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Abstract - Original equipment manufacturers are moving towards achieving zero defect goal and improving the reliability of 
their products which encompasses the need for introducing problem-solving tools like “Shainin”. This paper is analyzing 
Shainin methodology for root cause analysis of back leaky single cylinder fuel injection pump manufactured in Production 
Facility at Bangalore. Shainin approach assumes the existence of a dominant cause of variation and follows a FACTUAL 
algorithm. The goal of this paper is to provide a critical overview of the Shainin System for quality improvement along with 
case study, developed over many years under the leadership of the late Dorian Shainin. This paper concludes the 
effectiveness of Shainin approach towards continuous improvement in quality. 
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I. INTRODUCTION 

 

The Shainin System (SS) is invented by Dorian 

Shainin which has wide application in aviation, space 

and manufacturing sector. Shainin follows the 

philosophy of “Don’t let the engineers do the 

guessing; let the parts do the talking”. 

As Shainin system is based on the presence of 
dominant sources of variation, it developed tools to 

identify the most dominant sources through a process 

of elimination called progressive search. These 

techniques/tools, also referred to as the System for 

quality improvement, developed over a period of over 

70 years, are simple, powerful and easier to 

understand and implement in an industrial 

environment. Classical and Taguchi experimental 

design are much popular but complex than the 

Shainin DOE approach as it considers the valuable 

data in solving complex problems. 
Red X is the most prevalent source of variation 

among the many possible sources of variation of a 

matter that accounts for almost all the unwanted 

effects including interactions. The system break 

downs variation causes into three X’s, first the Red 

X, the Pink X- the second most dominant cause, and 

the Pale Pink X - the third most dominant cause. 

According to Dorian, these three Xs together account 

for more than 80 percent of the variation permitted 

within the specification limit, and when captured, 

reduced and controlled, this variation can be 

eliminated. 
The Shainin techniques are known and rewarded 

mainly for improvements in eliminating challenges of 

acute quality. These are highly effective in 

converging and reaffirming the root cause. Statistical 

software is not needed, nor will it require the 

knowledge of fancy statistical tools. It involves 

simple operations in mathematics. 

The success and implementation of the projects can 

have a very positive impact on the employee’s morale 

in terms of convincing them that without complex 

statistics Shainin System can be implemented. The 

subject of the Shainin methods is therefore very vast; 

there is much scope for further research on this 

problem-solving methodology, especially 

comparative research on some of the Shainin methods 

such as Paired Comparison and B Vs C Analysis. 

This system is best suited for batch to high volume 
production. Hence this problem solving methodology 

is being adopted worldwide. 

 

Single Cylinder Fuel Injection pump which is 

manufactured at Bangalore facility has Internal 

Defect Cost of 2 MNR so the Shainin System was 

selected to eliminate the back leakage of the pump 

which will save 1 MNR and will increase the first 

pass yield. This paper explains Shainin approach for 

finding the dominant variation (RedX) and 

eliminating it. 
 

 
Figure 1:  Fuel Injection pump with leakage area 

 

Assembly process follows a sequence of events. Once 

the housing and other components are assembled, all 
the pumps are checked for fuel cut-off in the 

prestroke process, every pump undergoes strict 

calibration at various rpm, delivery values are 

checked and whether the required amount of fuel at 

certain rpm is being ejected or not. All the calibrated 

pumps are tested for leakage, wet leakage testing as 

shown in the figure 1. It is done to find out the 

leakage in pumps, bubbles starts coming out when the 
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pressure of 4.5 bars is applied for 20 sec which 

indicates leakage. Preventing leakage by 
identification of root cause is the problem statement 

of the project. 

 

II. ASSUMPTION OF THE SHAININ SYSTEM 

 

The basic concept can be summarized by following 

statements: 

 

 Variations are part of processes so 

discovering and minimizing variations are 

keys to success. 

 In the real world there is always reason 
behind events and there is always a Red X 

(the main root cause). 

 Discovering and minimizing the Red X® is 

the only way to eliminate root cause. 

 “Talking to the parts” by experimentation is 

the only way to find the Red X 

 

III. POPULAR SHAININ SYSTEM TOOLS 

 

1) Isoplot: Shainin System believes on correct 

measurement system for families of variation. An 
isoplot then can be used to analyze the measurement 

system. 

 

 
Figure 2: Isoplot for Trial 1 and Trial 2 

 

Each point indicates a unit measured twice on the 

same machine to track variation within the 

measurement system. It also accesses repeatability, 

differences due to operators, gauges, time. Outliers 

can then be removed. 

2) Progressive Search: The process of 
elimination in Shainin is called as progressive search 

where we attempt to find solution by asking series of 

yes or no question. 

To implement progressive search Shainin system uses 

families of variation by creating a groups of BOB and 

WOW and are then progressively checked for 

multiple events like time to time, machine to 

machine, line to line, shaft to shaft and so on until we 

discover the RedX. 

3) Multivari: With Multivari we capture the 

effect of time and position based families. It is an 
excellent tool for searching the variation within the 

components. 

 

 
Figure 3: Figure shows a multivari chart using the dia of a 

shafts as the final output 

 

The shaft diameters are marked at four Locations/ 

Positions (left and right sides at different two 
orientations) for three shafts manufactured 

consecutively each hour in a same day. We see there 

is small variation from, 1st shaft to shaft within an 

hour, 2nd some variation within shafts, and 

noticeable variation from time-to-time, pointing that 

the main cause must be an input that varies slowly 

with time i.e. which acts in the time-to-time family. 

 

4) Component Search: Here the goal is to 

compare families of variations by the individual 

components and subassemblies Here we select BOB 

(Best of Best) and WOW (Worst of Worst) families. 
Correct family selection is important to converge 

rapidly on to the RedX. 

 

Stage 0:  It involves repetitively checking the part 

with respect to time and shift and station, if there is 

no variation then we say Stage-0 is pass and we can 

proceed to stage 1. If it fails then we can say that we 

don’t have right part and again will take different 

parts and will do the same. 

 

Stage1: Collect the samples as BOB and WOW 
check the parts on measurement system for 

repeatability with minimum sample size of 3. 

Dismantle the samples and again do the assembly and 

check for the GreenY. If stage 1 fails means there is 

problem with assembly. 

 

Stage 2: If stage 1 is passed then dismantle the 

samples and swap the components inside the sample. 

Do this one by and step by step for all the part until 

the clear contrast like BOBWOW after swapping 

and again WOWBOB after re-swapping is 

observed. 
 

5) Better vs Current: It is a simple 

experimental plan used to compare two approaches or  

process conditions represented by the letters B and C. 

One use in Shainin System is test whether an 

identified cause is dominant when other clue 

generation tools have pointed to a single suspect. A 

second importance is to validate a solution when, for 

ex, the objective is to shift the process mean or 

minimize a defect rate. 
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IV. FACTUAL ALGORITHM 

 
The underlying principles of Shainin System are 

divided mainly in two groups. The first group follows 

from the idea that there are dominant sources of 

variation. The second group of principle follows the 

FACTUAL algorithm. 

FOCUS: First step in algorithm is focus which 

defines the metrics about how top level management 

sees the project. It considers the business 

performance gap and problem definition tree and 

converts the business problem into manageable 

project. It clearly states the problem statement 

typically at upper business level. Focus of project is 
to reduce the back leakage for minimizing the rework 

cost of the pumps and also improve the quality of 

pumps for customer requirement. 

Problem Area: The problem was found in PF pump 

end of assembly line and objective was to minimize 

the defect cost and improve the quality of pumps as 

per customer satisfaction. 

Project Statement: Find and eliminate the Red X to 

reduce rejections for leakage from spring area. The 

pump while undergoing the wet tightness test for 

leakage should not leak at 4.5 bar pressure and for 20 
sec. when pumps leaks it is rejected which adds to the 

internal defect cost of the pump. 

APPROACH:- 

It provides the GreenYdescription statement its 

attributes and variables which are used to measure the 

customer satisfaction. It defines how to measure and 

establish Green Y. Defines weather the problem is 

related to some Defect, Feature, Event, and Property. 

From malfunction strategy diagram 0.5% of the 

rejections were found in the wet tightness rejection, 

90% rejections were back leaky 

Property – Cause is called a property when the 
behavior has no pump to pump, time to time or shift 

to shift variation etc. with no variation we can say 

that it is the problem in the design and that’s why the 

behavior has no variation and has become the 

property of the pump. 

Feature - Cause is called a feature if in the inspection 

of parts we found that any feature has been wrongly 

manufactured and hence the behavior is same 

throughout the batch produced. 

Event - Cause is called an event if the behavior has a 

variation in time to time, shift to shift or operator to 
operator etc. Most of the causes fall under this 

category and that’s why we arrive most of the time 

with Technical Root Cause (TRC) and the 

Managerial Root Cause (MRC). 

Defect- Cause is called a defect if it is leading 

because of a defect like crack, very less cause’s falls 

under this category. 

In this project the problem is a malfunction event and 

the GreenY statement can be framed as “No bubbles 

found during wet tightness checking (checking time 

20 secs @ 4.5 bar pressure)”. Now the next step is to 

converge from RedX to GreenY for which we need to 

find the RedX first. 

 

 
Figure 4: Problem Definition Tree 

 

CONVERGE: 

Describe the Y      X process of converging including 

problem solving tool. Each step of the process 

describes planned arrival to the RedX. It highlights 

the present distribution of GreenY and required 

distribution. In this process the major spill is done 
weather the RedX lies in the measurement system or 

in the product/process. We follow the malfunction 

event strategy diagram to measure the variation. 

 Point to point for same event – for the same point 

pressure of 4.5 bar pump has been checked for 

several hours and no contrast has been found. 

 

 
Figure 5: Point to Point Variation 

 

 Event to Event for same type – here we varied 

the pressure to check if any contrast is present 
but no variation was found. 

 

 
Figure 6: Event to Event variation 

 

 Pump to Pump for same type – here when we 

checked for same pump type, we found some 

pumps leaky and some weren’t. So large contrast 

has been found which will help to get the correct 

BOB (Best of Best) and WOW (Worst of Worst) 
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Figure 7: Pump to Pump variation 

 

 Shift to Shift for same pump type – No variation 

was found which clears doubt about 

environmental or any human impact towards the 

cause. 

 

 
Figure 8: Shift to Shift variation 

 

 Time to Time for same type - There is a small 

contrast as the rejection varies between 2% to 

6%. 

 

 
Figure 9: Time to Time variation 

 

Stage 0 - BOB and WOW pumps were measure for 

multiple times and no variation. 

 

Stage 1 - Dis-assembling & assembling fuel injection 
pump followed by tightness check was carried out & 

found BOB to be BOB & WOW to be WOW. So 

Stage 1 passed 

 

Stage 2 - After Swapping element, full reversal was 

detected. Leaky pump became OK and Ok pump was 

leaking. Swapping back element, again full reversal 

was detected. Here the Redx was found in the 

Element which is a assembly of plunger and barrel. 

 
Figure 10: RedX Tracker- Paired Comparison 

 

Now we searched for the parameter of the element 

which is causing the leak which can be explain by the 

paired comparison. 

5 pair of fuel injection pump from BOB (Non leaky) 

and WOW (Leaky) pumps were taken for 

measurement and observed that shaft Clearance 

improves the Green Y response. 

Further, barrel taper and plunger taper are the 
dimensions contributing to shaft Clearance. In BOB 

and WOW pumps it was observed that barrel taper 

improved the Green Y response. Hence Barrel taper 

was the Red X. 

 

TEST: 

Conformation of the RedX is done in test phase and it 

also provides the logic behind determining the 

acceptable amount of experimental risk. Before we 

check the Risk of Safety Hazard, Risk to customer, 

Cost of Corrective Action it’s Time to find out 

whether we’re right and is the C/A (corrective action) 
reversible. 

 

After doing the componant search and finding the 

correct BOB and WOW we have checked them in 

standerds room for concentricity, hole positions, 

flatness, Surface roughness, chamfer angle for all 5 

pairs. We plotted the results and we found clear 

contrast in BOB and WOW. The highlighted row 

indicates the contrast so we confirmed the Red X 

with this 6 pack confirmation test. 

 
 

 
Table 1: Confirmation test : B v/s W 6 pack test 
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UNDERSTAND: 

This step involves the physics and geometry which 
describes the relationship between the GreenY and 

RedX. In this tolerance limits on the RedX is found 

out to control the GreenY. It uses the tolerance 

parallelogram to establish the tolerance of the single 

RedX. 

 

GreenY: No bubbles found during wet tightness 

checking (checking time 20 secs @ 4.5 bar pressure) 

RedX: Barrel taper of the Element. 

 

 
Figure 11: Tolerance Parallelogram 

 

Measurement procedure:  Element with different 

barrel taper values were assembled and checked for 

leakages, Tolerance parallelogram was constructed 

based on the same data. 

 

APPLY: 

Describes what actions have been taken to control or 

eliminate the RedX. It shows the effectiveness 

actions. 

Corrective action identified:  Barrel taper to be 

maintained between 0 to 1.5 μm. 

Effectiveness verified: To be verified after the 

implementation of actions 

Corrective actions: Training to the operator 

(Documentation, training, monitoring, audits) 

Project duration:  6 months 
Cost savings / Impact: 1 MINR / year 

 

LEVERAGE: 

States what action has to be taken to leverage the 

project results across other production lines and 

organization. Based on effectively communicating 

and implementing the project read across we 

calculate the additional cost saving or cost avoidance 

realized. 

Red X methodology lessons learned: In all the 

elements it is very important to maintain barrel taper 
within specification limit. 

Read across actions and where they are applied: 

Elements department has been informed and 

discipline is being maintained in order to measure 

100% of elements for barrel taper. 

 

V. CONCLUSION 

 

Shainin System offers major quality improvements on 

production lines and individual components of a 

product.  Risk of implementation was at 5% with 

reduction in Internal Defect Cost (IDC) up to 1 MNR. 
RedX was barrel taper in the element which was 

adjusted from 0 to 1.5 microns. Results were 

validated on the batch of pump in the test phase. This 

implementation increased the first pass yield of this 

pump to 95% reducing the cost of rework and saving 

many recalibration cycles. Successful implementation 

drove organization to achieve its goal of zero defects 

by 2022 and encouraged management for training of 

employees and reporting the lessons learnt across 

Organization. 
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