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The paper will present Engro’s cumulative experience with its ammonia-urea plant and 
would help other plant operators to understand and resolve issues related to old machines. 
Problems, incidents and key lessons learnt over a period of half a century in operating and 
maintaining Turbo Machines would be a key feature of this article. The best practices that 
have been developed over time and the dynamics of safely operating machines with chronic 
issues will also be shared along with different maintenance regimes best suited for different 
machines. 
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ENGRO’S JOURNEY OF 50 YEARS 
Engro Fertilizers Limited, a wholly owned Engro Corporation subsidiary, is a premier fertilizer 
manufacturing industry being the second largest urea manufacturer company in Pakistan. Engro Fertilizer 
was incorporated in 1965 and is a former subsidiary of Exxon Mobil Chemical Company. The 
manufacturing site is located at Daharki and is capable of producing annually 2.3 million tons of urea. 
Engro not only offers nitrogenous, phosphoric, and blended fertilizers but micro nutrients as well, such as 
zinc sulphate. The company, through its joint venture interests/subsidiaries, also engages in chemical 
terminal and storage and PVC resin manufacturing. In addition, Engro manufactures, processes, and sells 
dairy food products, as well as engages in the power generation business. 

Engro has come a long way from the point it started from, started as a marketing and manufacturing 
company, on its way of becoming the biggest conglomerates in Pakistan. 

When the discovery of Mari gas field was done by Esso Mobil joint venture in 1957 from the company was 
established as Esso Pakistan Fertilizer Co., Ltd. for the manufacture of fertilizers in the market in 1965. 
Three years later, in 1968, commissioning of the urea plant was done. It was the largest foreign investment 
in the private sector in the history of Pakistan. After another ten years, in 1978 it changed its name Esso to 
Exxon Chemical Pakistan Limited. 

Exxon worked until 1991, and that when it decided to dissolve its equity of the fertilizer business at the 
global level; and named the company as Engro Chemical Pakistan Limited (ECPL) through employee led 
buyout. As soon as ECPL came in the driver's seat, commissioning of Pakven 600 was started, which was 
completed in 1993. Thus, it increases production capacity from 268,000 tons to 600,000 tons per year. 

Engro rose to new heights in the field of fertilizers with its decision to start expansion project Enven 1.3mt 
in 2007. This was the largest industrial investment of $ 0.1 Bn. In 2010, Engro Chemical Pakistan 
demerged into Engro Corp., also, Engro completed construction of the largest single train urea and 
ammonia plant in the world, with a total capacity of 2.3 million tons. 

Fig. 1: Engro Fertilizers Organization Structure 
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ENGRO TURBO TRAIN MANAGEMENT SYSTEM 
Engro Fertilizers strongly focuses on improving service factor. Service factor in other words is the 
availability of the plant. It has the direct link with the Operation and Maintenance Philosophy. Service factor 
in simple terms can be represented as a ratio of actual plant operation vs planned number of operational 
days in a year. 

Turbo Trains being critical to plant operation remains an area of high focus for determining both the 
strategies 

As discussed Service Factor remains the main driving force for devising strategies, planning Turnarounds 
and keeping machines reliable for as long as possible. 

The main factors that play crucial role in ensuring that over the year with changes in technology and up 
gradation of systems the Service Factor is achieved are 

1. Skill Enhancement 

2. Operational Philosophy 

3. Maintenance Philosophy 

4. Reliability Program 

5. Spares Management 

6. Uprating Machines 

As described earlier Engro transitioned from Exxon and is currently maintaining 03 plants that are of totally 
different vintages and kind. 

Starting from Exxon the plant mainly comprised of Reciprocating Compressors, Gas Turbines and Pumps 
of 1960’s era technology. The plant is old but has been maintained is such a way that to date it is not only 
in operation but works at almost the same efficiency as in the earlier days. 

The machines are even more reliable and are kept in operation for even longer period of time. This 
required a diversification in the operation and maintenance philosophy. Transitioning from old 
Reciprocating technology, Engro relocated a plant of 1960s vintage but this one had Centrifugal Machines.  

These machines were not only old but were redundant. Not only were the machines relocated but were 
refurbished so that they could be brought back into service, some were uprated to meet the requirements. 
These were successfully commissioned and are still working reliably. These machines were then further 
upgraded as per the requirement that arose as the result of expansion. 

Fig. 2: Service Factor 
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The new plant called EnVen is state of the art plant designed by Snam Progetti. This plant contains the 
latest technology in the market. Most of the machines are centrifugal including Compressors and Pumps. 
Steam Turbines are of modern design and are much more efficient. 

Operating a site that has 3 completely different origins of plants is not an easy task and hence the 
challenge has been exciting and learning opportunity offered has been self-fulfilling. 

SKILL ENHANCEMENT 
As we have already established that the skill of operating a site with very different technology is a unique 
set of ability mastered by Engro. As Engro swell from a single 600 KT plant to 2.3 MT plant, people had to 
be trained to manage the plant effectively. Hence came in the system of skill enhancement. 

A program called the Job Qualification Program and Training Need Analysis was developed as a result 
to enhance the people knowledge. People are generally trained and tested in 02 different manners. 
Knowledge based and Experience based. 

1. Experience-TNA Assessment 

2. Knowledge-JQP Program 

TNA ASSESSMENT 
TNA Assessment is basically evaluation of an individual on a skill set that is generally applicable to all the 
machines but specifically to a machine on a certain plant. A person possessing a good knowledge of 
Centrifugal machine is not considered expert on a specific machine unless he has worked on it.  

It is very crucial that the experience on a technology is given preference. This not only helps organization 
identifying training needs for its employees but also assessing the capabilities of the work force. 

Data base of every individual is maintained and his training needs are addressed, he is rotated from one 
plant having different technology to another so that the individual gets the experience on all different 
technologies and is available and ready when the time comes. He is only given lead on a critical machine if 
he has already worked on it before or has quite a lot of experience on a very similar machine. 

JOB QUALIFICATION PROGRAM 
Job Qualification Program is a process and means to evaluate the details of the technical knowledge. This 
is a step wise process where in tests are taken on an online system. These tests are designed according 
to the levels of understanding and become more complicated as you go higher. This program test the 
knowledge of a skilled person on a certain machine, equipment and the overall knowledge of best 
operating and maintenance practices. 

The exam after the written test is a panel interview. The panel comprises of the experienced and 
knowledgeable individuals. Clearing interview requires in depth knowledge and good communication skills. 
Individuals that have worked over a similar machine and possess good theoretical knowledge stand a 
chance of clearing it.  

This is a very thorough program and is linked with the incentive and growth of an individual in a company. 
This not only excites individual to take tests but also provides them with necessary level of understanding 
which help them in practical situation. 

OPERATING TURBO MACHINES 
Operating Turbo train is the responsibility of the Production department, and support from all interfaces like 
Process Engineering, Engineering Mechanical and Maintenance is provided. Operating Turbo machine 
includes the monitoring of the parameters which includes vibrations, temperature, suction and discharge 
pressures etc. 

There are basically 02 types of monitoring that are done on the Turbo Machine while the machine is kept in 
operation. 

1. Routine/Daily Monitoring 

2. Monthly and Quarterly Monitoring 
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ROUTINE MONITORING 
Routine Monitoring is mainly comprised of monitoring general parameters of turbo machines on the DCS 
and in field. In field, the operator observes the physical condition of the machine and checks the current 
state against the normal acceptable state. Operator also logs the critical parameters being displayed in 
field. The frequency of logging data is every 02 hours. 

It remains the responsibility of the field operator to report any abnormality in parameters and physical 
state. In case of abnormality he reports the person monitoring parameters on board who then evaluates 
and compare the data on DCS with field. In case the abnormality is confirmed the Supervisor contacts the 
maintenance person. 

The person who is monitoring the parameters on DCS Panel is responsible to log critical parameters of the 
machine every 2 hours and detailed parameters of machine once a day. This includes the pressure, 
temperature, vibrations etc. He also reports any Alarm or abnormality and during Shift Handover describes 
in details the issues encountered and corrective action taken. 

Alarms are reported and necessary immediate actions are taken to resolve the issue. Production 
Department also conducts various weekly audits on Turbo Train such as insulation, leakage and flow 
measurement audits 

MONTHLY/ QUARTERLY MONITORING 
Routine monitoring is an effective way to ensure that the condition in which the machine is operating is 
under the acceptable limits. There is however need to critically analyze the condition (vibration Analysis) 
and efficiency of the machine. 

EFFICIENCY EVALUATION  
The efficiency has a direct impact on the finances hence it remains a critical items for evaluation and 
monitoring. The decrease in efficiency is not an instantaneous defect and takes time to occur. Therefore it 
can be measured over a longer period. 

The detailed evaluation is therefore done on quarterly basis, where every parameter of the Turbo Machine 
is critically monitored and its trend over the period of time is established. 

This activity remains important as in routine monitoring the parameters are judged according to the 
acceptable limits. This judgment cannot be thorough enough to ensure that every parameter is working at 
its peak efficiency. Gradual degradation can often go unnoticed in routine until the evaluation over a longer 
period is established. 

Process engineering department is responsible to carry out the detailed evaluation. Process department 
go through almost every critical parameter to establish the current condition of the machine. It is a very 
thorough exercise in which the trends are established for all critical parameters and on their basis the 
recommendations are generated. 

These recommendations are then forwarded to the necessary departments to take the necessary action 
required. 

Below you can find an analysis on one of the Turbo Train done by the process Engineering Department. It 
is the Plant Air Compressor Train (KGT-2501) including a Gas Turbine and 02 Centrifugal Multi Stage 
compressors. 

KGT-2501 GAS TURBINE EXAMPLE 
Detailed analysis of the charts will show that the thermal efficiency of the gas turbine is slightly on lower 
side which leads to the higher heat rate. Probable causes of reduced efficiency are high ambient, fouling of 
the turbine blades, deformation in blade profile and fuel nozzles choking. 

Below graph shows that gas turbine exhaust temperature rises with rise in axial air compressor discharge 
temperature and the increase in axial air compressor discharge temperature is owing to air starvation (as a 
result of suction filters choking).  
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Fig. 3: KGT-2501 performance parameters 

RECOMMENDATIONS: 
 Thermal efficiency of the gas turbine (KGT-2501) is slightly on lower side which leads to the higher 

heat rate. It is recommended to keep suction chiller (E-2542) in service during the summer 

season. Gas turbine and axial air compressor internals to be inspected and overhauled in 

upcoming outage.  

 Increase in KGT-2501 exhaust temperatures suggest cleaning frequency of combustion air filters 

to be revised to once per week or at 1.5” WC dP.  

K-2501 AIR COMPRESSOR PERFORMANCE EVALUATION 
Compressor 2nd and 4th stage efficiency is low and subsequently consuming more power. These stages 
should be overhauled in FAO. 

 

Fig. 4: K-2501 efficiency comparison 
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Fig. 5: K-2501 power requirements 

Table-1: KGT/K-2501 performance evaluation 

 

RECOMMENDATIONS: 
 Air compressor 2nd and 4th stage efficiency is low and subsequently consuming more power. 

These stages need to be overhauled in FAO.  

CONDITION MONITORING 
In parallel to the efficiency evaluation, the condition monitoring is also done. Data of vibration and 
temperature are logged thrice a day and any major change is reported. Besides daily monitoring, a 
quarterly report based on the vibration data is issued by the Engineering Department. Any onset of failure 
can then be checked on this basis of this evaluation. 

This report is circulated among all the relevant interfaces for necessary actions.  

A sample study on the Turbo Train of the New Plant can be seen below; these are the Turbo Trains at 
Engro’s new plant commissioned in 2010. 

TURBO TRAIN CONDITION MONITORING REPORT 

Analysis 
Reliability study of Plant-II (EnVen) turbo trains concludes that all these machines are generally operating 
with in API defined acceptable limits. However some issues that had not been previously captured arose 
during Advanced Machinery Diagnostics. All relevant issues that could be detrimental to continued reliable 
operation are summarized below:  
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1. Air compressor turbine, TK-421 is running with low efficiency which is a load limiting factor for 
Ammonia-III.  

2. During data analysis of K-421 LP case, O/B bearing asymmetrical stiffness was observed. 
Bearings inspection is recommended in upcoming outage. 

3. Leakage from air compressor HP case seals is another issue that needs to be addressed to 
ensure long term machine reliability. 

4. Syn compressor train is operating without any problems. However, minor scratches on shaft probe 
target area can be observed in different plots. In addition to that probe mounting issues leading to 
resonance in the system can be seen in turbine LP side and HP case O/B bearings. 

5. In Refrig machine, K-441, seal hang-up issue was observed during start-up in Oct’15. This issue 
got resolved once the machine was put on slow roll. Since then, this machine is operating without 
any problems. However, seals inspection/replacement is recommended in upcoming plant outage. 

6. CO2 machine is operating without any problems since compressor HP case overhaul in Oct’15. 
However, vibration data analysis indicates minor scratches on probe target area of HP and LP 
case rotors. 

ADRE DIAGNOSTICS REPORT 

Foreword 
The data analysis that follows is based on the most recent start-up and steady state data collected for the 
machine after FO-Oct’15. Observations 431 

Table 2: Recent start-up and steady state data collected for the machine after FO-

Oct’15 

Radial Probes 

Machine/ 

Equipment 

Probe Tag/ 
Description 

Diagnosis Recommendation Criticality Link 

Steam 
Turbine 
TK-431 

LP Side Bearing 
11-VE-4303X/Y 

Ramp up of machine shows drastic 
phase angle change, below the 
critical speed with 1X amplitude and 
Phase angle dropping to zero. This 
indicates resonance in the system. As 
this impact is not visible on all 
bearings, possible probe mounting 
issue is suspected.  

Probe mounting to 
be checked for VE-
4303X in next 
available 
opportunity 

Mild 

Polar, 
Trend 
Sampl
e 

HP Side Bearing 
11-VE-4304X/Y 

All plots for this bearing show normal 
behavior.  

No action required -- 
 

LP Case  
K-431  

DE Bearing 
11-VE-4301X/Y 

Polar plot shows restricted 
progression in rotor mode shape, 
indicating presence of asymmetric 
stiffness in the bearing. Severity 
however along with vibration 
amplitude is minimal.  

No action required -- 
 

NDE Bearing 
11-VE-4302X/Y 

Shaft Centerline Plots show equal 
rise in both bearings, indicating equal 
Load distribution on both bearings. 

No action required -- 
 

HP Case 
K-431 

DE Bearing 
11-VE-4305X/Y 

All plots for this bearing show normal 
behavior.  

No action required -- 
 

NDE Bearing 
11-VE-4306X/Y 

During Steady State operation, 
significant Phase angle spikes are 
observed with 1X amplitude dropping 
to zero, possible probe fault is 
suspected.  

Probe mounting to 
be checked for VE-
4306X in next 
available 
opportunity 

Mild 
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MAINTAINING TURBO MACHINES 

Engro Fertilizer’s Maintenance Department 
Maintenance Department at Engro fertilizers is a very dynamic department. The maintenance department 
is a group consisting of experience and young professionals working together to maintain one of the 
largest single train Ammonia- Urea Complexes in the country. 

Mechanical Maintenance Department is responsible for carrying out Preventive and Corrective 
Maintenance on the Static and Rotary Equipments. The Maintenance Department at Engro is experienced 
and has well developed system and processes. 
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Maintenance Philosophy 
The fundamental Maintenance Philosophy implies not to take equipment out of service for maintenance 
unless it is absolutely essential for safety/ protection of the equipment. It focuses to move from Corrective 
Maintenance to Preventive Maintenance to Condition Based Maintenance (thru surveillance). 

Maintenance Philosophy Evolution 
The maintenance philosophy has greatly evolved over time. In order to ensure maximum availability of 
machine and unnecessary shutdown the philosophy evolved into Preventive Maintenance. This Preventive 
Maintenance regime continued for a very long time and an annual shutdown was made compulsory. The 
problematic machines and the machines with history of unpredicted failure were inspected annually. 

The machines were repaired on scheduled intervals. As the business model evolved over time the 
philosophy changed further to predictive maintenance. This was supported by technology evolution and 
birth of online monitoring of critical parameter. 

A more stringent regime of condition monitoring was necessary and was hence established. Data 
collection and logging was religiously followed and assessment was done on its basis. The data collected 
was then used to predict the failure stages.  

The evolution was not smooth and was not expected. The limits and controls were now more cautiously 
observed and any changes to normal condition were reported. The issue that restricted the smooth 
transition was the lack of acceptable limits for a machine. 

Considering that the 02 Gear Boxes of same rating same acceptable limits for vibration levels were 
employed. The gear boxes on one Gas Turbine operates with a normal limits of 3 mm/s seismic vibration 
while the other gearbox on the same model machine initiate bearing damage at this vibration. 

Currently the model is running smoothly and most of the machine that were shutdown leaving the plant 
vulnerable has now been operated with extended running hours  

Though for certain machine still the preventive maintenance remained the most effective strategy.  

Having discussed the details of the philosophy the Predictive and Preventive Maintenance both regimes is 
followed. This depends on how well the system is working. Predictive Maintenance is always preferred 
while in few cases, where the failure is abrupt and uncertain, Preventive Maintenance proves to be handy. 

Below you can find the details of the Inspection Intervals of machines that are installed at the Engro’s New 
EnVen Plant. These are the Inspection intervals that have been advised by the OEM. As discussed earlier 
Engro follows Predictive Maintenance regime where the Machines availability is extended using the close 
monitoring of the critical parameters such as vibrations, oil condition, temperature and other parameters. 

The plant has been in operation for 5 years now and in the column of Inspection done you can find the 
details of the inspection interval which basically indicated the 1st time machine is inspected since 
commissioning. 
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OEM Recommended Inspection Intervals Inspection 
Done 

(Actual) 
Description 

Inspect after every  

6 
Months 1 year 

2 
years 

3 
years 

4 
years 

5 
years 6 years 

 

GENP Compressors  

Bearings Inspection               3 Years 

Seals Inspection(DGS)               Not Yet Done 

Complete Overhaul               4 Years 

   

GENP Steam Turbines  

Bearings Inspection               Not Yet Done 

Seals Inspection               Not Yet Done 

Complete Overhaul               Not Yet Done 

                 

Gearbox(BHS GETRIEBE) for CO2 Machine  

Complete Inspection               4 Years 

                 

MAN Turbo Compressors  

Bearings Inspection               Not Yet Done 

Seals Inspection               Not Yet Done 

Complete Overhaul               Not Yet Done 

                 

MAN Turbo Steam Turbines  

Bearings Inspection               Not Yet Done 

Seals Inspection               Not Yet Done 

Complete Overhaul               Not Yet Done 

                 

Gearbox(BHS GETRIEBE) for Air Machine  

Complete Inspection               Not Yet Done 

                 

 

Let’s take an example of Gas Turbine Gas Turbine has the following inspection intervals  

1. Combustion Inspection- 8000 Fired Hours 

2. Hot Gas Path Inspection – 16000 Fired Hours 

3. Major Inspection – 32000 Fired Hours 

Now this is what vendor recommends that it should be followed but Engro uses its decades of experience 
and history to maintain the machines. Consider a case of a Power Gas Turbine GT-603.  

GT-603 spreads started to increase when load on the machine was increased. Machine was in operation 
since 2012 and had not been inspected since. As the load on the machine was increased it was observe 
that the Spread was increasing it was 53 C against Allowable spread of 48 C; now it was evident that 
something was wrong with the system. 

Using the experience and history of the machine the issue was shortlisted to be in the combustion section 
and hence the CI was carried out after 4 years when as per OEM inspection plan it was to be carried out in 
1 year.  

An activity of 36 hours was conducted and the machine was started, the spread was reduced to 8 C. This 
ensured an effective Predictive Maintenance plan. Whereas availability of the machine was ensured 
throughout the year and minimal shutdown with no impact on service factor was attained. 

Another example is of a 1960s vintage 4 Stage reciprocating compressor, driven by a steam Turbine 
through a gear box. This compressor has more than 50 Starts in a year and yet proves to be more reliable 
than ever. It has been maintained by Engro through an effective condition monitoring. Suction and 
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Discharge Valve temperatures along with Stage vibrations are measured on weekly basis and are 
reviewed for changes. Operator looks out for any abnormality in sound or other parameters. The efficiency 
is monitored by Process Engineering Department determining the machine condition. So with efforts of all 
interfaces the machine runs smoothly throughout the year. This machine has been uprated along with the 
Steam Turbine and the Gear Box. An example of effective Condition Monitoring regime can be inferred 
from the table below. 

This is a HP casing of the Synthesis Compressor at Ammonia-2 Plant that was relocated in 1990s. This 
train consist of 3 compressor casing and is driven by a steam Turbine. It has been maintained through the 
philosophy of Predictive maintenance. 

K-2502A LP Case 

 
Last 

Replaced 
Last 

Inspected 
Current 
Health 

Remarks Plans 

Radial Bearing 
Suction end 

Mar-05  -  

 

Currently No issue Continue monitoring 

Radial Bearing 
Discharge end 

Apr-04 Mar-05 
 

Currently No issue Continue monitoring 

Thrust Bearing 
(Suction end) 

Apr-04 Mar-05 

 

Thrust disc replaced in 
Mar' 08. Currently no 
issue 

Continue monitoring 

Seal, Suction end 
(North) 

Mar-05  -  
 

Seal oil trend shows no 
issue. Performing up to 
the mark 

Continue monitoring 
seal oil survey results 

Seal, Discharge 
end (South) 

Mar-05  -  
 

Seal oil trend shows no 
issue. Performing up to 
the mark 

Continue monitoring 
seal oil survey results 

Rotor Jun-00  -  
 

Currently no identified 
issues in terms of 
vibration or process. 

Overhaul 
Recommended in 
2017 to increase 
confidence on its 
reliability 

Vibration Probes     

 

Currently No issue 
Key phaser to be 
inspected in next TA 

Engro is now moving forward to develop a proactive approach where the issues are troubleshooted and addressed at a very 
young stage. There is a realisation that the amount of work that is to be done to repair a machine can be limited using the 
proactive or reliability focused approach and the man hours can be spent on other major tasks. 

Corrective Maintenance regime is not encouraged but yet is the most viable option for some machines. Consider a machine 
located at remote location delivering less critical service and having standby. It becomes very difficult to follow a strong 
predictive or even at time preventive maintenance regime. Pumps that are completely submerged in water pose difficulty in 
condition monitoring; hence a calculated decision is taken to run them till failure. Failure of such pumps cost much less than the 
time and man-hours they require for the predictive or preventive maintenance. 

General division of the guidelines of the Preventive vs Predictive Maintenance on Turbo Train is as follow: 

Predictive Maintenance 
1. Turbo Trains Overhauls(Compressor and Steam Turbine) 

2. Auxiliaries Maintenance (LO Pumps etc.) 

3. LO replacement of Console 

Preventive Maintenance 
1. Instrumentation Calibration 

2. Control Valves servicing 

3. LO/ Gas Filters 

4. Lubrication of Auxiliaries Equipment 
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TURBO MACHINES ISSUES AND TROUBLESHOOTING 
There have been many overhauls and troubleshooting that have been carried out by Engro internally. Just 
a couple of them have been mentioned here for the reference 

Syn Compressor (K-2502) 
Engro Fertilizers has a synthesis compressor on its ammonia plant. The train includes 03 compressor 
casings (LP-IP-HP) and is driven by a steam turbine. One of its compressor casings, IP casing has a 
chronic issue of unbalance. As the RPM of the compressor increases the vibration increases with I and 
therefore it limits the rotating speed thus limiting the load of the plant. As a result whenever the plant shuts 
down, field balancing needs to be done. 

Detailed investigation was done on the casing and it was uncertain why the unbalance remains an issue in 
every startup. The detailed analysis of Polar plot and Orbit suggested that the plane keeps on changing. It 
was then associated with an uneven removal or deposition of mass on the rotor. 

In 2014, a shutdown was taken to take the corrective actions. During the overhaul it was found that a thick 
blackish film got deposited on the rotor and hence the uneven deposition of the film was causing the 
unbalance.  

The machine was overhauled and the rotor was replaced with the spare rotor. The machine was started 
and the balancing attempt was not taken. 

Gas Turbine Startup Clutch issue 
A frame 5 Gas Turbine which had a Steam Turbine as a starting means had a frequent issue of 
declutching during the startup. This issue persisted for long and during every startup manual intervention 
was needed. An investigation was done in this matter and it was observed that the distance between the 
jaws was not appropriate. Hence it was adjusted and the matter was resolved. 

Fig. 6: Synthesis Compressor 
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New Dry 
Coupling 

Gas Turbine Accessory coupling issue 
One of the Frame 5 Gas Turbine, GT-603, a 13.8 MW 5000 RPM and single shaft machine had a chronic 
issue with its Accessory coupling. It was an old redundant machine and was relocated from Texas to 
Pakistan after refurbishment. It had a gear type coupling that was lubricated by grease. This grease 
lubricated coupling suffered 03 major failures in 20 years and caused multiple failure of accessory Gear 
Box. 

The coupling had to be greased on a scheduled interval but since it could not be established how much the 
grease it contains it was very difficult to estimate the amount of greasing required. The coupling would fail 
due to lack of greasing or would fail because of over greasing. The coupling would cause very high 
vibration in the auxiliary gear box which damages the bearings within days. 

The Machine was critical to plant operation especially in summers when the power margin between 
requirement and production is very less. The vulnerability had to be addressed and hence it was planned 
to replace the grease lubricated coupling with Dry Shim pack coupling. 

 
 
 

 
 

 

 

 

MAINTENANCE 

Management Systems 
Maintenance Department using the knowledge and experience gathered from years has helped developing 
a very thorough Manual for Maintenance. It provides guidance inform of administrative procedure for 
effectively managing the plant in general and machines in particular. The main procedures that covers 
majority of the guidelines are: 

1. Budgeting and Planning  

2. Spares Management 

3. Reliability Program 

4. Computerized Maintenance Management System 

Budgeting and Planning 
The budgeting is mainly divided into 02 main categories, Investment Plan and Expense Budget. 

Investment Budget 
Expenditures to procure an additional or replacement asset or which add to the value of an asset are 
capitalized and depreciated. Those which maintain the value of an existing asset are expensed during the 
current account period.  

Expense Budget 
Budget primarily consists of a planning & control phase. Therefore, the most significant criteria for 
controlling cost is to make a perfect or near perfect budget. This is achieved by in-depth and systematic 
planning by the respective areas. Preparation of the expense budget is the planning phase, and 
stewardships/expense monitoring is the control phase. 

After drying up the coupling becomes very stiff and is locked due to 

which its flexibility is lost. 

Fig. 7: Gas Turbine Accessory coupling issue 
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Budget Planning 
Budget for the next year are normally planned in September and any Major overhaul of a machine is 
covered in the planning basis. The planning basis is established prior to the budgeting cycle. The Major 
criteria for its selection: 

1. Machine Current Condition 
2. Estimated life before repair 
3. Requirement of Shutdown 

Let’s take the example of Year-2016, in 2016 06 Turbo machines (Synthesis Compressor, Air Compressor 
and Refrigeration Compressor Trains) are planned to be overhauled.  

The ordering of these Turbo Train spares and cost of involving contractor and FSR services are already 
part of the budgeting cycle. The cost has been budgeted for Year 2016 and the procurement of critical 
spares required for Major overhaul has already been done. The ordering philosophy is mentioned in the 
latter part of the document. 

The Investment and Expense budget are both affected by the Planning basis. The expense budget covers 
the complete scope of the machine overhaul while in Investment Budget Spares that are only used for a 
Major Overhaul and are an expensive item such as Compressor Rotor or Gas Turbine Buckets and 
Nozzles are budgeted. These spares are not normally kept in stock but are ordered as per the machine 
health and planned outages. 

Spares Procurement and Management 
All spare parts should be available, which can be required any time to return any machine or equipment 
back into reliable operation with minimum downtime. 

Spared Management 
Following are the processes of Spare Parts Management: 

1. Spares introduction 

2. Inventory Requirement  

3. Spares ordering 

4. Spares Inspection 

5. Critical Parts Inventory 

Spare Introduction 
Generally introduction of spares in Warehouse stock is either done at the time of new equipment 
installation or after a Critical Parts Inventory exercise. Note that, not all parts of any equipment are 
introduced as spares in Warehouse stock. Decision is made by the relevant Maintenance section about 
which spares of specific equipment are to be kept in Warehouse. 

This decision is based on factors like, recommendation of equipment manufacturer, general experience 
with similar equipment, etc. 

Consider a Gas Turbine or a Turbo Compressor, not all parts are kept in stock. Like for a Gas Turbine 

Gaskets, Liners, cross fire tube and other routine maintenance spares are always kept in stock but when it 
comes to Buckets and Nozzles. 

Inventory Requirement 
End user/introducer mentions the inventory requirement of each spare part, at the time of introducing it into 
the Warehouse stock. Inventory requirement means that for a specific spare what is the expected yearly 
usage, what is the required minimum inventory, etc. 

Ordering of Spare Parts 
Ordering of spare parts is done by Warehouse after looking at the Type of spare part and the inventory 
requirement of spare part. Factors like lead time, yearly usage, reorder point, etc. also influence ordering 
of spare parts. 
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Spares Inspection 
When each spare is received either new or returned from area in Warehouse, it is inspected by specific 
personnel before it can be taken into stock.  

Critical Part Inventory (CPI) 
Critical Parts Inventory exercise needs to be done at regular intervals. It consists of the following steps: 

1. Identification of equipment that is necessary for continued operation of the plant. 

2. Identification of spares that is necessary for reliable operation of the above listed equipment. 

3. Comparison of spares for each equipment with those listed in Warehouse Stock. 

4. Introduction in Warehouse stock for those spares that are identified necessary in step-2 and found 

not listed in warehouse stock in step 3. 

5. Inventory check of those spares that are already listed in Warehouse. Inventory check is done 

both from SAP as well as physically. 

RELIABILITY PROGRAM 

Reliability Definitions 
Reliability is the probability that a component, system, or processes will perform its prescribed duty, 
without failure, for a given length of time, when operated correctly, under specified environment. 

 Reliability Engineering Tools 
Reliability issues are quantified by measuring the failures. Short list of such common reliability tools used 
for predicting failures and finding cost effective alternatives are given below.  

1. Start reliability programs with arithmetic and simple spreadsheets. 

2. Understand how to use failure data and make the data talk. 

3. Understand good work practices and see how these practices improve equipment life. 

4. Improve teamwork between maintenance and operations to reduce failures. 

5. Solve the root causes of failures by use of a formal program and build on a work process 

continuously, effectively, and systemically to eliminate failures to reduce the cost of unreliability. 

6. Use simple qualitative tools of failure mode and effects analysis (FMEA) and fault tree analysis 

(FTA) and as major problems are eliminated, move the techniques to quantitative methods. 

7. Educate and train, when required, maintenance, engineering, and production in the fundamentals 

of mechanical failures, electronic failures, people failures, and software failures with the goal of 

controlling and eliminating failures. 

Root Cause Analysis 
Root Cause Analysis is a reliability technique used to identify the causal factors for component, equipment, 
or system failures. The elimination of system and equipment failures with the use of RCA technique can 
have an accumulative and immediate positive impact on the bottom line of an organization in terms of 
increased productivity, improved quality, reduced costs, and the elimination of accidents and 
environmental releases.. 

Reliability Incident Reporting 
Reliability Incident Reporting system has been developed to have a system in place, that captures 
reliability related. 

In general, incidents in the following category will trigger the system: 

 Failures related to “Safety Critical” equipment. 

 Production loss or having a potential of production loss. 

 High maintenance cost due to repeated failures 

 Repeated failures/ frequent failures 
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 MTBF / Availability factor on a decreasing trend. 

EXAMPLES 
 Failures on specified “Safety Critical” equipment. 

 Motor burn outs, Mechanical failures of pumps/shafts, resulting in a reduction in MTBF. 

 Compressor valve failures, resulting in a reduction in MTBF. 

Qualitative Threshold Protocol 
Qualitative Threshold protocol dictates clearly, what qualifies as worthy of being reported as “Reliability 
Incident”. It further specifies various levels of reliability incidents, depending on the severity as portrayed in 
consequence & frequency matrix  

a.  Consequence 
A consequence category is determined by the definition; 

C1  Low Hazard Operation   

C2  High Hazard Process or no load reduction 

C3  BC or at least 10% load reduction 

C4  SC or at least 50% load reduction  

b.  Frequency 
A frequency category is determined by the definitions; 

F1  Once in less than 4 years  

F2  Once in less than years 

F3  Once in less than 2 years 

F4  Once in less than 1 year 

c.  Threshold Evaluation 
Consequence category and Frequency evaluate the threshold of reliability incident based on following 
matrix:  

F4 II II I I 

F3 III II I I 

F2 III III II I 

F1 IV III II I 

 
C1 C2 C3 C4 

  d. Interpretation    
Interpretation of consequence, frequency matrix given above, yields a certain score (I, II, III or IV) which 
defines the category of reliability incidents as follows: 

 RIR Level - I 

 RIR Level - 2 

 RIR Level - 3 

 RIR Level - 4 

  

RIR Level - I 

RIR Level – I incident requires a comprehensive RCA. Concerned department manager is responsible for 
appointing a team. Approval shall be obtained by concerned department manager. 
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RIR Level - II 

RIR Level – II incident does not require a comprehensive RCA, however, department manager may 
involve other interfaces (MTS Machinery, inspection, process or operations) to investigate the incident. 
Detail investigation shall be done and report shall be approved by department manager. 

RIR Level - III 

RIR Level – III incident does not require a comprehensive RCA or any team for investigation. Concerned 
area unit manager is responsible for carrying out the investigation. 

RIR Level - IV 

RIR Level – IV incident may be handled by Area Maintenance Engineer or supervisors. Appropriate 
actions (corrective maintenance) taken by the maintenance staff are enough and failure reporting does the 
needful. 

Incident Reporting 

 

Stewarding 
Planning Section will steward and highlight the RIR performance using the RIR MIS or maintain its hard 
copy and inform the Maintenance Manager of the outstanding reports & recommendations for Maintenance 
Department on a regular basis.  

 Closure of RIR’s:  
Reliability incident reports are closed once all the recommendations against the incidents are closed. 
These recommendations are closed by the concerned Personnel and reviewed by the Group Leader. A 
detailed report can be requested from the team if needed.  

CMMS (Computerized Maintenance Management System) 
Engro Fertilizers used to have Maximo® as CMMS software till 2012; it later migrated to SAP for more 
interactive features and options. SAP migration was not easy but the project team was able to transfer all 
the data from Maximo to SAP effectively without loss. 

In SAP Plant Maintenance, following two objects play the key role in maintenance work management; 

 Notification 

 Work Order 

After receiving a Notification from a unit, the Area Maintenance Supervisor creates a work order in SAP 
Plant Maintenance, which starts the maintenance management process. Maintenance orders can be 
created for pieces of equipment and functional locations. 

CMMS system is not only there for the intimation of work but has a very broader objective. It intends to 
support the overall work management by not only intimating a work requirement but also creating a data 



Engro’s 50 years’ experience in operating, maintaining and uprating Turbo Machines 

Nitrogen + Syngas 2016 International Conference (Berlin, 29 February – 3 March 2016) 143 

base for the details of the work scope carried out , hence it functions to maintain the history of the work 
done and necessary resources (manpower ,material, man-hours) etc. involved. 

This help in better planning for a recurring job and a data bank for consideration of changes in predictive or 
preventive maintenance regimes. 

Plant Maintenance operates the overall maintenance business processes and its functions. The Plant 
Maintenance module allows a maintenance organization to: 

 Identify, document, and correct failures and degradations of any assets for which they have 

responsibility. 

 Plan and schedule activities to prevent or predict failures and keep assets and processes 

operating within design specifications 

Turbo Machine Maintenance  
Turbo Machine maintenance is always considered a very critical and important task and utmost attention is 
given to this task. As mentioned earlier as well that the machine requiring attention is already identified. 
The main critical analysis remains the estimated time of intervention. This is mainly a business decision 
and has to cater for other equipment requiring attention and the season of peak sales. 

Planning 
Maintenance of a Turbo Train is a very critical process and Maintenance Department at Engro Fertilizers is 
very much capable of doing it themselves. Planning of Major Overhaul is usually done almost a year earlier 
and a detailed bar chart is developed that covers the major milestone of the job.  

FSRs (Field Service Representatives) are normally invited for supervising and ensuring the OEM 
recommended practices that evolve over time are followed. The technical staff including Engineers and 
Supervisors is well versed in carrying out the repairs. 

The Maintenance department ensures Quality and Safe execution of the job. In order to ensure that all 
quality standard and OEM recommendations are followed a detailed job plan for a particular machine is 
developed. The job plans are made on the basis of the experience on similar machines, the OEM manual 
and the drawings. These job plans are then reviewed by experienced personnel and finally approved. 

These job plans are available before the machine is overhauls and while the overhaul is planned a detailed 
discussion with the team is done who are updated on each and every step of the overhaul. Tools and 
Fixture are gathered and a test run is conducted prior to the actual work. 

Execution 
When the machine is taken out of service the team is already familiarized with the steps to be taken and 
hence is well prepared this helps in avoiding in any unforeseen situation. 

In order to ensure that during the overhaul no critical step is skipped a Hold Point document is made. The 
hold point document contains all the critical dimensions and checks that are required to effectively carry 
out the overhaul. 

These mainly include the critical clearances, torque values and dimensional readings. A sample Hold Point 
document is attached for your reference. 

The QC document is prepared by the Inspection Department who serves as an auditing department. The 
Maintenance and Inspection Department both approve the readings and only then the overhaul moves to 
the next step. 
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S. No. Ref. drawing MIN/mm MAX/mm Actual Date
Shift

D/N
Y N

1 SOS9929324/0 0.100 0.135

2 SOS9929324/0 0.100 0.135

3 SOS9929324/0 0.250 0.350

4 SOS9929324/0 0.450 0.500

5 SOS9929324/0 0.450 0.500

6 SOS9929324/0 0.200 0.250

7 SOS9929324/0 0.300 0.350

8 SSO0540333/0 0.350 0.450

9 SSO0540333/0 0.250 0.350

10 SSO0540333/0 0.250 0.350

11 SSO0540333/0 0.350 0.450

12 SSO0540333/0 0.300 0.400

13 SSO0540333/0 0.230 0.350

14 SSO0540333/0 0.180 0.270

15 SSO0540333/0 0.180 0.270

16 SSO0540333/0 0.180 0.270

17 SSO0540333/0 0.180 0.270

18 SSO0540333/0 0.280 0.370

19 SSO0540333/0 4.000

UREA-III

Rotating Equipment QC Hold Points

K-01 2BCl
(CO2 compressor)

Maintenance Supervisor MTS Engineer

Found

Journal Bearing O/B

1st stage impeller eye 

labyrinth(1C) clearance

Thrust bearing end 

clearance(float)

Prepared By:

Component

NDB/AR

Issue #:

Document #:

Revision #:

Date Prepared:

Approved By:

Haider Ali

Remarks

Verified

Signed

Journal Bearing I/B

2nd stage impeller eye 

labyrinth(2C) clearance

Labyrinth(4C) clearance on rotor 

end (Inner side of DGS)

Balance drum labyrinth seal 

clearance 

6th Stage impeller eye 

labyrinth(5C) clearance

Interstage balance drum labyrinth 

clearance

Labyrinth(6C) clearance on 

impeller spacers (b/w 1st & 2nd 

impeller)

Labyrinth(7c) clearance on 

impeller spacers (b/w 2nd & 3rd 

impeller)

Labyrinth(8C) clearance on 

impeller spacers (b/w 5th & 6th 

impeller)

Labyrinth(7C) clearance on 

impeller spacers (b/w 3rd & 4th 

impeller)

3rd stage impeller eye 

labyrinth(2C) clearance

Clearance between diaphram & 

rotor

Labyrinth (3C, b/w DGS & radial 

bearing) clearance 

4th stage impeller eye 

labyrinth(3C) clearance

5th stage impellereye 

labyrinth(4C) clearance

Labyrinth(1C) clearance on thrust 

bearing O/B

Note: All Readings in mm.

Record Keeping 
The QC document becomes part of the record. Keeping record of the values is important as they are then 
used in future as a reference. A detailed report comprising of the scope attended and learning outcome is 
prepared. Each and every critical step is mentioned. The detailed report is then shared across the relevant 
interfaces for their information. 

 

UPRATING TURBO MACHINES 

Background 
Engro has a legacy of uprating and enhancing machines by improving the design and increasing the 
capacity. This can be seen in numerous up rates and modifications that have been done to ensure 
reliability as well as availability of the Turbo Machines.  

Uprating a Turbo Machine requires a reason, this is generally the requirement that is driven by any 
expansion project or a need felt to enhance the system reliability /availability.  

Such as Engro Uprated 02 Gas Turbine because the current machines were not capable to provide the 
growing power requirement of the expanding plant and that the availability along with reliability of the 
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machine was not guaranteed. Hence the machine has to be up rated so that they can support the plant 
requirements. 

Same is the case of a Natural Gas booster compressor installed on natural gas service. As the well 
pressure dropped, the current compressor was not enough to support the process requirement. An 
evaluation was done to see if the capacity can be increased and it was found out that it was possible.  

It was then that the detailed integration study of the uprated compressor with existing stem was carried 
out. The surge parameters and interlocks were checked and uprate was attempted.  

These are just few examples of many uprate projects that Engro has successfully carried out. 

Relocating the old machines was not an easy task, especially those that have not been service for years. 
Engro not only relocated them but made them more reliable. This can be seen from the availability of the 
machine which is almost 100%. 

Running more than 07 Gas Turbine, 6 Large Scale Steam Turbine and 20 Compressors and having a 
service factor of 90+ percent on both plants is not an easy task especially if they have decades of different 
technology gap between them. 

In order to make the relocated machine more reliable, the first thing done was to provide them with 
proximity and seismic probe for condition monitoring. All this was carried out by Engro in house.  

This ensured that the condition of the machine can be continuously monitored and logged. This provided 
support of trending and possible application of the diagnostic tool such as ADRE®. Diagnostics became an 
easy tool and machine condition and health could now be easily predicted. 

This helped in setting up the predictive maintenance plan for the machines and the policy thus evolved 
from preventive maintenance to predictive maintenance. 

There are 03 main phases in which uprating a turbo machine is split. These are no different to the other 
major project but are very critical. It is essential for a successful project that the roles and responsibility of 
the individuals involved are clear and that the task team has clear guidance and knowledge of the scope. 

Planning and feasibility 
Engro has great deal of experience in uprating Turbo machines. Engro has uprate experience in 
Compressor, Gas Turbine and Transmission units. The triggering of an uprate project like any other project 
is arrival of a need. It is then followed by an evaluation of possibilities and subsequent exploration and 
shortlisting of ideas. 

The planning part initiates well before time and estimated timeline along with Expense details is mentioned 
for the project. A project team comprising of people from all functions is made. The project team is 
selected from the individuals that are working in different departments and no new hiring is done. The 
project team is sometimes relieved of their current duties and tasked solely for successful completion of 
the project. 

A senior person who can be a department manager is the team leader and provides direction to the team. 
The Project Team leader gets the directions from the higher management and transfers the details to the 
project team. 

The study is normally phased out in 02 main phases; an in-house evaluation and outsource evaluation. 

The in-house evaluation is done by the project team, which study the feasibility and estimates the required 
budget. It is the responsibility of this project team to evaluate the equipment as a whole system and to 
modify auxiliaries according to the requirement of the main machine. 

Next phase is the outsource study. It is jointly done by the project team and the OEM, where they explore 
different options and alternative and finally bring forth a conclusion.  

Procurement 
Procurement remains a critical process. In this phase the Project Team needs special support from the 
procurement team. The procurement officer is not direct member of the project team but is nominated to 
support the core team. 
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Procurement is majorly done by the procurement officer and the shortlisted vendor is suggested by the 
Project Team. Normally it is not as simple as it sounds. 

Procurement officer has the responsibility of delivering the goods in time to the site. The execution of the 
project greatly depends on the availability of the items. Procurement officer has the responsibility of 
ensuring that the items reach the site in time. 

The order of their arrival is very important. The items having the longest lead time determines the project 
deadline and hence a strong follow up is mandatory for in time completion of the project.  

Execution 
Execution is everyone’s responsibility. The execution team comprises of individuals that are part of the 
core project team and few additional personnel that have special experience in similar projects. 

The engineering team works closely with execution team to carry out the project flawlessly. 

Engro Fertilizers major scope is O&M of the plant and hence do not possess the manpower to carry out 
the execution of the projects. Therefore, it becomes imminent that a contractor having special tools and 
work force has to be mobilized.  

Normally a bidding process is employed where the already approved contractors are contacted for open 
bidding. The execution part always has a very strong focus on everyone. It is of utmost importance that 
Safety of Equipment and personnel and Quality of work are never compromised. 

Examples of a Major Machine Up Rates  

Power Generation Turbine (GT-602) 
Engro, before the commissioning of its new plant named EnVen had 03 MS-5001 power turbines. It 
comprised of 02 LA Model (9 MW) and 01 R (13.8MW). 

A Frame 5 Model LA gas turbine was providing about 9 MW and was uprated in 2004. Power requirement 
at the moment was 25MWs in peak summers while power production was 24 MWs. The philosophy for 
managing power was that 02 turbines should run while 01 shall be kept as stand by. Due to this model of 
operation, the R model turbine could not be handed over since it was contributing more than the LA model 
machine also that the machine was running since 1965 and had been in service for 35 years. It therefore 
got degraded and lost the throughput it once had. Also the Generator had issue of high temperature. It’s 
Stator and Rotor was sent to GE’s Meelsa Workshop for an upgrade.  

Gas Turbine 
Gas Turbine upgrade included the changes in the following 

1. Second Stage Wheel 

2. Second Stage Nozzle 

3. Second stage shroud 

Design Replacement of 
1. Cap and Liner 

2. Fuel Nozzles 

3. 1st Stage Thermocouples 

4. Transition pieces 

Generator 
1. Stator Winding 

2. Rotor Replacement 

Planning and Budgeting 
The project was envisaged in early 2002 and a detailed study was done with GE. The timeline of the 
complete project was made for stewardship purposes. The budgeting was done for both the procurement 
of material and the cost of execution. A special charge account was allocated to this project for costing 
purposes. 
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The project was divided into 03 phases 

1. Phase-1: Disassembly of Gas Turbine. 

2. Phase-2: Procurement of Spares from GE and shipment 

3. Phase-3:Shipment of Rotor from GE and assembly 

The total expense on the project was $2.53M. 

Procurement 
Procurement was done in 02 parts.  

1. Spares for Uprating 
2. Operational spares 

The procurement was done after detailed evaluation of GE. GE recommended the spares that shall be 
needed for the uprate and hence 01 Purchase Order was awarded to GE for the spares. 

The spares procurement was a critical task since right after the arrival of the upgraded rotor, the work 
would start on assembly hence it was very important that the track of the complete spares is established. 

The spares did not arrive as a one whole shipment but in different shipments so it was very important that 
the exact quantity and their application in the machine is verified. 

Execution 
Assembly started onsite after the arrival of Generator and Gas Turbine Rotor. The already existing Rotor 
was sent to GE Shop in Meelsa for uprate. GE FSR was at site for supervising the commissioning of the 
Gas Turbine. Engro provided the core technical team for carrying out the execution of the said project. 
Engro already had experience of relocation of a similar machine and hence was able to provide the 
necessary support to GE FSR. The main team involved for carrying out the Uprate was the Engro’s 
technical staff which comprised of Engineers and Technicians from Maintenance and Engineering 
department. 

The execution was planned to be of 16 days. The pre-requisite and field modification required for new rotor 
was already done and as soon as the new Gas Turbine Rotor arrived at site, it was placed inside the 
casing. The execution part went well and the coordination and the reviews came in handy but at the same 
time there were a few learning from the project 

1. Excitation Software  

2. DCS and Excitor communication fault 

3. Spare rotor interchangeability issue 

The excitation software that existed was not enough to cater for the upgraded Stator and Rotor. It was 
recycled with GE and as per their initial evaluation the upgrade was not required. Engro persisted that the 
modification based on their evaluation and it was later admitted by GE that a change in software was 
mandatory. 

The experience gathered from this project was implemented later on a similar Model Gas Turbine 
Generator and no unforeseen issues were encountered. This project details were filed as a close out and 
serves as ready reference for the future projects. 
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CASE STUDY: COOLING TOWER GEAR BOX FAILURE 
A case study is presented here which gives an insight to the method employed by Engro Fertilizers in 
identifying and resolving its issue. This also provides an idea of the focus brought in by Engro on the 
reliability front. It also discussed the in house capabilities of Engro in repairing damages. 

Summary of Failure 
Cooling Water Pumps P-1403 A/B/C/D are installed at Cooling Tower for pumping the CW from the tower 
and distribution in the CW network. Out of the four pumps, two are steam turbine driven while the other two 
are motor driven. For optimal energy balance, TP-1403 A/B are kept in operation along with either of MP-
1403C or MP-1403D to provide the required flow. P-1403B is a 595 rpm vertical arrangement centrifugal 
pump (driven by a 5143 rpm condensing type 3 MW steam turbine. 

Steam turbine driven pumps have been in continuous service since October 2012, but just after 15 months 
of continuous operation, the gearboxes of both pumps started producing abnormal noise and vibration.  

Fig. 8: Broken tooth and damaged Low Speed Gear 

Upon inspection of TP-1403A gearbox in January 2014, increased gear backlash was observed. Later, in 
March 2014, TP-1403B gearbox was inspected after observing very high vibrations post startup and it was 
found that one tooth of the LSS gear (crown) was broken. During the inspection, it was observed that 
the bevel pinion was loose on the shaft instead of interference fit. An in-house job of fitting the bevel 
pinion in shops with interference fit was carried out after discussion with the Vendor. 

Analysis 
Analysis of the root cause was done even without dismantling the gearbox. 02 different Dial Indicators 
placed in a single plane 180 Degree apart. The shaft was rotated and the difference in their values 
suggested that the gear was moving on the shaft. 

– Clearance between the Bevel Pinion and the Intermediate Shaft. 4 points on 360 Degree were 
taken to calculate the ovality and the taper. 

 
– A step / collar on shaft is provided as a gear stopper. Owing to clearance, the gear had continuous 

back & forth motion during the operation which has shaven the step / stop collar and has removed 
the material up to 0.020”  

– Keys used to lock pinion has extruded on one end due to high torque and loose pinion  
– A step has been generated near the ID of the Gear due to the continuous rubbing of the gear 

against the shaft collar. The depth of the step ranges up to 0.025”  
– Uneven wear has been observed on the teeth of the pinion gear. 
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Conclusion and Repairs 
• Analyzing the recent developments, especially the good condition of Back Stop, it seems evident 

that there were no signs of reverse rotation. 

• There exist a large clearance between the shaft and the pinion; it seems that the relative 

movement of Pinion with respect to shaft has resulted in this failure. 

• As per our analysis this kind of abnormality can be a result of workmanship issues since the 

guidelines of FIT between the shaft and the pinion was not followed. 

Bevel Pinion A step has been generated near the ID of the Gear due to the continuous rubbing of the 

gear against the shaft collar. The depth of the step ranges up to 0.025”. 

 

Intermediate Shaft: A step / collar on shaft are provided as a gear stopper. Owing to clearance,  

The gear had continuous back & forth motion during the operation which has shaven the stop  

Collar and has removed the material up to 0.020”. 

Fig. 9: Pinion Gear Shaft 

Fig. 10: Damaged Pinion Gear 
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Repair 
 Machine down the shaft outside diameter at the point of Gear Mounting and Bore of Gear’s itself 

by 1/32”. 

 Provide a welding layer on the Shaft to increase the diameter to 1/16”.  

 Machine down the shaft to an Outside Diameter keeping 0.006” of interference between the Gear 

and the Shaft. 

 Heat the Gear to 200 C and mount it on the Shaft. 

Root Cause Analysis of Failure 

 

Startup 
The machine was started and opertaed for almost one year with broken tooth. All vibrations and 
temperatures parameters were well within range. 
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