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Foreword 

This document (EN 13445-4:2009/prA2:2012) has been prepared by Technical Committee CEN/TC 54 
“Unfired pressure vessels”, the secretariat of which is held by BSI. 

This document is currently submitted to the CEN Enquiry. 

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association, and supports essential requirements of EU Directive(s). 

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part of this document. 
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1 New Clause 7.10 

7.10 Permanent Joints Other than Welding 

7.10.1 General 

Where non-welded joints are made between metallic materials and/or non-metallic materials, procedures shall 
be established in a manner similar to that used in establishing welding procedures, and these procedures 
shall be followed for all joints. Similarly, operators shall be qualified in such procedures, and only qualified 
personnel shall then carry out these procedures. 

7.10.2 Scope 

Specific joint procedures like brazing and mechanical roller expansion are dealt with in this chapter. 

Mechanical roller expansion procedures and expansion operator approvals shall be conducted in accordance 
with Annex C of this standard. The other expanding procedures (hydroexpanding, explosive expanding...) are 
not dealt with. In case of joining combining roller expanding and welding, this Annex applies only if the 
mechanical strength is ensured only by the roller expanding. 

For hand brazing and manual mechanical brazing, brazing procedures and brazer approvals shall be 
conducted in accordance with EN 13134 and prEN ISO 13585. The rules for fully automated furnace brazing 
shall be in accordance with EN 14276-1. Old approvals valid under the Pressure Equipment Directive already 
before publication of this standard retain their validity. 
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2 New Annex C 

 

Annex C 

(normative) 

 

Specification and approval of expansion procedures and operators 

C.1 General 

This annex defines general rules for the specification and approval of expansion procedures and operators 
using expansion by mechanical rolling. 

The approval of expansion procedures is obtained by expansion procedure tests and for operators by 
procedure test or production. 

 

C.1.1 Responsibility 

The manufacturer of pressure equipment is responsible for the expansion performed in the organisation and 
shall conduct the test required in this annex to qualify the expansion procedures and the performances of the 
expansion operators who apply these procedures. 

The manufacturer shall maintain a record of the process qualification and for expansion operators’ 
performance qualification. 

 

C.1.2 Specification of expansion procedures 

The purpose of the Expansion Procedure Specification (EPS) is to determine that the expansion proposed is 
capable of providing the required properties for its intended application. 

The expansion test shall be adequately planned prior to production; the planning shall provide EPS’s for all 
expansion joints. An EPS shall be classified as a pre-EPS until approved in accordance with the rules of this 
annex. 

The manufacturer may, in addition to the EPS, prepare detailed work instructions etc. to be used during the 
actual production. Work instructions are not mandatory and are the responsibility of the manufacturer. 

If prepared, work instructions shall: 
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– be prepared on the basis of an EPS; 

– define values for the expansion process to be used by the operators for all essential variables under 
control of operator. 

The EPS shall give details of how the expansion operation is to be performed and shall contain all relevant 
information of the expansion work. 

 

C.1.3 Technical content of expansion procedure specification (EPS) 

The parameters contained inside the expansion procedure specification are classified into categories (see 
Table C.1): 

– essential variable: a variable in which a change may affect the mechanical properties of the expanded joint 
and may require a requalification according to C.4; 

– non-essential variable: a variable in which a change may be made without a requalification. 

The recorder parameters shall be those which are monitored during the expansion of the test sample. 

The EPS shall contain at least – and when applicable – the following information: 

a) identification of the manufacturer; 

b) identification of workshops or sites where the EPS is applicable; 

c) identification of EPS; 

d) reference to Expansion Procedure Approval Record or other documents as required; 

e) following material details: 

1) identification of material range of tube sheet and tube, preferably by reference to an appropriate 
standard or specification (an EPS may cover a group of material); 

2) any additional material complying with this standard; 

f) material dimension range 

1) thickness ranges of the tube sheet; 
2) outside diameter and thickness of the tubes; 

g) expansion process: by mechanical rolling (RE); 

h) joint design including a sketch of the joint design showing configuration, pitch and pattern of tube, hole 
geometry (grooves, ...), surface finish; 

i) equipment, tool and process information: 

1) type, form and length of the roll; 
2) torque; 
3) length of rolling zone; 

j) expansion factor T 

with 
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where 

d diameter of the hole inside the tube sheet; 

dif internal diameter of the tube after expansion; 

de external diameter of the tube before expansion; 

dii internal diameter of the tube before expansion. 

 

According to the expansion process the variables are classified in accordance with Table C.1: 

 

Table C.1 – List of variables 

 

List of variables RE 

Material range EV 

Thickness range EV 

Expansion process EV 

Joint design EV 

Expansion factor EV 

Length of expanded joint EV 

NOTE EV: essential variable 

 

 

C.2 Test piece 

The test piece shall be representative of the intended production piece. The test piece shall be of sufficient 
size to ensure a reasonable constraint distribution and the size or the number of test piece shall be sufficient 
to cover all the examinations requested by C.5. 

The shear test shall be performed on one or several tubes surrounded by peripheral tubes. 

 

C.3 Examination and testing 

C.3.1 General 

The tests used in the expansion procedure and performance qualifications are defined below. 
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