produced by extrusion
process. Resins are important raw material for making PVC
pipes. PVC resins, I-OCTYL PHTHALATE (DOP), stabilizer,
processing acids, colorant and filler are raw materials for
extrusion process. The various process steps involved in the
manufacture of rigid PVC pipes are as follows:

1. Mixing

2. Extrusion Process
3. Haul off
4. Cooling
5. Cutting

6. Inspection

4. Methodology Adopted
(DMAIC)

At the heart of the Six Sigma methodology is the ‘define,
measure, analyze, improve, and control”’ (DMAIC) model for
bottleneck processes that fall below specifications and seek
incremental improvement. DMAIC (pronounced ‘Duh-MAY-
ick’) is a structured problem-solving methodology widely
used in diversified businesses [2]. In brief, the DMAIC
methodology has five phases [3]:

* Define the problem, the voice of the customer and the
project goals, specifically.

* Measure key aspects of the current process and collect
relevant data [4].

* Analyze the data to investigate and verify cause-and-effect
relationships. Determine what the relationships are and
attempt to ensure that all factors have been considered.
Seek out root cause of the defect under investigation [5].

e Improve or optimize the current process based upon data
analysis techniques such as design of experiments, Poka-
Yoke or mistake proofing and standard work, etc., to
create a new future state process. Set up pilot runs to
establish process capability.

* Control the future state process to ensure that any
deviations from target are corrected before they result in
defects. Implement control systems such as statistical
process control, score boards, visual controls and
monitoring tools for the process [6].

These phases lead the Six Sigma’s team logically, from
defining a problem through implementing solutions linked to
underlying causes and establishing best practices to make
sure the solutions stay in place. Operation/process
measurement is the vital phase that comes into picture
immediately after defining the problem [7].

Operation measurement being a critical phase is usually an
area of neglects by most of the enterprises specially in the
SME sector, which results in poor quality and quantity
standards and thus on the whole, results in creating
bottlenecks in the path of their future growth [1].

Measure phase act as a road map for short listing the relevant
measurement tools for implementation of Six Sigma. It has
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been found that doing ‘wrong operation measurement’ is one
of the major reasons for failure of DMAIC [8]. One of the
goals of the Measure phase is to pin-point the location or
source of a problem as precisely as possible by building a
factual understanding of existing process conditions. An
important part of Measure is to establish a baseline capability
level by actually calculating the pipe extrusion process
capability index (Cpk). After performing detail literature
review, various problems that are usually being faced in the
measurement phase, have been discussed briefly as under:

* Lack of awareness: Education plays a vital role in creating
awareness. Education system in a country like India does
not takes into account the importance of measurement
from an industrial point of view. Interaction of SMEs with
various research institutes and universities, causes stress
on management and interns creates hurdle in the overall
growth [9]. This may cause wrong selection of key process
metrics and further data may be collected in some non-
compatible form with respect to present production
environments.

* Lack of skilled manpower: Skilled workers bring degree
of expertise to the performance of a given job. Low
turnover is one of the results of unskilled workforce.
Workers with skills are in short supply and it becomes a
shortfall that marks another obstacle to the global
economic recovery [10].

* Non-application of high precision tools and equipments:
With changing times and throughout advancement in
technology, measurement tools and equipments have also
been upgraded themselves [11]. In SME’s various highly
précised measurement equipments are not being used,
resulting in their declining growth in developing nations
[12]. Along with their non-application, there are several
issues beyond accuracy that restrict the usability of
advanced metrology methods. These include poor
manufacturing environments and need of high initial
investments. These factors create a major hurdle in an
industry’s quality and quantity standards [13]. There is
need for workforce to understand measurement system
analysis (MSA) and its elements like bias, linearity, Gauge
repeatability and reproducibility (Gauge R&R) and
stability of measuring equipments, etc.

* No/expensive calibration done: All measuring instruments
are subject to varying degrees of instrument error and
measurement uncertainty [14]. Calibration is an essential
process that needs to be repeated after fixed interval of
time. Although calibration techniques are expensive, but
these are being vital to be adopted for improved and
accurate results.

e Lack of R&D: Many SMEs do not have Research and

development facilities in their premises, either because
they have little or no in-house R&D capacity or because
their R&D facility lies in some another domain or sector
[15]. Generally, management considers spending on R&D
as wastage of time and money despite not realizing the
importance of research and development the SMEs lag
behind in the upcoming standards.

* No investment in re-training: Imparting re-training to the
workforce is a key essential for improved growth. Re-
training helps the manpower to re-enhance their technical
skills and knowledge about the new up gradations of
measuring equipments. SME’s usually avoids on the job
training concepts [16].

5. Laying the Roadmap for
Measure Phase

In measure phase real time data was collected in order to
analyze the process in the subsequent phases. The process
was measured in order to determine current performance and
to quantify the problem. Tools that were employed in
Measure phase included SIPOC diagram, Pareto analysis,
root cause analysis, measurement system analysis and gauge
repeatability & reproducibility. SIPOC provided analysis of
the various steps that were involved in PVC pipe
manufacturing, input & output of every step thereby laying
down the complete process on a one sheet. It was followed
by prioritizing the reasons for poor COPQ that helped in
focusing the study on vital defects. After this root cause
analysis was done on order to find out the various reasons for
process Measurement system analysis
conducted to check the bias in the digital weighing balance
and gauge R&R was employed for micrometer that was used
to measure the wall thickness of the pipes.

variation. was

5.1. SIPOC

SIPOC contains information about the processes involved in
PVC pipe manufacturing (refer to Figure 1). In SIPOC input
parameters, process description and customer pertaining to
different processes involved are shown systematically. PVC
pipe manufacturing process starts with mixing process. In
mixing raw materials in required proportion were mixed
together to form mixed powder. Next process was pushing
mixed raw material to the screw and barrel. Screw and barrel
push the raw material to die and mandrel where forming
takes place. Fused powder takes the shape of PVC pipe, it
was then followed by cooling of pipe in cooling tank with the
help of 20 nozzles. Extruded pipe was pulled by Haul-off,
subsequently followed by stamping and cutting of the pipe
into lengths of 6 meter.
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Gulshan Rajasthan [Calcium Carbonate

Mixing
1. Heating of mixture in powdered
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Mixture in powdered form

Local Comapany |Pack 2.cooling it to 30-40 C Hopper
Godrej Steric Acid
Imported Wax
Yamuna Calcium Steric
Dupond Titanium Temperature 30-40
Temperature 20-30
Mixer RPM : 750 rpm
. Semisolid state mixture
Mixture In Powdered Form at a ) at 45-50 degree Celsius
) temperature of 30-40 Feeding .
Mixture 3. Pushing raw material to extruder Die & mandrel
Motor speed 21 rpm . .
with screw inside
rotating at 3u rpm
Extrusion Extruded Pipe
4. Material flow across twin screw
barrel rotating at 180-200 rpm & Temp. 45-50 C
temperature range 140-170 with
Barrel zone temperatures: the help of heaters.
Zonel: 201-209C ) )
Zone? : 180-199C t5 Matertlal mefltls1 due;obhlgh
Zone 3 ; 189-197C craperatire , Jo7owea by Dia =110 mm
7 4 149-155C compaction of raw material,
Hopper one 4 - compression ratio is 1.5:1 Cooling Tank
6. Fused material at temp. of 180-
230c is passed through die & Thickness 2.5 — 3mm
mandrel to produce 110 mm
Die zone temperatures:
zonel: 166-169C  Zone2
:158-164C  Zone 3 :
170-171C  Zone 4: 175-
183C
Cooling
Water flowing from 20 nozzles |7. Quenching of hot pipe to
Extruder G?qling water temperature 20-  |emnerature of 20-30 ¢, \.Nith Quenched pipe at a Haul Off
water as coolant, employing 20 temperature of 20- 30 C
pipes
8. Water & air cooling
Cooling Unit Holding Pressure: 1 Kgf Pulling of pipe Maintaining the pipe
Haul oftf RPM: 15 RPM 9. To pull the pipe from die Stamping
rotating at 15 rpm
Haul-off Stamp Stampmg . . . Stamped Pipe Cutting
10. Stamping certification on pipe
Automatic Gauges to measure . .
leneth of 6 & Cutting of pipe
Stamping engl of brm Length of pipe=6 M Tilting Unit
Holding pressure=2kgf 11. Cutting pipe in 6metre pieces
Cutting Gauges Tilting pipe Collection of pipe on Store

12 . Pipe on rack

stand

Figure 1. SIPOC Diagram.
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Every process of PVC pipe manufacturing is very important
to manufacture pipes as per customer’s requirement. Value is
added at each step as clear from SIPOC diagram. SIPOC also
depicts the process input parameters at each stage. When we
consider feeding process, the supplier is mixture, input
process parameters are mixture in powdered from at
temperature of 30-400 C and motor RPM are 21. Output of
the process is semi solid state mixture at 45-500C and the

customer to the process is Die & mandril.

5.2. Prioritize the Reason for Poor COPQ

The reasons for poor COPQ were analyzed using Pareto
diagram (refer to Figure 2). Defects were plotted with Loss
per month. Defects were organized from higher to lower in
term of loss. Commutative effect of the defects was studied.

Pareto Chart for Defects
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{\é'
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Loss Per Month (Nos.) 218 64 48 44 32 32 7
Percent  49.0 144 108 99 72 72 16
Cum%  49.0 63.4 742 840 91.2 98.4 100.0

Figure 2. Pareto Chart.

Figure 3. Root Cause Analysis.
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It was found unbalanced wall thickness, surface defects,
diameter variation constitutes more than 80 % of the defects.
Around 330 pieces were scraped due to these defects.
Unbalanced wall thickness was major defect that was present
and required immediate attention & give breakthrough
process improvement.

5.3. Root Cause Analysis

Wall thickness of the pipe had direct impact on the weight of
the pipe. In root cause analysis, major causes for weight
variation were found and bifurcated under different headings,
viz, men, material, machinery, tool, process, environment and
management (refer to Figure 3). Under process, the various
reasons for weight variation were barrel zone temperature,
vacuum pressure, screw geometry, haul-off speed, feeder
RPM, improper mixing of the constituents, haul-off pressure,
quenching temperature, cutting temperature & connecting

Sachin Mahendru and Bikramjit Singh: DMAIC- Measuring the PVC Pipe Manufacturing Process

head temperature. Under men, reasons were lack of training
and loyalty. Under material reasons included material flow,
constituent ratio, specification and quality of raw material.
Factors of weight wvariation due to machinery were
repeatability & reproducibility, wear & tear, screw geometry,
die profile etc. As depicted from the Figure 5.9, in the similar
manner various causes under environment and management
heading were found.

The next step was to find the critical to process parameters
from root cause diagram. The parameters were sub-divided
into Controllable parameters, Parameters out of control &
Noise parameters (refer to Figure 4). Controlled parameters
are those parameters that are in control during the process,
includes the factors like constituent ratio in mixture, screw
geometry of barrel, power supply, human error, layout and
cutting pressure.

CONTROLLED PARAMETER OUT OF CONTROL NOISE PARAMETER
PARAMETERS

1. CONSTITUENTSRATIOIN 1. FEEDERRPM 1. HUMIDITY
MIXTURE 2. BARRELZONE TEMPERATURES 2. LOYALTY

2. SCREW GEOMETRY OF (AT 4ZONES) 3. WEAR&TEAR
BARREL 3. CONNECTING HEAD TEMPERATURE 4. FEEDBACK

3. POWERSUPPLY 4, DIEZONE TEMPERATURES 5. REPORT

4. HUMANERROR (AT 4 ZONES)

5. LAYOUT 5. QUENCHING TEMPERATURE

6. CUTTING PRESSURE 6. HAULOFFRPM

7. MSA

Figure 4. Critical to Process Parameters.

Figure 5. Weighing Balance.

Out of control parameters are the parameters that are out of
control but they can be controlled. Feeder RPM, Barrel zone
temperatures, connecting head temperature, Die zone
temperature, quenching temperature and haul-off RPM are
out of control parameters. Noise parameters are the
parameters that cannot be controlled but may affect the
process. Humidity, loyalty, wear & tear, feedback and report
are noise parameters.

5.4. Measurement System Analysis

Majorly weight and wall thickness are critical parameters.
These are measured and monitored with weighing balance
and vernier caliper. So before moving to analyze phase it was
important to check these measuring instruments. MSA was
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conducted to check the bias in the digital weighing balance
and Gauge R&R for checking vernier caliper. Digital
weighing balance was checked for bias. A bias study was
conducted. Bias study is generally conducted to check for the
bias in the measurement system. Figure 5 shows the digital
weighing balance that will be used to weigh pipes.

Hypothesis and null hypothesis were formulated as:

HO: No bias in weighing

PATIALA POLYMERS LTD
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Ha: Weighing balance has bias

In bias study difference between observed value, reference
value & average measurement was studied. A set of 15
readings were taken to conduct bias study (refer to Figure 6).
A reference value of 12 Kg was taken as overall mean. Least
count of weighing balance was .001 Kg. “O” reading was
computed to be 0.193286 which is between -0.53668 &
0.29468 as it is between positive 0.29468 and negative value
0.53668 (refer to Figure 6).

BIAS STUDY

PART NAME: PIPE Parameter WEIGHT
Gaug Name & Weighing Scale Process variation/ 0.008mm
L.C. 0.001kg Tolerance 11.8 12.2
Appraiser Name Sudhagar Yadav
Reference Value. 12 kg
TRIALS(n)OBSERVED VALUE BIAS

1 11.950 -0.050

2 11.090 0.000

3 12.500 0.500

4 11.095 -0.905

5 11.850 -0.150

6 12.000 0.000

7 11.700 -0.300

8 12.000 0.000

9 11.750 -0.250

10 11.750 -0.250

11 11.800 -0.200

12 11.600 -0.400

13 11.650 -0.350

14 11.700 -0.300

15 — 13.750 | 1.750

I% 11.87900 [ [ Bias| -0.060333
[BIAS -0.12100]
Plot Histogram related to the reference value
Anayse the histogram for any special cause
Max(Xi)-Min(Xi)
Calculate o Reapatability( Oy)= dy* 0.748594
Where d,* & d, is taken from the table(appendix C)
dy*= 3.55333
Calculate Oor Where n = no. of trials d,= 3.41793
Jn
Op =| 0.193286
Bias Factor 0.4156769
Lower limit -0.53668
As 'o reading’ is lying in bertween lower and upper limit

Upper limit 0.29468 Hence the Scale needs no caliberation

It is working with acceptable level of Bias
Perdictions are with 95% confidence level

Figure 6. Bias Study.
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Reported by: Sachin Mahendru

Gage name: Weighing Scale Tokrance: 0.2
Date of study: Misc: Least Count 0.001 Kg
Gage Bias
20 o Data Reference  Bias
B Avg Bias
¢ Average -0.121

12 -0.121

" p=0.897

As p value is greater than 0.05

10 Hence, Null hypothesis of 'No
Bias' in Weighing Scale is
- accepted
g 0.5 °
0.0 ]
v
]
§
-0.5
[ ]
-1.0
6 8 10 12 14 16

Reference Value
Figure 7. Bias Report of weighing Balance.

Hence, the weighing balance needs was working with
acceptable level of bias & need no calibration at this moment.
This prediction was with 95% confidence.

As clear from Bias report P=0.897 which is greater than
0.05(refer to Figure 7). Hence null hypothesis is accepted
that there is no significant bias in weighing scale.

5.5. Gauge R&R

Repeatability and reproducibility are important properties of
a measuring instrument. A gauge R&R study was conducted
to check repeatability and reproducibility of micrometer.
Micrometer is used to measure the wall thickness. As Wall In Gauge R&R Study three operators took 10 readings of wall
thickness is one of the critical parameter. So it was important  thickness of 10 pipes, each pipe was repeated thrice to check
to check the gage (micrometer) before conducting further  the repeatability (refer to Figure 9).

study.

Figure 8. Micrometer.
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PARTS
APPRAISER TRIALS 1 2 3 4 5 6 7 - 8 9 10
1 2.80 2.77 2.85 2.91 2.80 2.84 271~ 2.84 2.72 2.59
2 2.72 2.76 2.86 2.84 2.85 2.84 2.75 2.65 2.55 2.64
SUDHAGAR YADAV 3 2.86 263 2.85 2.84 2.90 273 2.71 264 2.62 2.70
Average 2.79 2.72 2.85 2.86 2.85 2.80 272 _ 2.71 2.63 2.64
Range 0.14 0.14 0.01 0.07 0.10 0.11 0.04 ~ 0.20 0.17 0.11
1 2.85 2.76 2.71 2.88 2.80 2.78 2.69 2.76 2.72 2.65
2 2.88 2.96 2.64 2.84 2.81 2.84 2.78 2.65 2.57 2.66
SACHIN 3 2.72 2.55 2.77 2.77 2.86 2.80 2.83 ~ 2.72 2.62 2.70
_ Average 2.82 2.76 2.71 2.83 2.82 2.81 2.77 2.71 2.64 2.67
. Range 0.16 0.41 0.13 0.11 0.06 0.06 014 _ 0.11 0.15 0.05
oo 1 2.85 2.78 2.75 2.77 2.85 2.75 2.78 2.62 2.72 2.70
) 2 2.80 2.75 2.79 2.90 2.82 2.83 2.83 2.65 2.65 2.65
RAM NARESH 3 2.77 2.12 2.77 2.85 2.89 2.72 2.85 2.76 2.63 2.12
Average 2.81 2.75 271 2.84 2.85 2.77 2.82 2.68 2.67 2.69
_- Range 0.08 0.06 0.04 0.13 0.07 0.11 0.07 0.00 0.09 0.00
Figure 9. Gauge R & R readings.
Gage R&R Study - ANOVA Method
Gage R&R for Measurement of Pipe Thickness
Gage name: Micrometer
Date of study:
Reported by: Sachin Mahendru
Tolerance: 0.01lmm
Misc: Gage No. MBT-03
Two-Way ANOVA Table With Interaction
Source DF SS MS F P
Parts 9 0.389404 0.0432672 12.6180 0.000
Operator 2 0.002056 0.0010278 0.2997 0.745
Parts * Operator 18 0.061722 0.0034290 0.7454 0.751
Repeatability 60 0.276000 0.0046000
Total 89 0.729182
o to remove interaction term = 0.05

Figure 10. Gage R&R Statistic.

First of all first pipe’s thickness was measured three times by
first operator, then average and range of readings were
calculated. This procedure was repeated by two more
operators for 10 pipes. Micrometer’s reproducibility and
repeatability was calculated on the basis of this data
calculated. It was followed by application of two way

ANOVA (refer to Figure 10), it can be depicted from the
report that variation among operators was under control
(having P value 0.745), variation among part and operator
was also satisfactory (having P value 0.751), however,
variation among the parts was not satisfactory (P value is 0).

Figure 11 shows Gage R&R (ANOVA) report of micrometer
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having least count 0.01 mm. First figure is showing
component variation among gauge R&R, Repeatability,
reproducibility and part to part variation. Second figure is

Sachin Mahendru and Bikramjit Singh: DMAIC- Measuring the PVC Pipe Manufacturing Process

Showing X chart with upper control limit 3mm & lower
control limit 2.50 mm of pipe thickness.

Reported by: Sachin Mahendru

ige name: Micrometer Tolerance: 0.01mm
Misc: Gage No. MBT-03
Components of Variation Measurement of Pipe Thickness by Parts
80 [ % Contribution 3.00

B % Study Var
[ % Tolerance

-+
c
Q
S 40
[0}
[~
Gage R&R Repeat Reprod Part-to-Part
R Chart by Operator
RAM NARESH SACHIN SUDHAGAR YADAV
S04 | 7\ i
5 ! !
o ‘ ‘ UCL=0.2857
o 0.2 ! !
2 _
£ ‘ ; R=0.111
» 0.0 - . LCL=0
NYDBRS0ABAINLYH XGNP NVYD S 6 DAY
Parts
Xbar Chart by Operator
2o RAM NARESH SACHIN SUDHAGAR YADAV
. T T
UCL=2.8720

28 N =
.\. X=2.7584
ARV ERY
‘ W LCL=2.6449

NYD RS0 A9 YD RO0ADAINYD KH 6N A

Sample Mean

Parts

2.75
2.50
1 2 3 G) 5 6 7 8 9 10
Parts
Measurement of Pipe Thickness by Operator
3.00
| |
2.75 T
2.50
RAM NARESH SACHIN SUDHAGAR YADAV
Operator
Parts * Operator Interaction
O perator
—@— RAM NARESH
—l— SACHIN

-4@- SUDHAGAR YADAV

1 2

7 8 9 10

3 4 5 6
Parts

Figure 11. Gage R&R Report for measurement of pipe thickness.

Third Figure is showing R chart by three operators & R bar
value came out to be 0.111. Fourth figure is showing Box
plot as the line joining three boxes is a straight line so
reproducibility of the micrometer is up to mark. Fifth
diagram is showing X chart by three operators, showing the
repeatability of micrometer is poor as variation is high. Sixth
figure is showing parts operator interaction, showing red,
green & blue lines. All the lines are overlapping so
reproducibility of micrometer is OK. The measurement
system variation was calculated, it was 70.7%. The process
variation was estimated from the parts in the study. If
variation is

<10%: acceptable
10% - 30%: marginal

>30%: unacceptable

The variation in repeatability was 70.7% of the total variation
in the process. So the repeatability of micrometer was poor.
However, reproducibility is up to the mark. So micrometer
needed to be calibrated before going to next phase,
micrometer was calibrated from laboratory.

6. Results and Conclusions

From Measure phase the process was measured with help of
SIPOC diagram followed by prioritizing the reasons of
COPQ with the help of Pareto chart. It identified unbalanced
wall thickness, circumferential waviness and diameter
variation as major defects that impact the weight. The
process was then measured with the help of Ishikawa
diagram that bifurcated the reasons for process variation
under head men, material, machinery, process, environment
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& management. After analyzing Ishikawa diagram, feeder
RPM,  Dbarrel temperatures, connecting head
temperatures, quenching temperature, haul-off RPM were
identified as critical to process parameters. MSA was
executed in the last step of measure phase. It was found that
weighing balance needed no calibration as the p value (0.897)
was greater than 0.05 & ‘O’ reading was lying within the
limits. Gauge R & R testing for micrometer showed that it
has poor repeatability however reproducibility of micrometer
was up to the mark.

zone
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