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BOILER CODE
OF PRACTICE

GUIDANCE NOTE

PATCH SCREWS

Purpose

This document describes good practice in relation to its subject to be followed by Heritage Railways,
Tramways and similar bodies to whom this document applies.

Development

This document has been developed by boiler experts in consultation with His Majesty’s Railway Inspectorate
(HMRI) a directorate of the Office of Rail and Road (ORR). The document HGR B9000 sets out the
background to setting up the Boiler Code of Practice Committee (BCOP).

Disclaimer

The Heritage Railway Association and BCOP has used its best endeavours to ensure that the content of this
document is accurate, complete and suitable for its stated purpose. However, it makes no warranties,
express or implied, that compliance with the contents of this document shall be sufficient to ensure safe
systems of work or operation. Accordingly, neither the Heritage Railway Association nor BCOP will be liable
for its content or any subsequent use to which this document may be put.

Supply
This document is published by the Heritage Railway Association (HRA).

Copies are available electronically via its website www.hra.uk.com

Users of this Guidance Note should check the HRA website, www.hra.uk.com , to ensure that they have the
latest version.
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1. Introduction

a) Railway locomotive boilers are designed to create, store and distribute steam at high pressure. The
working life of such a boiler can be considerably shortened if due care is not taken at all stages of
inspection, repair, running maintenance and day-to-day running.

b) In the past there have been a series of accidents and explosions due to work being undertaken
without having due regard to the inherent risks involved. It is with that in mind that ORR and HRA set
up the series of meetings of boiler practitioners and insurers to discuss the issues, distil good
practice and codify it into this series of Guidance Notes.

c) This guidance is written for the assistance of people competent to perform these tasks. In places the
terminology used may be specific to such practitioners.

d) This guidance should also be useful to those in a supervisory or more general role. However, no
work should be undertaken unless the persons concerned are deemed competent to do so.

2. Recommendations

a) This guidance note is issued as recommendations to duty holders.

b) Where duty holders decide to take actions that are not in agreement with these recommendations
following appropriate risk assessments or for other reasons, it is recommended that those decisions
are reviewed by the senior management body of the organisation concerned and a formal minute is
recorded of both the decision reached and the reasons for reaching it.

3. Dimensional Notation
The dimensions in this document are variously described in a mixture of imperial and metric units.
Where practical, equivalent dimensions have been shown but, in some cases, the dimensions do not
easily equate and so the units in force at the time the original desighs were documented have been
used.

4, Personal Protective Equipment

a) Before undertaking any work, a risk assessment must have been conducted.

b) Protective equipment is to be supplied and used at work wherever there are risks to health and
safety that cannot be adequately controlled in other ways.

c) The equipment must be:

i) Compliant with the latest Personal Protective Equipment Regulations;
ii) Properly assessed before use to ensure it is suitable;
iii) Maintained and stored properly;
iv) Provided with instructions on how to use it safely; and
v) Used correctly by those undertaking the work.
5. General
Patch screws also known as set screws or lacings. Wherever practical all joints in the inner firebox or
outer shell should be made by riveting. However, some times this might not be possible, then copper
or steel patch screws may be fitted to the inner firebox, but only steel patch screws to the outer shell.
Approval by the competent person for any patch screw fitting is required before any work commences.
6. Material
Copper patch screws manufactured from Grade C107 or C105 copper.
Steel patch screws manufactured from Grade 080A15 steel or approved equivalent.
All threads to Whitworth form.
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The repairer_shall be responsible in _conjunction with the competent person for ensuring that all
materials used are fit for the purpose and shall make these available for inspection as required.
Copies of chemical and mechanical test/mill certificates shall be provided for the competent person
and the owners repair records.

7. Plate Preparation for Inner Firebox Joints

Any firebox plate work to be fitted with patch screws must be fully closed prior to any tapping operation
otherwise a troublesome patch screw repair may result, causing leaks.

Only the best and most careful workmanship is acceptable, and only light caulking and fullering should
be required.

The firebox plates are closed by removing a maximum of three rivets and leaving one rivet in place up
to the final length of joint to be patch screwed.

Free running bolts are then threaded into the middle of the three holes by means of a piece of flexible
wire and a piece of string looped around the first thread portion of the bolt.

Any suitable aperture, washout plug hole, etc., can be used for the threading process. Bolts may be
required to be threaded up a joint from rivet hole to rivet hole until the bolt is at its required location.

When all the bolts are secured and tight, the remaining rivets can be removed.

It is good practice to lightly tool around the holes and bolts with a small pneumatic hammer and flat
tool, then re-tighten the bolts to remove any sediment trapped, so as to make as clean a joint as
possible.

If a flange and/or wrapper insert have been fitted, it is good practice to fit free running bolts to every
new hole and, in addition, holes either side of the insert.

In certain conditions, it may be possible to wedge the joint closed prior to threading the bolts into the
joint, then removing the bolts in reverse after the joint is closed. In these cases, remove one bolt then
remove alternate bolts.

The joint must be closed correctly prior to fitting any patch screws.

8. Copper Patch Screws for use with Copper Plate

Standard copper patch screws are manufactured in a number of different diameters and lengths
depending on whether the patch screw is inserted into two or three thicknesses of copper plate.
Standard sizes are shown in Diagram 1. Sometimes 12 TPI thread may be encountered. The same

principles apply.

i

H .820,
v o BOO}SQUARE,
T
X For two | For three S 5
thicknesses of | thicknesses of
plate plate
1” 11/8” 1 3/4"
11/16” 11/8” 1 3/4"
11/8” 11/8” 1 3/4"
13/16” 11/8” 1 3/4"
11/4” 11/8” 1 3/4"

Thread to be continuous in plates as shown.

Diagram 1 Standard copper patch screw
sizes

45° CHAMFER TO ROOT OF THREAD.
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Standard practice is to use 3/4” rivets in 13/16” holes or 7/8” rivets in 15/16” holes as new in copper firebox
lap joints.

Rivet replacement with copper patch screws results in patch screws of 1” Dia or larger being fitted. Size will
depend on hole condition, and historically as a BR running shed intermediate repair for small quantities only.

When boilers went to BR works for repair, if it was not practical to repair any lap joints with rivets, patch
screws would be fitted in large quantities, usually on the copper door plates and lower legs of the copper
tube plates.

9. Steel Patch Screws for use with Copper Plate ,
H-820
Y L. 800 SQUARE
X For two | For three
thicknesses  of | thicknesses of I s
plate plate s 3}\ :
™~ S
T 11787 134" 4-0-/TECK i
11/16” 11/8” 13/4" f;"'g i I6R
11/8" | 11/8 13/4" 0] ﬁ% | Q/
A
13/16° | 11/8° 13/4" | £\ 88/
11/4” 11/8” 13/4" > \
Thread to be continuous in plates as shown. J / I\ILTRL
Diagram 2 Standard steel patch screws for use in copper s°CHAMFER TO ROOT OF

plate THREAD.

Diagram 2 shows standard steel patch screws for fitting in copper plate, common WR practice prior to
changing for rivets at the boiler's heavy general repair in works. Special care should be taken when fitting
steel patch screws in copper plate work otherwise stripping of the thread in the copper plate may occur.

10. Steel Patch Screws for use with Steel Plate

Y H B ISQUARE.
X For two | For three e
thicknesses  of | thicknesses of
plate plate [ T b
1) 3 n v 3
7/8 11/8 13/4 N~ N :
15/16” 11/8” 13/4" z |
e 16R
K 1178 13/4° miel, e
: g o/
1116” [11/8 13/4" """3} /Z S
11/8” 11/8” 1 3/4" K\ - 80 /_
13/16” 11/8” 13/4" e \ /
114 [ 118 13/4" e
E 11 T.PI
Hole in countersunk plate to be drilled clear as shown. 45 CHAMTEE{EE/I!()) ROOT OF

Diagram 3 Standard steel patch screws for use in steel
plate

Diagram 3 shows a standard steel patch screw for fitting in steel plates. Note the different countersink
angles of 80 degrees and 60 degrees for copper and steel plates.

Issue 02 October 2025 page 5 of 8 © Heritage Railway Association & BCOP
The Heritage Railway Association, Limited by Guarantee, is Registered in England and Wales No. 2226245
Registered office: The Railway Station, Station Road, Havenstreet, Ryde, England, PO33 4DS




HGR-B9025-1s02 Patch Screws

The drawing for steel plate work shows the top plate with no thread.

This procedure was modified as ‘good practice’ to both plates to be threaded to eliminate any engineering
reliance on patch screws to draw the plates together.

11. Non-Standard Patch Screws

Some BR works fitted copper fireboxes with % riveted copper sides, instead of copper welding the sides into
a firebox. These riveted sides would be jointed with 5/8” rivets in 11/16” holes. Any replacement of rivets will
result in 7/8” or larger patch screws being fitted as hole condition dictates.

Because non-standard patch screws are fitted, heads of a smaller finished size will result.

On ex-BR WR boilers some steel patch screws have 8 TPI instead of the BR std of 11 TPI. These patch
screws are located in the bottom holes of the copper door and tube plates in the inner firebox and also where
odd rivets have been changed by shed staff for steel patch screws as a running repair. They may also be
found on all four corners of the outer steel casing joining the foundation ring. The holes, when under repair,
can be converted, if required, to 11 TPI but care must be taken to ensure a good thread form is obtained
prior to fitting of any converted patch screw.

12. Maximum Size of Patch Screws

Due to hole condition, a patch screw larger than stated in Diagram 1 may be fitted up to a maximum size of
1.3/8” only as a one-off fitment, subject to consultation with the competent person and in isolated areas of a
lap joint, never as a full joint. Any flanges fitted with these oversized patch screws are weakened and lap
fractures can start prematurely.

Any large patch screws fitted should have their location recorded in the boiler maintenance log and plate
condition monitored at boiler washout examination by the responsible persons and any deterioration reported
to the competent person at once.

13. Method of Fitting Patch Screws to Fireboxes

Ed

STANDARD 4 NUT.

Diagram 4 Typical countersink tool used for
copper laps

)A DIA. DOUBLE SPRING

WASHER
The closed holes are countersunk to a depth of ARRANGEMENT OF TOOL COMPLETE.
approx. ¥4”, then the holes are tapped through both A
plates and the hand countersinking tool shown in T 7 g ! ! !

Diagram 4 (Nol Countersinking Tool for - roughing
only - in copper plate) is screwed into the hole to

ensure the final countersink is true to the hole. [ ! T — ]
. 3% kevwey Eo
The patch screws are inserted by a square headed i sauARE 2
SPINDLE. £ 0,

3
32 DEE

64l oiia,

HAVING

hand wrench approx. 2'-0” long and then they are all {0“" *F‘"r"%;;“j?'ﬁ.-
tightened up, the securing bolts are removed and the

process continued until all the patch screws are fitted
in place. No impact wrenches are to be used.

-\-QCUTTER.

8 TE”TH
oy COUNTERSINKING TOOL FOR FIREBOX
- FLANGE SET SCREWs IN COPPER PLATE.
=g — SPECIAL WASHER.
4 e THICK.
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a) Tooling copper patch screws

The square head of the screw is then pulled off using the hand wrench; any excessive head remaining can
now be removed by grinding or by pneumatic chiselling in a clockwise direction only (THIS IS TO RETAIN
PATCH SCREW TIGHTNESS). The screw head is then pneumatically rough tooled down to the plate.

This process is then repeated on the second patch screw and, upon completion, moving back to the first
patch screw head which can then be pneumatically tooled with smooth tools and finally lightly caulked to the
plate. This is then repeated on the third patch screw then all the other patch screws in turn, checking the
tightness of any screws not yet tooled as the job proceeds.

It is good practice to tool the completed lap joint by using rough and smooth fullering tools of full form only.

b) Tooling steel patch screws

Care must be taken when fitting steel patch screws into copper firebox joints because of the possibility of
excessive over tightening causing stripping of the threaded hole.

After the first patch screw has been tightened, a grinder is used to undercut the reduced portion below the
square head of the screw.

The square head of the screw is then pulled off using the hand wrench. Any excessive head remaining can
now be removed by grinding not chipping, (AS THIS CAN DISTORT THE THREAD). The screw head is then
pneumatically rough tooled down to the plate.

This process is then repeated on the second patch screw, and upon completion moving back to the first
patch screw head which can then be pneumatically tooled with smooth tools. No caulking is required. This is
then repeated on the third patch screw then all the other patch screws in turn, checking the tightness of any
screws not yet tooled as the job proceeds.

It is good practice to tool the completed lap joint by using rough and smooth fullering tools of full form only.

14. Steel Patch Screws to Steel Plate

In steel fireboxes, after Rivets are removed and bolts fitted. Steel patch screw joints are treated the same as
for copper fireboxes, but patch screws fitted to steel plate work are countersunk to an angle of 60 degrees
not 80 degrees.

Any excess material left on the patch screw heads should be ground off, then pneumatically tooled and
caulked.

All patch screws fitted to patches on boiler shells should be fitted so that the joint produced is not reliant on
any subsequent seal welding for steam tightness.

15. Wasted Copper Firebox Laps

Copper flange sections sometimes burn away in service and cannot be returned to original thickness of cross
section by cutting back and tooling the flange
edge.

After consultation with the competent person, it
is sometimes possible to fit copper patch screws
to make a wasted flange serviceable for a short
timescale fig (5).

This repair should only be undertaken to enable
the boiler to reach its next heavy general repair
and not beyond.

Diagram 5 Wasted Firebox Lap Repair
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16. References
British Railways Instructions Relative to Boilers 1959
International Correspondence School; Boiler inspection and repair part1+2.
Repairing of Locomotives Part 2, Boiler and firebox repairs
Institute of Locomotive Engineers Paper 17; Locomotive boiler examination, defects and repair.

Institute of Locomotive Engineers Paper 250; Locomotive boiler defects and their repairs.

end of main document
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