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Abstract— Quality is a very essential of any organization. Our project seeks in quality improvement in bearing manufacturing industry.
DMAIC process (Define, Measure, Analysis, Improvement, and Control) is used in our project. This project is undertaken for
improvement in quality by using different quality tools like, pareto analysis, cause and effect analysis, why analysis and brain-storming
are used for finding the poor quality. Based on this data quality improvement will be done and further improvement will be suggested.

Index Terms—pareto analysis, cost &cause analysis and data quality maintain.

. INTRODUCTION

SYNERGY FORGE PVT. LTD. is a private company registered on 12/09/2007. This organization is manufacturing of inner and outer
bearing rings as per the customer the customer drawings and specifications. Their specialization is in forging, rolling and CNC turning. The
company supplies it’s product to reputed organization SKF bearings. Company is continuously trying to increase its productivity and quality
level to satisfy customer needs.

Plant is situated at GIDC, Rajkot (Gujarat), India. The facilities available in organization includes forging shop, machining shop, inspection
shop, NDT testing, storage section, heat treatment furnaces, dispatch section and warehouse.

DMAIC approach is the most common and well known methodology for problem solving in six-sigma. DMAIC is an abbreviation, which
stands for Design-Measure-Analyze-Implement-Control. Its aim is to reduce number of possible defects in an organization by letting the
process with high efficiency level. DMAIC is a systematic and statistical approach to implement in a controlled plan.

Fig. 1.1 Basic DMAIC Process Chart

In today’s scenario, the business cell going down has become a common problem. Its fact that the companies demand their employees for
better performance. Every industries strives for better production and they implement their best efforts.

Il. OBJECTIVES OF DMAIC APPROACH
The DMAIC approach is a classical six sigma problem solving methodology. Much amount of variation is undesirable from customer

point of view as well as any organization. Overall variation results into increase in rejection rate. DMAIC approach is implemented to reduce
the variation in different parameters.

Basic objectives of DMAIC approach are:

. Quality improvement

. Reduction in rejection rate

. Analyze the cause of defects

. Reduce excess cost

. Reduce excess time

DMAIC identifies key requirements, deliverables, tasks and standard tools for a project team to implement while resolving a task.

DMAIC

Performance Improvement Methodology
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Fig. 2.1 Phases of DMAIC Approach
JETIR1706012 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 54




June 2017, Volume 4, Issue 06 JETIR (ISSN-2349-5162)

Five steps of DMAIC process are:

Step-1: DEFINE the problem and scope the work efforts of the project team. In this phase the customer requirement, project goals and time
for completion are estimated.

Step-2: MEASURE the current process or performance. Identify the current situation data and summarize it. This phase usually involves
the collection of data’s in graphical or tabular form.

Step-3: ANALYSE the current performance to isolate the problem. In this phase different methods can be implemented such as Pareto
chart analysis, cause-effect diagram, why analysis, etc. By implementing this phase we can get idea about the root cause of the problem.

Step-4: IMPROVE the problem by selecting a solution. Based on the previous phase we can define the root cause and methods to reduce
this problems are implemented in this phase. Collect the possible ideas to improve the condition and prioritize it on base of customer
requirement. And improvement of ideas by re-evaluating it.

Step-5: CONTROL the improved process to ensure the targets are met. Define the validate system and standardize the process plan. The
ongoing implemented process must be regularly monitored and further plans to improve the ongoing process are carried out.

Wherever Times is specified, Times Roman or Times New Roman may be used. If neither is available on your word processor, please use
the font closest in appearance to Times. Avoid using bit-mapped fonts. True Type 1 or Open Type fonts are required. Please embed all fonts,
in particular symbol fonts, as well, for math, etc.
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Fig. 3.1 Layout Plan of Synergy Forge PVT. LTD.

IV. DATA COLLECTION
Check sheets are used for collection of data. The check sheet is one of the tools used in 7 basic tools of quality. It is used to collect data

in real time at the location where the data is generated. According to DMAIC approach this is considered as the main phase. The regular data
of the ongoing process are being gathered during this phase.

There are broadly two types of rejections i.e. forging rejection and machining rejection. Accordingly we have prepared two work sheets for
collection of the scrap data.

1)  Forging rejection report.

2)  Machining rejection report.
Forging rejection report includes the rejections due to forging. Following are the defects occurs due to forging:
Overheat
Surface crack
Pane-cake oversize
Burns on cup
Oversize at ring rolling
Bend at ring rolling
Grooving defect at ring roller
. Lapping of face due to shearing
hining rejection report includes the rejection due to machining. Following are the defects occurs due to machining:
Forging defect
Groove position displace
RS groove diameter
Eccentricity
3-point error

Ma

ORWNPS ONDORWNE

JETIR1706012 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 55




June 2017, Volume 4, Issue 06 JETIR (ISSN-2349-5162)

1. COLLECTED DATA FOR PART TYPE 6310 (Before implementation)

MACHINING REJECTION REPORT
FORGING REJECTION REPORT SYNERGY FORGE PVT. LTD. GRADE:- HEAT NO:- PD 05
SYMERGY FORGE PVT. LTD. | GRADE;- HEAT NO:- Form No. :FPDOS PART TYPE :- IM 6310 LOT NO:- CUSTOMER:-
PART TYPE:-6310 LOT NO:- CUSTOMER:- | TOTAL FD PRE M/C CNC M/C TOTAL
DATE RS REJECTI
TOTAL
TOTAL oH sc P01 ac2 | over | senp - wer | TOTAL PRODUCTION | WIDTH | 0.0. | L. | TK |FACE| 0D | 1D |WIDTH|0D | 1D | TK | 0 |G| 3P [ecc| T e o o
DATE PRODUCT
1on om| m [om| m |om| v |om|m|om|im|om| m |om|im|om| m % REJECTION| |_3/8/2015-d 648 46 2 48 7.4074074]
31/8/2015-n 135 20 1 1 22| 16.296296
8/9/2015 2375 | 2 a0 2116 1 1] 54| 2.27368421| | 9/1/2015-d 715 5 | 5| 1 1 37] 5.1748252
8/10/2015 358 19 2 2 23 9/1/2015-n 825 5 |18 1 15| 1.8181818
8/13/2015 2798 20 2 NENE 1 30| 1.07372042| |_ 9/2/2015d 950 7 | 315 1 2 2 30| 3.1578947
8/14/2015 2264 24 3 30| 1.32508834 9/2/2015-n 730 8 2|7 2 1 20| 2739726
8/27/2015 1810 4 2 6 2 (12 3 2 22| 1.21546961] _9/10/2015-d 905 3 5 1 9| 0.9944751
8/28/2015 1644 2 2 [ 1] 2 2 2 2 3| 16| 0.97323601] | 9/10/2015-n 965 5 3 2 1 11{ 1.1398964
8/30/2015 3845 2 1 2 2 7| 0.a820s462] | 9/11/2015-d 950 3 |14 1 9| 0.9473684
8/31/2015 3635 2 1 ] z 7| 0.a9257221) | 9/11/2015-n 830 2 |23 2 1 1 11| 1.3253012
9/12/2015-d 960 1|11 1 2 1 7| 0.7291667
19225 | 8 | 2 [109| 0 |10 | 4 [a 2|7 |1]|18] 3 [12]0][3 |6 189 0.98309493| |_9/12/2015-n 950 1 2 2 1 2 3| 08421053
% DEFECTS 4.23[1.06(57.7| 0 [529]21 (21 11]37 05|95 158|63 | 0| 1.6 3.2
Total 9563 40 |15 [139] 0 [as[ofo| 7 [1[3]o] o |7]olo] 227
OH=0VERHEAT , SC=SURFACE CRACK , PO 1 = PANECAKE OVERSIZE AT 1ST PRESS, BC 2 = BURNS ON CUP AT 2ND PRESS, OVER = OVERSIZE AT % Defects 17.621 | 661 (61.2| O |661) O | 0 [3.0837|04 (13| 0 o 31/ 0 0f
RING ROLLING, BEND = BENDING AT ROLLING RING, GD = GROOVING DEFECT AT RING ROLLER, LAPP= LAPPING ON FACE DUE TO SHEARING
MACHINE 1:F.D. = FORGING DEFECT / 2 : G.P. GROOVE POSITION /3 :RS G.D.= RS GROOVE DIA, 3P= 3 POINT ERROR, ECC=ECCENTRICITY
Checked By: | Approved By : | | Quality Control ‘ | Prepared By: ‘ | Approved By : | Quality Control ‘

Table 4.1 Forging Rejection Report of Part Type 6310 Table 4.2 Machining Rejection Report of Part Type 6310 (IM)

2. COLLECTED DATA FOR PART TYPE 6311 (Before implementation)

FORGING REJECTION REPORT MACHIMNING REJECTION REPORT
SYNERGY FORGE PVT. LTD. |GRADE;-3 HEAT NO:- R=22261 Form No. (FPDOS SYNERGY FORGE PVT. LTD. GRADE;- HEAT NO:- Form No.
PART TYPE;- 6311 LOT NO:- CUSTOMER:- PART TYPE:- 6311 IM LOT NO:- CUSTOMER:-
TOTAL FD PRE M/C CNC M/C
TOTAL TOTAL
oH sc PO1 | BC2 | OVER | BEND | 6D | LAPP |RelEcTIO Wi TOTAL
DATE PRODUCTI
DATE PRODUCTIO N oN \‘n::) 0.D.| LD. | TK [?C OD|ID |DT |OD|ID |TK SSD G.P | 3P |ECC| REJECTION
N OM | IM | OM | IM [OM |IM [OM [IM [OM[IM | OM | IM|OM [IM | OM |IM % Rejection H i % REJECTION
8/16/2015 129 2 1 3| 6| 0.46296296, 3%31: e = = 22 - > S Lomaeeans
1.463790447
8/17/2015 1302 hd 2 2 8| 0.59612519 8/13/2015 1651 2 68 1 3 74 4482132041
8/18/2015 150 | 2| 2 4| 0.25974026! 8/14/2015 935 1 10 3 12 1481481481
8/20/2015 NO LOAD B8/15/2015 770 2 6 2 13 23 2.987012987
8/21/2015 NO LOAD 8/16/2015 635 3 4 7 14 2.204724409
8/22/2015 2557 2 3 2] 1 1 11] 0.43019163 8/17/2015 635 z ] 212 1 10 157480315
8/23/2015 2760 3 2 2 2 a| 0.32608696 8/18/2015 410 4 6 1 2 4 17 4.146341463|
8/19/2015 1040 B8 2 5 5 1 21 2.019230769
1717 3
8/24/2015 1 3 2 1 10| 0.67704307 /20,2015 T 3 o 3 o o aassatans
8/25/2015 2880 5 2 312 2 2 1 17| 0.59027778, 8/20/2015 1145 3 | 2|5 3 2 5 20 1.746724891
13852 (2 )12)0|5|5|/0]|0j0)0]13|2(7 |0 4|4 65 8/21/2015 1275 2 |10 2 4 8 26 2039215686,
% DEFECTS. 16.9(3.07[18.5] 0 [7.7]7.7] 0 [0 ] 0|0 |20 [31]11 | 0] 6.15]6.2] 8/21/2015 625 3 2 3 B 1271860095
8/22/2015 566 5 20 1 1 3 30 5.300353357
OH=OVERHEAT , SC=SURFACE CRACK , PO 1= PANECAKE OVERSIZE AT 15T PRESS, BC 2 = BURNS ON CUP AT 2ND PRESS, OVER = OVERSIZE AT 12208 | 25 | 8 f49| 2 |51} 00|20} 7]|2]13]1 0 ]39]0]0 317
RING ROLLING, BEND = BENDING AT ROLLING RING, GD = GROOVING DEFECT AT RING ROLLER, LAPP= LAPPING ON FACE DUE TO SHEARING % DEFECTS 78912521 47 |06311610 |0 166122106{411 0 123} 0 O
MACHINE
QUBHW 1:F.D. = FORGING DEFECT / 2 : G.P. GROOVE POSITION /3 :RS G.D.= RS GROOVE DIA , 3P= 3 POINT ERROR, ECC=ECCENTRI
Checked By: | Approved By : | | Control ‘ ‘ Prepared By: | | Approved By : | Quality Control |

Table 4.3 Forging Rejection Report of Part Type 6311 Table 4.4 Machining Rejection Report of Part Type 6311 (IM)

3. COLLECTED DATA FOR PART TYPE 6310 (After implementation)

MACHINING REJECTION REPORT

FORGING REJECTION REPORT SYNERGY FORGE PVT. LTD. | GRADE; HEAT NO: Form No.  |:F PD 05
SYNERGY FORGE PVT. LTD. [GRADE:- HEAT NO:- Form No. :FPDOS PART TYPE :- IM 6310 LOT NO:- CUSTOMER:-
PART TYPE:-6310 LOT NO:- CUSTOMER:- L D PRE M/C ONCM/C TOTAL
DATE ) RS REJECTI
TOTAL PRODUCTION | WIDTH | 0.D. | 1.D. | TK |FACE|OD| ID |WIDTH|0D | ID | TK G.P| 3P |ECC o
TOTAL OH sc P01 BC2 | OVER | BEND G0 | waee | hon GD ON % Rejection
DATE PRODUCT
1N om|m [om|m |om|mm [om|m|om|m|om| m om|m|om|m % REIECTION 22220164 €80 I 1 16| 2.3529412
22/2/2016-n 168 9 1 1 11| 6.547619
09-02-2016 2436 | 1 20 T|L|1l|2 1 1 28| 114942529 _ 23/2/2016-d 708 2 [2]u 1 1 17| 2.3011299
11.02.2016 957 B 1 2 12| 12530185 _ 23/2/2016:n 824 2 [+ |8 1 7| 0.8495146
12-02-2016 2832 11 1 12 1 16| 056497175 _25/2/2016-d 949 3 117 1 1 1 14] 14752371
13.02-2016 2316 3 2 15| 0.54766839 _ 25/2/2016-n 738 3 |13 1 1 9| 12195122
14-02-2016 1910 [ 2|1 ]2 SR 2 2 12| 062827225 _ 26/2/2016-d 72 1 2 1 4| 04115226
15-02-2016 1784 1 1 1 1 2 1 1 8| 0.44843049 _26/2/2016-n 89 2 1 1 1 5/ 05055612
16-02-2016 3874 o IS 1 2 5| 012906557 _ 27/2/2016-d 937 1 112 1 5| 0533617%
18-02-2016 3683 1 | a 1 2 5| 013575889 _ 27/2/2016-n 892 T 1 1 6| 06726457
0 28/2/2016-d 871 1 1 1 3 1 1 6| 0.6179197
19792 [ 4 |1 |ss| o [s|3[2]1]|a[a[8]1 9]of[3]3a 101| 051030719 _ 28/2/2016-d 938 1 2 1 1 1 6| 06396588
% DEFECTS 3.96|1.06|57.7| 0 |5.29]21 21 [1.1]37 05|05 |158 63| 0| 1.6] 3.2 99.67539, 0
Total 9766 17 [9|s7[ofoafofo] 6 [t][2][0] 0o [5]c]o 106
OH=OVERHEAT , SC=SURFACE CRACK , PO 1 = PANECAKE OVERSIZE AT 1ST PRESS, BC 2 = BURNS ON CUP AT 2ND PRESS, OVER = OVERSIZE AT % Defects 15.038 | 849|53.8| 0 |849| 0 | 0 [56604|109|1.9/ 0| 0 |47| 0| O 100
RING ROLLING, BEND = BENDING AT ROLLING RING, GD = GROOVING DEFECT AT RING ROLLER, LAPP= LAPPING OM FACE DUE TO SHEARING
MACHINE 1:F.D. = FORGING DEFECT / 2: G.P. GROOVE POSITION /3 :RS G.D.= RS GROOVE DIA , 3P=3 POINT ERROR, ECC=ECCENTRICITY
checked By: | approvea sy : | [ cusiiy contrar | prepared By: | | Approved By : [ uaiity control

Table 4.5 Forging Rejection Report of Part Type 6310 Table 4.6 Machining Rejection Report of Part Type 6310 (IM)

4. COLLECTED DATA FOR PART TYPE 6311 (After implementation)

FORGING REJECTION REPORT MACHINING REJECTION REPORT
SYNERGY FORGE PVT. LTD. | GRADE;-3 HEAT NO:- R-22261 Form No. :FPDOS SYNERGY FORGE PUT, LTD. |GRADE - HEAT NO-- Form No. :FPDOS
5 . T - 5 3
PART TYPE;- 6311 LOT NO: CUSTOMER . PART TYPE-0311 OM LOT NO: CUSTOMER:
TOTAL Al [ PRE M/C NC M/C
OH sc PO 1 BC2 | OVER | BEND | GD LAPP | REJECTIO T T TOTAL
DATE PRODUCTIO! DATE PRODUCTI s
N L winTH | 0.0.[ 1. | Tk [Face (oo |10 wibh[oo | 1D | TK a.p | 3p |ecc| REIECTION

om | v [om [ m [om[im[om[im om[im[om[im[om[im]| om [im 9% Rejection oN a0 % REJECTION

19-02-2016 1354 1 1 1 3| 0.22156573 _ 29-02-2016-d 1675 1 1 1 1 a

20022016 1376 2 2 2| ¢ 0.4360a651 _ 29-02-2016.n 1836 1 1
21022016 1690 11 2| 0.1183a32 _1-03-2016.d 1795 |2 |1 z |1 | s |2 13 0.724233983
22-02-2015 1763 of ; z: ;z: : ;;$ - : : 2 § — 1 1’1 0.476190476
23022016 1807 o 1 0.666666667
3.03.2016.n 1280 1 1 2 2 6 046875
25.02-2016 202 2 112 A 2 7| 027322404 453 5010a 7% N 5 T O 0705882352
26-02-2016 2791 1 1 2 2 6] 0.21497671 " 4.03.2016-n 865 1 2 (2 1 4 10 1.156069364
27-02-2016 1589 1 1 1 1 1 5| 0.31466331 ~ 5.03.2016.4 875 1 1 2 0.228571429
28-02-2016 2657 2 1 2 (1 2 1 1 10| 037636332  5.03-2016.n 585 3 1 r a 0.683760684
17679 s[1[s[o|3[3|[o[o[o[o[s[2[s]o]a]2 39 60320164 | 695 g 3 [ =2 = =T 0.71942a46
% DEFECTS 16.9(3.07|185| 0 [77(77/ 0 |0 | 0 |0 |20 (31]|11]| 0 6.15|6.2 99.96| 6-03-2016-n 460 o 0
7.03.2016-4 765 1|2 3 0.392156863

+ b
OH-OVERHEAT , SC-SURFACE CRACK , PO 1 - PANECAKE OVERSIZE AT 1ST PRESS, BC 2 - BURNS ON CUP AT 2ND PRESS, OVER - OVERSIZE AT 7-09-201G-n %0 31 3 1 1 L2 0.618336701
RING ROLLING, BEND - BENDING AT ROLLING RING, GD - GROOVING DEFECT AT RING ROLLER, LAPP~ LAPPING ON FACE DUE TO e 1290 = i) z e 7 056
8.03.2016.0 1065 2 2 4 0.375586854
MACHINE L I
Quality 15300 a 1| 5 |1 [15 0|0 14 [10|s5[0|1w0]6 0|0 89
Checked By: Approved By : contcl % DEFECTS 440438112562 213[169 |0 [0 (1573 [11[56[ 0 [11]674| o of 100

Table 4.7 Forging Rejection Report of Part Type 6311 Table 4.8 Machining Rejection Report of Part Type 6311
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V. DATA ANALYSIS
Data analysis is very essential and important part of DMAIC approach. For elimination of the defects, most important tasks or factors are
identified. To find out the reason for scraps, various testing and design of analysis is carried out. It includes the analysis of the available data
which are collected from the previous process. And it is also important that all the data must be analysed by different types of analysis because
different types of analysis gives the results of different parameters which are very important to focus.
After that opinions from the different experts are taken on possible suggested solutions.
Different methods of data analysis are as follows:
. Pareto Analysis
*  Why why analysis
. Brainstorming activity
Fishbone diagram
Cause and effect diagram
Statistical Method
. Prioritization matrix
We have used Pareto Analysis, why analysis and cause and effect diagram to solve the problem.
1. Pareto Analysis
Pareto analysis is very effective tool for analysis of past collected data. Pareto Analysis is mostly used in all type of industries which
follows six sigma standards.
Following fig. shows pareto charts for lots of part no 6310 and 6311 for forging and machining rejection data.
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Fig. 5.1 Pareto chart for forging part type 6310
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Fig. 5.2 Pareto chart for machining (IM) part type 6310

From the above Pareto charts is observed that the maximum rejection found in following type:
In forging process:-

»  Surface Crack (OM)

. Bending at ring roller machine

*  Overheat (OM)

. Grooving defect at ring roller machine (OM)

. Lapping on face due to shearing machine (IM)
In machining process:-

. Forging Defect (ID)

. Pre-machining (face)

+  Forging defect (TK)

. CNC machining (width)

+  Forging defect (width)
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VI. IMPLEMENTATION
A. Implementation in forging department

In forging department mainly the rejection was due to surface crack, this was basically due to uneven impact load (i.e. machine defect).
Presently the older power press machine is replaced and new power press machine is installed.

This machine has replaced 3 machines as it can perform 3 operations in single stroke. This new machine is installed in one production
channel. As it’s beneficial in all terms of cost saving, in future new machine will also be installed in second production channel.

Secondly the rejection was due to overheat, this was due to oiled rod (i.e. raw material defect). Because of oiled rods feeded into the heater
there was slippage of feed rollers and so the feed rate was slower and material was overheated. Presently there is removal of oily surface and
then it’s feuded into heater.

Bending at ring roller machine is mainly due to misaligned rollers and failure of bearings (i.e. machine defect). This can be reduce by
implementing periodic maintenance of rollers and machine bearings.

B. Implementation in machining department

In matching department, the rejection was mainly due to forging defects (i.e.ID, TK, Width). These defects are usually the internal defects
which can’t be recognized during forging inspection. This defects gets appeared while machining. so by implementing the above suggestions it
gets automatically reduced.

Pre-machining (face) is reduced by implementing tool grinding at regular intervals.

CNC machining is reduced by implementing replacement of tool inserts at regular intervals.

By controlling the implemented solutions in the firm and continuous monitoring over it rejection can be reduced. By Continuous efforts and
effective control one can maintain quality.

VII. CONCLUSION
This chapter includes the result by comparing rejection data before implementation of DMAIC approach with present rejection data after

implementation of DMAIC approach.

The result of DMAIC approach is shown by the help of bar chart.

8.2 Comparison charts

The comparison is done by considering the overall production of both the lots (i.e. before and after implementation of DMAIC approach) .

The defects are considered in terms of percentage of particular defect of overall production.

Two types of comparison charts:

1. Comparison chart for forging defect

2. Comparison chart for machining defect
A. Comparison chart for forging & Machining rejection

Fig. 7.1 Comparison chart for forging rejection
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Fig. 7.2 Comparison chart for machining rejection

From the above results, we can conclude that by implementing DMAIC approach in forging industry we can reduce rejections. Further we
can conclude that it can improve quality, reduce excess cost, reduce excess time and reduce waste material.
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