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The current expansion of the container terminal market is 
leading to an unprecedented quantity of new cranes and a strong 
trend towards refurbishment. This affects not only the big players 
but also smaller terminals which often are government owned 
or owned by a group of local investors. This class of terminal 
operator is operating under tight budget with the pressure to keep 
profits at a maximum and thus faces the challenge of increasing its 
productivity while reducing capital costs.

A viable option to increase productivity without purchasing 
new container handling equipment is to extend the life of 
existing STS cranes.  Refurbishment normally involves both the 
mechanical and the electrical system. An optimal solution is to 
balance technical aspects, comply with all local and international 
norms and regulations as well as to keep maintenance costs to a 
minimum while remaining cost competitive. 

It is common practice to do a structural test of the crane 
before deciding to refurbish the electrical installation. Once the 
mechanical structure is found worthwhile for refurbishment, 
decisions need to be taken as to the refurbishment scope of the 
electrical system.

The focus of this article is to outline considerations for the 
design of a safe electrical system for the refurbishment of STS 
container cranes. The starting point of the refurbishment activity 
is an updated risk assessment as outlined in ISO12100 ‘Safety 
of machinery: Basic concepts, general principles for design’ and 

ISO14121 ‘Safety of machinery: Risk assessment.’ The design of 
the control system is to comply with IEC60204-32 ‘Safety of 
machines: Requirement for hoisting machines’ (issued in 1998).

Safety first: Evaluation and assessment of risks
Any crane refurbishment, with respect to changes in the drive 
technology, e.g. analog to digital or increase in rating and speeds, 
constitutes a major change in the system configuration. As such, 
the risk assessment of the original machine must be reviewed in 
the context of new risks introduced by the modification and with 
consideration of the current local and international standards. 

 The risk assessment in combination with requirements formulated 
in IEC60204-32 allows the detailed design of safety circuits. 

IEC60204-32 in section 5 provides a concrete requirement for 
the power supply configuration with switching and disconnecting 
devices for the motion drive system and special circuits (lighting, 
socket outlets, crane elevator, maintenance hoist). It also regulates 
handling of the system response in case of activation of emergency 
stop pushbuttons (see 5.3.7 ‘Crane switch’).

Section 9.4 ‘control functions in the event of failure’ provides 
guidelines to circuit design with regard to usage of proven circuit 
techniques, redundancy and diversity.

Section 9.5 requires one to determine stop categories for 
safety-related control circuits which detect excessive travel, speeds 
and load based on the risk assessment.

Figure 1. Risk assessment flowchart.
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In the European context, EN954-1 is essential to define 
the safety category for hardwired safety-relevant circuits.  
For its application [1] provides useful explanations and circuit 
suggestions.

Since 2005, IEC62061 ‘Safety of machinery – Functional safety 
of safety-related electrical, electronic and programmable electronic 
control systems’ is in force which formulates requirements for 
safety systems involving programmable logic controllers.

VDI4449 [2] which is presently under review provides further 
hints on how to approach crane refurbishment and safety inspections.

Evaluating the current electrical installation
An electrical refurbishment is often motivated by drive or control 
equipment having become obsolete and, is thus, either very 
expensive or impossible to maintain. Before new (digital) drives 
and a modern programmable logic controller (PLC), possibly 
with a field bus system and a graphical human-machine interface 
(HMI) can be fitted, the desired functionality must be defined. 
Measures required by the risk assessment and the interface to 
hardwired safety circuitry are to be considered in the function 
description.

The next step will be to analyse the existing electrical and 
mechanical installation and deciding which components must 
be replaced, e.g. the locally made cam switch as shown in  
Figure 2 and which components are to be added, e.g. emergency 
drum brake on the hoist drum as shown in Figure 3. Some other 
components might be found suitable to remain operational 
for the years to come. For this analysis, collaboration with the 

Figure 3. Main hoist drum without emergency brake.

Figure 2. Locally made cam switch using proximity switches.
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equipment owner or operator is crucial. Availability of spare 
parts, ease of maintenance and overall state should be taken into 
account as well.

The analysis could follow the main system components such as:

•  Power infeed including cable reel, crane supply switch, crane 
disconnector and crane switch, shore power supply

•  Main hoist including drive, motor(s), service brake, gear reducer, 
emergency brake, position and overspeed limit switches, load cell

•  Boom hoist including drive, motor, service brake, gear reducer, 
emergency brake, position and overspeed limit switches, boom 
latch

•  Trolley including drive, motor(s), service brake, gear reducer, 
position limit switches

•  Gantry including drive, motors, motor-mounted brakes, wheel 
brakes, rail clamps, anti-collision system

•  Operator control stations in cabin, boom control station and 
landside and waterside control stations.

New control system
Any new control system will be based on digital controls. When 
introduced in the early 1990s digital controllers eliminated a need 
for time-intensive manual tuning of current and speed regulators. 

 Advances in microprocessor technology allow one not 
only to integrate drive-related control tasks such as armature 
current and speed control loops, but also logic functions related 
to handling of I/Os in the drive’s own firmware. Through the 
use of free programmable blocks, for example, the majority of 
the logical functions in simple installations could be handled. 

Despite the powerful capabilities of modern digital drives, it is 
to be observed that IEC60204-32 in item 11.3.4 disallows the 
use of programmable logic for emergency stop functions and for 
other safety-related functions it states a preference for hardwired 
electromechanical components.

In this light, and given that a thorough study of the crane’s 
control system is carried out, the new functionality of the crane 
can be defined. For this purpose several key aspects must be taken 
into consideration:

• Ease of maintenance

• Availability of spare parts

• Local competence

• Future optimisations

Given that the principle is to extend the life of the crane 
as long as the mechanical structure will allow, sometimes ‘less 
is more.’ If all issues that need to be tackled are done at once, 
the amount of information that the terminal’s maintenance 
department needs to cope with could be too much.

To decide which new functionality could be added to the crane 
a compromise between the above mentioned four aspects should 
be determined so that the new technology on the crane suits the 
terminal’s parameters (e.g. geographical location, technical level of 
staff, maintenance culture, etc).

Bus systems, PLCs and SCADA systems go hand in hand 
with the technical level of the terminal’s staff. Here a modular 
expansion plan may be recommended in order to introduce the 
staff step by step into the new crane control system and allow the 
terminal to focus on capitalising on investment.

Figure 4. Integration of analogue drive controller and thyristor stack into one single chassis.
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Conclusion
Most terminal operators at some point of time will face 
the technical challenges of crane system refurbishment. If 
the scope of work constitutes a major change to the system 
configuration, then new risks are introduced. This could occur, 
for example, due to replacement of the drive or control system. 
In such cases a risk assessment is to be undertaken for the entire 
machine. International standards ISO12100, ISO14121 as well 
as IEC60204-32 and IEC62021 describe the procedures and 
requirements for safe state-of-the-art crane control systems. 
Example risk assessment for hoisting system is shown in Table 1.

 

[1]  ‘Safety Integrated: The Safety System for Industry’, Siemens 
application manual, order number E20001-A11-M103- 
X-7600.

[2]  VDI 4449 Leitfaden zur Sicherung des Betriebes und für die 
Modernisierung von Krananlagen.

Intended use/  Hazard Probability/ Measures to reduce risk Remaining risk acceptable? 
source of risk  severity  Additional measures by the  
    end user?

Hoist System Loss of control, drop of   High since electrical supply  Set point to actual value  Yes 
 the load is not constant monitoring on the drive

   Drive fault monitoring No

   Centrifugal overspeed switch  
   installed on the motor and   
   the drum 

 Overweight condition  High because  container  Pin-style strain gauge load cell  Yes, in case load cells are in  
 (load dropping), content is unknown, or  will be put in place on the place otherwise No. 
 injury/death of personnel,  containers may hang backreach of the crane in the 

If load cells are not available
  

 irreversible damage to  with another left and right pulleys. 
on the crane, it is the

  
 mechanical structure   

responsibility of the operator
  

    
to install them.

 

 

  

    Overweight will be treated as a  
   emergency stop

TABLE 1: EXAMPLE HAZARD ASSESSMENT WITH DETAILS FOR THE MAIN HOIST
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