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Summary:

A comprehensive engineering review of balanced slide valves, integrating historical development,
detailed geometric classifications, quantitative performance data, and documented service
behaviour. Includes analysis of Richardson, hollowback, De Glehn, and conicalring balanced slide
valves, with evidencebased discussion of failure modes, lubrication challenges, distortion effects,
and comparative performance against piston valves.
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1. Evolution of the Balanced Slide Valve
1.1 From plain Dslide to balanced slide

The plain Dslide valve dominated 19thcentury locomotive practice. As boiler pressures rose, the
unbalanced load on the valve back became intolerable:

e High friction and wear

e Heavy reversing effort

e High stresses in eccentrics, links, and spindles
e Rapid deterioration of valve faces

Balancing was introduced to reduce the effective pressure area. Early experiments (Aspinall,
1885-86) showed that balancing could reduce spindle pull from 1,946 Ib to 854 Ib, a transformative
improvement.

1.2 Allan’s contribution

Alexander Allan is credited with one of the earliest practical balanced slide valves. His work
established the principle of isolating a central region of the valve back from live steam using a plate
orring.

1.3 National patterns of adoption

e Britain: Limited longterm use; rapid transition to piston valves once superheat became
standard.

e United States: Much wider adoption; numerous proprietary balanced slide designs
(Richardson, conicalring types).

e Continental Europe: Tended to move directly from plain slide valves to piston valves,
especially in superheated compound locomotives (e.g., De Glehn).

Balanced slide valves therefore represent a transitional technology—highly refined, but ultimately
overtaken by piston valves.

2. Classification of Balanced Slide Valve Types

2.1 Richardson Balanced Slide Valve (stripbalanced type)
(Jones Fig. 1; Phillipson detailed dimensions)
Geometry
e Arectangular set of grooves is machined into the valve back.
e Castiron balance strips fit into the grooves.
e Springs press the strips upward against a machined face on the steam chest cover.

e Avent hole (e.g., %") connects the enclosed space to the exhaust, preventing pressure
buildup behind the strips.

Balancing principle
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Only the area outside the strip frame is exposed to live steam.
The area inside is at exhaust pressure.

Typical proportions (Phillipson)
e Groove depth: ~2%"
e Groove width: ~17/32"
e Strip depth: ~2"/6"
e  Strip width: ~27/64"
e Springs: %" wide, 3/32" thick, with defined camber values
Balanced area
e British practice: 50-60% of valve area
e US Richardson practice:
o Let(x)=(1steam port + 2 bridges + exhaust port)
o Singledisc valve: 1.08x
o Doubledisc valve: 1.15x
Strengths
e Simple to retrofit
e Good balancing when new
e Easytovent leakage
Weaknesses
e Unequal spring forces cause uneven wear (Jones explicitly identifies this as a drawback)
e Strip distortion or breakage
e High lubrication demand

e Sensitive to dirt and carbon

2.2 HollowBack Balanced Slide Valve with Pressure Plate

(Jones Fig. 2; Phillipson)

Geometry
e The back wall of the valve is removed, creating a hollow interior.
e A pressure plate (often integral with the steam chest cover) forms the upper boundary.
o Alarge exhaust orifice in the plate gives a very direct exhaust path.

Balancing principle

The hollow interior is at exhaust pressure.
Only the narrow contact band between valve and plate carries live steam load.

Advantages
e Better leakage management than venthole systems
e Very direct exhaust—sometimes superior to pistonvalve exhaust geometry

e Fewer small springs or strips to maintain
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Weaknesses
e Plate distortion affects sealing
e Requires precise machining of plate and valve back

e Still sensitive to lubrication quality

2.3 De Glehn RingBalanced Slide Valve
(Jones Fig. 3)
Geometry
e Valve back carries a circular projection.
e Arelief frame (ring or cylinder) is bored to fit over the projection.
e Split rings (pistonringlike) seal between projection and frame.
e Springs press the frame against the balance plate.
Balancing principle

Pressure acts on both sides of the ring/frame assembly, leaving only a controlled outer annulus
unbalanced.

Strengths
e More uniform sealing than stripbalanced types
e Better selfalignment
e Well suited to compound locomotives
Weaknesses
e More complex machining
e Ring sticking or breakage

e Spring fatigue

2.4 US ConicalRing Balanced Slide Valve
Geometry
e A conical ring sits on a tapered seat on the valve back.
e Ringis split once; a cover plate bridges the joint.
e No springs: steam pressure + ring elasticity provide sealing.
Strengths
e No springs to equalise
o Selfenergising seal
e Good tolerance of wear
Weaknesses
e Sensitive to taper accuracy
e Ring can seize or crack

e Joint cover plate can loosen
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3. Performance Characteristics
3.1 Friction reduction
Aspinall’s experiments (Jones):

e Spindle pull reduced from 1,946 Ib - 854 |b

e Coefficient of friction (vertical valve): 0.068

e Balanced valves dramatically reduce valvegear loads and reversing effort
3.2 Steam distribution
Balanced slide valves offer:

e More stable valve events at speed

e Reduced wiredrawing

e Larger effective port openings (especially hollowback types)
But they cannot match piston valves for:

e High superheat

e Very large cylinders

e Extreme speeds

4. Failure Modes and Service Problems

The uploaded documents provide unusually rich evidence.

4.1 Leakage into the balanced space
If leakage past strips/rings is not vented:
e The “balanced” cavity becomes pressurised
e Valve becomes effectively unbalanced
e Friction skyrockets
e Wear accelerates
Phillipson emphasises two solutions:
1. Drilled vent hole to exhaust

2. Hollowback design (superior)

4.2 Unequal spring forces (Richardson type)

Jones explicitly identifies this as a major drawback:
e Unequal spring loads = uneven strip pressure
e Uneven wear on chest cover
e Grooving, leakage, and local overheating

e Strip chatter or breakage

4.3 Mechanical breakage

e Broken strips or rings can score valve faces
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Loose cover plates (US conical type) can jam the valve

Spring breakage causes immediate loss of balancing

4.4 Distortion and thermal issues

Chest covers distort under temperature gradients
Valve backs warp
Hollowback plates can dish
Distortion leads to:
o Edge contact
o Local overheating
o Rapid wear

o Loss of balancing

4.5 Lubrication problems

The ICE discussion provides vivid evidence:

Some “valve oils” carbonised, choking ports
Balanced valves often required much more oil than plain valves
Oil starvation at strip/ring contact lines caused scoring

Superheat worsened carbonisation and sticking

4.6 Operational reliability

Stroudley’s experience:

Adams balanced valves gave very light reversing effort
But required heavy lubrication
Produced no measurable coal saving

Ultimately removed and “thrown away”

This is consistent with the broader historical pattern:
Balanced slide valves work beautifully when maintained perfectly, but degrade quickly when they

aren’t.

5. Comparison with Piston Valves

Balanced slide valves:

Lower friction than plain slides

Simpler porting

Sometimes better exhaust flow (hollowback)
Cheaper to retrofit

Can run long intervals between attention under good conditions

Piston valves:
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Superior for high superheat, large cylinders, high speeds
Longer port length for same travel

Cleaner cutoff

Lower friction when properly ringed

More expensive to manufacture and maintain

More catastrophic failure modes (ring breakage)

Phillipson notes that piston valves can have more tortuous exhaust paths, and that balanced slides
can outperform them in this specific respect.

6. Overall Assessment

Balanced slide valves represent the pinnacle of slidevalve development. They were ingenious,
effective, and—when maintained to a high standard—capable of excellent performance. But they
were also:

Mechanically delicate

Sensitive to lubrication

Vulnerable to distortion

Dependent on precise spring or ring behaviour

Prone to leakageinduced loss of balancing

Their decline was not due to poor performance, but because piston valves were more robust under
the harsher conditions of 20thcentury locomotive operation, especially with superheated steam.



