FINAL DRAFT

A BEGINNERS GUIDE TO THE OPERATION OF YS FUEL CONTROL SYSTEMS

Introduction

Few seasoned campaigners will need convincing of the benefits of pressurised fuel delivery systems when it comes to
coping with the rigours of modern F3A schedules. As far back as the 70’s, Terry Cooper stole a march on other
competitors by fitting his OPS 60 with a separate TK Regulator to supply fuel at positive pressure to a large bore
aftermarket carburettor. Not only did this provide Terry’s famous Bulldog design with significantly more power than
the competition, but it also provided much greater consistency of engine performance than was common at the time.
Other well-recognised benefits included the ability to mount fuel tanks further back in the fuselage, thereby minimising
the variation in CG as fuel was drawn from the tank.

Although others were quick to latch on to the advantages, it was some time before a reliable purpose designed
aerobatic engine became widely available in the UK. One of the earliest and most successful units was the YS60, a
short stroke 2-cycle engine, used to great effect by Ken Binks and other top GBRCAA competitors back in the late
80’s. This used an integrated regulator to supply fuel at positive pressure to a wide bore butterfly style front induction
carburettor. As enduring evidence of its success, the same basic design is still used in the current YS 45 and 91 2
strokes, much loved by many helicopter pilots. The underlying design principles were also incorporated into the early
YS 4-strokes, and with one or two minor tweaks, still survive in the current 4-stroke range including the highly
successful YS63, YS110 and YS140 FZ's (Sport and L).

Old hands will already be highly familiar with the operation of the YS system — a topic covered in previous issues of
the magazine. This article is not for you! However as more top fliers migrate to the latest version of the YS140 — the
DZ ‘Dingo’ — many of the older units will be finding their way into less experienced hands. Set up correctly, most of
these earlier YS designs are as close to trouble free as you can get. But as with most more complex systems, it is
worth investing time in getting to grips with the basic principles before tweaking the controls! Sadly, it is still all too
common for newcomers to be told to “turn the regulator adjustment this way” when they would be better advised to
turn it in the opposite direction or not touch it at all! This article therefore is mainly intended as a reference for those
newcomers who wish to understand the basic theory which underpins the practice.

The original YS Pressurised Fuel Delivery System

As a competitor in the late 80’s | was fortunate to own several of the early YS60 2 strokes, both rear (RE) and side
(SE) exhaust. Although they all proved to be highly reliable, | succumbed to temptation and stripped one of the older
units down to get a better feel for how it operated! A computerised version of my original freehand sketch is
reproduced as Fig 1.
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Fig 1: Diagrammatic representation of early YS pressure regulator system



Although originally designed for 2-strokes, the same basic principles of pressure regulation were also used in the early
range of YS 4-strokes. A small hole under the front housing of the crankcase, transferred crankcase pressure, Pc,
through a non-return valve (NRV) to the tank. Typical operating pressure for the tank was 6 to 9 psi, hence the
requirement to select a robust tank with a good pressure tight bung. Fuel from the tank entered the bottom chamber
of a 3-chamber pressure regulator before being admitted to a central chamber via a regulating control valve. Fuel at
regulated pressure Pr in the centre chamber was then fed through the main needle valve before entering the inlet
venturi via a carefully machined “tapered metering slot” in the main barrel of the carburettor. The regulated pressure
Pr was preset by adjusting the compression of the spring sitting under the control valve, via the brass adjustment
screw in the regulator base. Any fall in the regulated pressure, caused the regulator diaphragm to move downwards,
opening the control valve, and restoring the regulated pressure to its setpoint.

Assuming:

Pc = Crankcase/tank pressure

Pr = Regulated pressure to main needle valve/spray bar
a = Cross sectional area of diaphragm

k = Upwards force due to spring compression

Then at equilibrium, the forces acting on the diaphragm could be summarised as:

Downwards Force (Pc x a) = Upwards Force (Pr x a + k)

Expressed in a different form the equation becomes:

Regulated Pressure (Pr) = Crankcase Pressure (Pc) — k/a

Note that in order to obtain an increase in the regulated pressure (i.e. a richer mixture) it is necessary to reduce k (the
spring compression) by turning the brass adjustment screw counter clockwise. This is the precisely opposite to the
normal operation of the more common form of 2 chamber pressure regulator (e.g. Perry Pump), in which the outlet

pressure is increased by turning the adjustment screw clockwise. Failure to appreciate the difference in the operation
of 3 chamber and 2 chamber regulators is one of the most common reasons for YS engines being set up incorrectly!

Most of these earlier engines were delivered with the regulators “factory set” and had no form of separate slow
running adjustment other than the throttle stop itself. In practice however, it was often necessary to make small
adjustments to the regulator setting to alter the slow speed mixture through a small increase or decrease in the
regulated pressure (Pr). This in turn caused a small variation in the high-speed mixture and a little bit of iteration was
sometimes required to get the engines fully dialled in. However once properly set up and operated, the system was
virtually trouble free and it was common for users to go for a full season without needing any adjustments to the fuel
settings.

In later designs of YS 4-stoke, a small adjusting screw was incorporated in the end of the throttle barrel to further
improve the operation of earlier designs by providing a separate adjustment for slow/mid speed running. In practice
this operated as an air bleed, with the valve being turned clockwise to richen and counter clockwise to lean out the low
speed mixture (i.e. opposite effect to the high speed needle). In these later designs, the brass regulator screw was
“genuinely” factory set (approximately flush with the regulator housing) and was best left in that position!

Enter the YS 140 DZ “Dingo”

In 2002, to cater for the ever-increasing requirements for top-level performance, YS introduced the new YS140 Dingo.
This differed from all previous YS engines in using direct fuel injection into the cylinder head and a positive
displacement pump as the means of fuel transport. The operation of the Dingo pump mechanism was covered in
detail in Keith Jackson’s excellent article in GBRCAA May/June 2003 Magazine. For completeness, a simplified
version of Keith's sketch is shown in Fig 2 below:
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Fig 2: Simplified diagram of fuel delivery system for YS 140 DZ 'Dingo’

In the “Dingo”, the regulated pressure to the needle valve assembly is controlled by adjusting the amount of “kickback”
from the delivery to the suction of the positive displacement pump. Turning the Brass Adjustment Screw clockwise,
decreases the amount of kickback and increases the delivery pressure thus richening the mixture (i.e. the opposite
effect to the earlier pressurised tank designs!) Note also, that when filling the tank it is possible to pass fuel straight
through the pump and its inlet and outlet NRV’s into the needle valve assembly. Hence the need to avoid engine
flooding by blocking or disconnecting the pump suction line when refuelling the tank. (In the earlier designs — see Fig
1 - loss of crankcase pressure with the engine stopped caused the control valve to move upwards effectively blocking
the delivery from the tank.)

Summary

For those less keen on theory, the correct means of adjusting YS engines can be summarised as follows:

ENGINE TYPE REGULATOR LO SPEED NEEDLE | HI SPEED NEEDLE
SCREW
2-Strokes Counter clockwise to | Not fitted Counter clockwise to
richen and vice richen and vice
versa. (Small versa.
adjustments only).
Early 4-strokes Counter clockwise to | Not fitted Counter clockwise to

richen and vice
versa. (Small
adjustments only).

richen and versa.

Later 4-strokes

Leave factory set.
(Flush with regulator

Clockwise to richen
and vice versa.

Counter clockwise to
richen and versa.

body)
140DZ “Dingo” Clockwise to richen See Regulator Counter clockwise to
and versa. Adjustment richen and versa.

Properly set up, YS fuel delivery systems are amongst the most reliable available. | hope that this short article will be
of some help — particularly to beginners - in aligning the theory with the practice and helping them get the best from
their equipment.

The pulsating delivery from piston operated positive displacement pumps means that their delivery pressure is
notoriously difficult to regulate. Despite the undoubted success of the 140 “Dingo”, rumours are already circulating
that the soon to be introduced 160DZ will incorporate yet further improvements to the pump control system. That is
the nature of continuous development. Don't be too surprised if the Table needs an additional row including in the not
too distant future.

Bob Wasson
GBR/CAA
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Appendix 1

Plumbing for YS Dingo

PLUMBING FOR YS DINGO
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