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Abstract 

This paper reviews the use of mechanical equipment design methodologies as a tool to extend 

equipment life in the sugar industry.  Traditionally, equipment is either replaced or repaired 

in a like-for-like manner once certain conditions, such as minimum thickness for a pressure 

vessel shell, have been reached. Design tools, such as Finite Element Analysis (FEA), design 

codes, new materials, conditioning monitoring, load trending, wear and corrosion rate 

trending offer the designer the opportunity to review the design assumptions to evaluate 

possible alternative life extension strategies.   

A few examples will be described to show how this has been implemented safely by using 

different techniques on different types of equipment.  This includes: 

 Extending the life of Batch Pans after general corrosion indicated that the shell

thickness has reduced to below the minimum original design specification;

 A design recalculation on a worn diffuser chain to calculate its actual strength

compared to actual load, which resulted in the chain remaining serviceable for at least

five years past the normal replacement date; and

 The option of using additional sacrificial material in the Felixton Continuous Pans

where there are high corrosion rates due to Acetic Acid Corrosion.

Keywords: equipment, extending life, design, materials, corrosion, sacrificial material 

Introduction 

Equipment used in the South African sugar industry has been fairly traditional and the 

operating and maintenance practices associated with them are well-entrenched. The 

traditional thinking of replacing these assets towards the end of their useful life according to 

the standard "bath tub curve" is currently being challenged as financial limitations drive 

exploration into how equipment life can be extended. The traditional retirement limits for 

equipment need to be evaluated against the business needs of the operation utilising the latest 

design, maintenance and operating knowledge. 
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Figure 1: Traditional Bathtub curve 

 

Information 

 

One of the biggest contributors to a successful equipment life extension programme is 

relevant data pertaining to the equipment’s operation and maintenance over its life. While 

generic failure patterns can be used in most cases, knowledge of specific damage mechanisms 

render failure predictions more accurate. 

 

Damage mechanisms 

 

Damage or degradation mechanisms refer to any causes of problems or failures within 

processing equipment. The most common form of damage mechanism in the sugar industry is 

wear and corrosion, both off-line and during operations. Generally, good maintenance and 

inspection programmes will identify and track problem areas with most equipment but it is 

essential that this information is tracked and acted on when necessary. The existing condition 

of equipment as well as the effects and potential future failure of the damage mechanism 

needs to be understood by the staff involved. 

 

Monitoring programmes 

 

Most mills have intensive inspection and predictive monitoring programmes that identify 

problems early, and established damage mechanisms which can be attended to. The general 

wear (corrosive or erosive) rates are known and unless a significant change in the operations 

has taken place, these can be attended to timeously. The detection method for most of the 

identifiable failure mechanisms is visual inspections usually conducted by experienced 

personnel although newer non-destructive examination (NDE) techniques, which identify 

potential failures, can be employed at most operations. 

 

Actions to be taken 

On discovery of problem areas, the following steps are usually followed: 
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Figure 2: Equipment problem flow sheet 

 

  

Safe operation in this context refers to health, safety and environmental (HSE) items as well 

as business risk and production efficiency. 

 

Both the long-term and short-term action steps require sound technical decisions to be made 

based on existing equipment conditions, operating conditions and applicable statutory 

regulations. The original design parameters or assumptions will need to be evaluated against 

existing conditions and, in some cases, re-rating of equipment is possible in order to enable 

continued operation of equipment. 

 

Pressure vessel specific 

In terms of pressure vessels all operators in South Africa are governed by the Occupational 

Health and Safety (OHSAct), and more specifically the Pressure Equipment Regulations 

(PER).The Regulations “apply to  the  design,  manufacture, operation,  repair,  modification,  

maintenance,  inspection  and  testing  of pressure equipment with a design pressure equal to 

or greater than 50 kPag”[1]South Africa 2015:Pg 11. 
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The regulations require repairs to be carried out in accordance with a relevant health and 

safety standard incorporated into the OHS Act. The relevant health and safety code referred 

to points back to the original code of manufacture of the vessel. The most commonly used 

vessel design code in the sugar industry is PD5500 although there are some ASME vessels 

within the industry. Although the two codes are used specifically for the construction of new 

vessels, they can be used as a guide for the repairs or modifications to a vessel as agreed to by 

the relevant parties. 

 

It must be stressed that any repair or modification carried out on a pressure vessel needs to be 

done under the supervision of an approved inspection authority recognised by the Department 

of Labour. When faced with re-evaluating the safe operation of existing vessels the codes are 

often referred to in order to establish a design base. In some cases, design data of the vessels 

are not easily available and further vessel checks are required to verify the design, taking into 

account the operating conditions.  

 

Case study 1: Triangle Pan6  

 

Background: 

The Triangle Sugar Mill, located in Zimbabwe, has six batch pans that have been in operation 

since 1964. During routine inspection in 2009, thickness tests carried out on the pans revealed 

thinning of the pan six shell and top cone that exceeded the designed maximum corrosion 

allowance.  Traditionally, a vessel that reached this state would be removed from service and 

replaced as the corrosion was general and not localised. If localised it would have made 

repairs feasible. The results for the thickness measured are tabulated below: 

 

Table 1: Thickness measurements taken of Triangle Pan6 vessel (1Third party inspection 

report) 

 

 
MID SECTION CALANDRIA TOP CONE 

ORIENTATION 1 2 3 4 5 6 7 8 9 10 

ORIGINAL 

THICKNESS(mm) 16 16 16 16 16 16 20 20 16 16 

AVERAGE 

THICKNESS(mm) 11.13 11.09 11.22 11.39 11.08 11.63 19.04 18.99 7.32 7.13 

LOSS  THICKNESS 

(mm) 4.87 4.91 4.78 4.61 4.92 4.37 0.96 1.01 8.68 8.87 

           LOSS % 

AVERAGE 30.44 30.69 29.88 28.81 30.75 27.31 4.80 5.05 54.25 55.44 

 

Pan 6 was deemed unfit for further service due to the measured thickness being below the 

minimum allowable thickness. A design check was carried out on the vessel using PD5500 

2006[2] code for the vessel: 

 

Triangle Pan 6 - As measured:     

Design pressure (p) max 150 kPag 

Design pressure (p) min -100 kPag 

Design temperature (t) 150 °C 

Vessel internal diameter (Di) 4156 mm 
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Nominal shell thickness (ec) 10.48 mm 

Analysis thickness (ea) = ec -CA 7.48 mm 

Full vacuum check-shell:     

Di 4156 mm 

E 7.48 mm 

L 1529 mm 

Stiffeners used NO   

e - minimum thickness for pressure containment 3.63 mm 

pa - maximum allowable external pressure 0.07 MPa 

pe - design external pressure 0.1 MPa 

Check pe< pa Not okay   
 

1 SIS Zimbabwe (PVT) LTD, senwayo@mweb.co.zw, (263)0912315617 
 

It was found that the cylindrical shell thickness of the vessel was insufficient to contain full 

vacuum in the corroded condition. A further check to establish if the addition of stiffeners to 

the vessel would be beneficial to extending its life follows: 

 

 

Triangle Pan 6 - With additional stiffener     

Design pressure (p) max 150 kPa 

Design pressure (p) min -100 kPa 

Design temperature (t) 150 °C 

Vessel internal diameter (Di) 4156 mm 

Nominal shell thickness (ec) 10.48 mm 

Analysis thickness (ea) = ec -CA 7.48 mm 

Full vacuum check-shell:     

R 2081.74 mm 

Di 4156 mm 

E 7.48 mm 

L 1049 mm 

Stiffeners used YES   

e - minimum thickness for pressure containment 3.63 mm 

pa - maximum allowable external pressure 0.10 MPa 

pe - design external pressure 0.1  MPa 

Check pe< pa  Shell thickness fine   

 

 

It was found that the addition of stiffener rings to the shell would allow the shell, in its 

current state, to be used at the operating conditions. For this specific vessel, it was possible to 

install additional stiffening rings at the required position since no major nozzles obstructed 

this position. 

 

The existing condition of the top cone had deteriorated beyond feasible economical repair 

and complete replacement was recommended for this section. By using FEA design 

modelling techniques, it was possible to extend the life of a major section of this vessel 

without taking any unnecessary risks. 
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Case study 2: Hippo Valley Estate (HVE) Diffuser chain. 

  

Hippo Valley had replaced the chains on its A Line Diffuser and B Line Diffuser during 2000 

and 2002 respectively. After five years in service numerous chain failures had occurred. 

Investigations into the premature failure of the HVE chain indicated that incorrect fits and 

tolerances of pins and bushes to the link plates was the most probable primary cause of the 

failure. In 2010 the decision was taken to carry out a complete pin and bush replacement on 

the HVE diffuser's chains. The replacement bushes had to be oversized to allow for the 

proper tolerances of the assembled fit of the bush and links. The original OD of the bush 

increased from approximately 58.0mm to 67.5mm, the latter being the most extreme recorded 

deviation. 

 

A consideration taken into account was the fact that the chain components could be 

accurately Computer Numerical Control (CNC) machined in a relatively short time and in 

small batches. Even though this method of replacing links is more expensive per link than the 

purchase of forged links, it allowed HVE to use the chain, with careful monitoring and with 

minimised risk of a long-term stop, while waiting for forged links. 

 

The decision-making process as to the reliability of the chain for future use was as follows: 

 Design calculations were done to compare the new theoretical breaking strength of the 

chain to the actual chain tension using worst-case data. 

 Once the chain passed the theoretical test, sections of chain that fell into the worst-

case category were assembled and tensile tested to destruction and the breaking 

strength was recorded. 

 The actual breaking strength was compared to the theoretical. The finding was that the 

actual test results were consistent with the theoretical calculations.  This proved that 

there were no “unconsidered” factors at play. 

 

Destructive testing of sections of the modified diffuser chain was carried out and showed a 

maximum tensile breaking force of 1625kN. The specified minimum breaking force for this 

chain is 1750kN. This led to the revisit of the Safety Factor (SF) employed on the chain, 

bearing in mind that the option exercised was meant to be a temporary one. The required 

chain pull per strand of diffuser chain was calculated as 330kN (design load). 

 

SF = Maximum allowable load/Design load 

 

Original SF: 

SF = 1750/330 = 5.3 

 

Revised SF: 

SF = 1625/330 = 4.9 

 

The calculated reduction in safety factor from 5.3 to 4.9 for the chains was deemed 

acceptable in this case. Consequent monitoring of the modified chains has taken place since 

the 2011 season to determine the optimum life extension period that this exercise has 

afforded the mill. Based on the latest inspection results, the chains are suitable for at least a 

further two years of service. 
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Case Study 3: Felixton Pan Tube Sheet Corrosion 

 

Felixton Sugar mill has experienced severe corrosion of the tube-sheets in the calandrias of 

its continuous pans. These calandrias are heated by V2 vapour. The damage appears to be 

occurring predominately in the zone of initial condensation of the vapour. Many studies have 

been carried out over the years and the principal cause of damage was identified as acetic 

acid corrosion.  

 

To date various attempts have been made to limit the damage: 

 

a) Preventing the problem: 

 Reducing the liming during diffusion; 

 Preventing return of high pH water from cooling towers to the diffuser; and 

 Increasing the pH during evaporation. 

 

b) Protecting equipment: 

 Coating the interior of the pans, etc. Difficult-to- access areas are not easy to 

treat. 

 

c) Treating the vapour 

 Neutralising amines; and 

 Filming amines. 

 

All approaches to date have been met with limited success and partial replacement of the tube 

sheet was necessary in the 2004 off-crop. The repair at the time required a complete 

compartment replacement. On inspection during the 2015 off-crop season, severe corrosion 

of the tube sheets was discovered, necessitating remedial action. 

 

A different approach to the problem was planned during the 2016 off crop repair of the pans. 

Some of the options considered: 

 Complete calandria replacement; 

 Compartment replacement; 

 Tube-sheet coating/build-up; and 

 Partial tube-sheet replacement. 

 

On inspection of the observable damaged area of the calandrias, the following was 

determined: 

 The tubes were all in good condition; and 

 The majority of damage occurred at the tube-sheets at the first five rows at the steam 

inlet. 

 

Based on the observations above it was decided to carry out a partial tube sheet replacement. 

It was further decided to increase the corrosion allowance to extend the life of the tube sheet 

vessel. The original tube-sheet thickness of the vessels was increased from 25mm to 40mm. 

The additional corrosion allowance is expected to add approximately seven years additional 

life to the tube sheet exposed to the acetic acid corrosion.  The corrosion rate is dependent on 

the pH of the media within the calandria. Experimental data (Mohabir, 1994) from tests 

carried out on carbon steel at various pH levels are displayed below: 
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Table 2: Corrosion rates of mild steel at different pH [3] 

 

pH Milli-inches per year (mpy) Milli-metres per year (mm/y) 

3 870 22.098 

4 350 8.89 

5 13 0.3302 

6 7 0.1778 

7 9 0.2286 

8 8 0.2032 

9 2 0.0508 

 

The typical corrosion rate for carbon steel is taken as 0.1mm/year which is not too far from 

the experimentally determined value of 0.178mm at a pH of six. The recommended operating 

pH of the Felixton pans are between six and 6.5.  

 

One of the major problems on the pans is the control of pH, which can cause extreme 

corrosion wear during excursions. As previous attempts to limit corrosion damage by 

controlling the pH has not been successful, the increase in corrosion allowance seemed like a 

logical approach. The estimated remaining life of the area under consideration would be 20 

years at estimated corrosion rate of 1mm/y (10 times the normal expected rate). 

 

Further findings: 

During the installation on the new tube-sheet section, further unanticipated damage was 

discovered. Isolated areas around the stay bars showed accelerated wear which was not 

visible prior to partial calandria disassembly. There was also a channel area running the 

length of the calandria top tube-sheet that showed extensive pitting which was also not visible 

until the first few rows of tubes had been removed. 

 

The observations support the theory that the initial vapour condensation is highly corrosive as 

described in previous research into this phenomenon. Based on the new findings, a different 

approach to this problem may be followed. This is currently under investigation. 

 

Summary 

 

The cases studies presented highlight the following: 

 

 Risk tolerance: 

The decision to embark on re-rating/modifications were simpler where the consequence 

of failure was not severe i.e. worst case suffered would be production loss. That was 

inevitable in any event with the equipment being out of service until replacements were 

installed.  

 

 How temporary is a temporary fix? 

The Hippo Valley diffuser chain case was only intended to be a temporary fix until a new 

chain could be ordered for the following season. Five years later the chain is still in 

service and further monitoring and inspections are planned to assess when replacement of 

the chain should be scheduled. These chains, based on the latest wear data, are expected 

to last at least another two seasons. 
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 Decisions based on valid information 

All decisions taken on the course of action needed to be based on reliable information at 

hand. In most cases, this is difficult to obtain until the equipment is dismantled on 

breakdown and often decisions taken on repair are those that allow the quickest way to 

return the equipment to service with little emphasis on root cause analysis. 

 

 Limited resources drive innovation 

The cases presented were of a breakdown nature where capital was not easily available. 

This forced the engineers to critically review the situation and evaluate if a drop in (i.e. 

like for like) replacement was the most sensible option. It could be argued that quick fixes 

are just that and eventual complete replacement is inevitable. While replacement will be 

necessary at some time, the methods to extend equipment life as much as possible have to 

be explored to ensure maximum utilisation of assets. A further benefit to our organisation 

is the valuable information the temporary repairs offer in the optimisation of equipment 

designs. 

 

 Fitness For Service (FFS) 

The cases presented here highlight the FFS techniques commonly utilised in the 

petrochemical industry. This technique recognises that although most equipment is 

designed to an original design code or standard, the degradation mechanisms observed in 

every unique application varies hence service life may not necessarily be limited by 

original design parameters. 

 

Conclusion 

 

Although the design function is thought to only be relevant for new builds with all codes and 

standards geared for this purpose, there is relevance in revisiting equipment.  By challenging 

initial design parameters and assumptions and by using actual operating data, optimum 

equipment usage can be realised. Future equipment designs can further build in opportunities 

for life extension programmes by proper utilisation of field information e.g. monitoring 

programmes, and root cause failure investigations. 

 

Qualifications: 

 The maintenance approach on ageing assets needs careful consideration as standard 

maintenance practices and schedules would not necessarily deal with the possible failure 

mechanisms of such assets; 

 Continuous monitoring is an essential element of any proactive maintenance approach, 

however, the designers and operators become more reliant on information on the 

performance, reliability and safety of aged equipment from monitoring data; and 

 It is not possible to extend the life of all equipment cost-effectively.  The approach 

described in this paper is a risk-based approach that also looks at the economic feasibility 

of any proposed repair/refurbishment/life extension programme. 
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