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Fuel Injector Testing Through Development of a
New Test Rig
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Abstract: A modified version of fuel injector with higher
injection capacity has been developed. To achieve this, the injector
plunger diameter is increased to 11mm from current 9.5mm. A
new test rig is developed to understand the functioning of the
injector due to the changes incorporated. The new test rig is
designed to test injector operation without burning the fuel. Since
internal combustion is not present an external arrangement is
required to run the engine. This is achieved through a 3-phase
induction motor, which is coupled with the crankshaft of the
engine. The injected fuel is collected form the cylinders and it is
then recirculated. A fuel cooling circuit is also incorporated along
with the fuel recirculation system to maintain the temperature of
fuel at inlet of fuel pump. An oil heating system is installed in the
test rig to maintain the viscosity of the oil by heating it. The
required systems for driving the engine, fuel cooling and oil
heating are implemented as per the design. The test is conducted
on a 19 L diesel engine. Parts which are not required for this test
like piston, piston rings, intake and exhaust manifold etc are
removed from the engine. And the cylinder liner is blocked from
below using a plate to facilitate the collection of injected fuel.
Engine is made to run using the motoring rig at the rated speed of
1500 rpm for a duration of 250 hours. Instrumented push tubes
are used to measure the push tube load. Push tube load is observed
to be in the range of 2700 to 3100 Ibf, which is high as compared
to the earlier model of the injector. Fuel injection rate is obtained
from the fuel collected from the cylinders. And the average fuel
injection rate is observed as 0.116 to 2.35 kg/min. Thus, the
increase in plunger diameter has led to an increase in fuel
injection rate.

Index Terms: Fuel injector testing, motoring rig, oil heating
system, fuel cooling circuit.

I. INTRODUCTION

The performance of diesel engines is highly influenced by the
design of the injection system. Most of the advances achieved
in diesel engines resulted directly from superior fuel injection
system designs. Hence automotive industries have always
focused on modifying the fuel injector design and testing
them to evaluate their impact on engine performance,
emissions, and noise characteristics. Fuel injector testing
devices having in-built high-pressure pump and removable
cam have been developed, so that injectors of different sizes
can be tested in the same apparatus [1,2]. Testing methods are
developed to observe fuel leakage from injector, fuel flow
condition, fuel spray pattern etc [3,4]. To test the spray
pattern, rather than fuel other test fluids under selected
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pressure can be used [5]. Devices which performs number of
tests to check the ability of the fuel delivery system to
maintain pressure, to determine the static and dynamic flow
rates through each of the fuel injectors in the fuel system are
developed. It also determines the ability of the fuel system to
deliver sufficient fuel during wide-open throttle operation [6].
Researches have been done on on electrical wiring harness for
testing the fuel injection system of an internal combustion
engine so that each individual fuel injector is then selectively
disabled and their functioning can be tested. Operation of the
engine before and after disabling individual fuel injectors are
compared to detect whether any of the injectors are
malfunctioning [7]. Also, to check the malfunctioning of
injectors on-board diagnostic system are present, which
works based on the transient pressure wave signals from the
fuel rail [8]. Studies are made to measure the rate of fuel
injection, nature of cavitation which could occur in the near
nozzle region. This is done by analyzing the temporal
signature of the pressure signals that arise in a typical
injection cycle [9].

The test methods have been designed to evaluate injector
deposit effects on performance in real world driving
conditions. And the effect of different fuel additive levels in
maintaining injector cleanliness and therefore power and fuel
economy was compared in a light duty vehicle [10]. Injector
cavitation detection tests are conducted using compressed gas
and sensors to detect the pressure output signals [11]. And
injector drift for a diesel engine are detected by
reconfiguration of injection patterns from one pattern into a
pattern with a different number of pulse points while
attempting to hold total fuel injected constant [12].

Injector testing is also done using test oil, which is circulated
with a fluid pump mechanically connected to a motor. The
fluid pump, the motor, and the rail configured to receive the
test oil, are supported elastically in the injector testing device
as a common assembly [13]. Researches have been done in
developing a fuel injector assembly for an engine system
which includes a fuel pressurization mechanism, a fuel
injector, and a flow - directing sleeve positioned about the
fuel injector. In this assembly fuel is used to cool the fuel
pressurization mechanism, and more particularly to a flow -
directing sleeve structured to direct a flow of the cooling fuel
into and out of the fuel injector [14]. Fuel injectors are
developed with headers in which a sensor is implemented to
measure one or more parameters of the fuel injector during
operation. These measured parameters can be processed and
analyzed to provide diagnostics of the operation or condition
and other characteristics of the fuel injector [15].

Published By:
Blue Eyes Intelligence Engineering



Fuel Injector Testing Through Development of a New Test Rig

II. BACKGROUND AND OBJECTIVES

A modified version of fuel injector with higher injection
capacity has been developed. To achieve this, the injector
plunger diameter is increased to 11 mm from current 9.5 mm.
Since the fueling rate has increased there is an increase in the
load on push tubes. These two parameters are of great
importance in determining the failure modes and durability of
the fuel injector. Therefore, these parameters need to be
measured.

A new test rig is developed to understand the functioning of
the injector due to the changes incorporated. The main
objective of this project is to develop a new test rig to test fuel
injector operation without burning the fuel. The test set up is
designed and all the required systems are installed as per the
design. The fuel injection rate due to the increased plunger
diameter (11mm from current 9.5mm) and the push tube loads
due to increased loading are measured using this newly
developed rig.

I11. DESIGN OF NEW TEST RIG

A. Set Up Requirements in New Test Rig

The test cell requires a base rail and mountings to install the
19L diesel engine. Motor is needed to run the engine and
mountings are required to place the motor in line with the
crank shaft. In order to connect the shaft of motor to the
engine crank shaft coupling must be used. An integrated
variable frequency drive system is inevitable to control the
speed of the motor. Since fuel is not being burned, it will be
circulated during the test. So, fuel circulation system with
provision to cool the fuel and maintain its temperature is
mandatory. To maintain the viscosity of the lubricating oil, it
needs to be heated. Therefore, an oil heating system must be
installed in the test cell. Since the fuel injected in each
cylinder is measured separately provision for collecting the
injected fuel is also needed. And to measure the push tube
loads, instrumented push tubes are being used. Hence an
Indicom trolley is needed to collect the data from
instrumented push tubes.

B. Layout of Test Rig

The layout for the test cell is designed in such a way that there
are provisions for running the engine using a motor, fuel
circulation, fuel cooling and oil heating requirements. A 50
HP motor is coupled with the crankshaft of the engine to run it
without burning the fuel. Base rails for installing the engine as
well as mountings for placing the motor are designed.

Fuel from all cylinders are collected by blocking the cylinder
liner with a plate. A threaded hole is provided in the cylinder
liner are hoses are connected to it. All six hoses from six
cylinders are directed to a common channel from where
another hose is connected to allow the flow of collected fuel
into the heat exchanger. Once the temperature of the fuel is
reduced to required range of 90-120 ° Fahrenheit, fuel flows
into a fuel bucket having capacity of 100 L. From the bucket
fuel is recirculated through the fuel filter and fuel pump into
the fuel injection lines. For absorbing the rejected heat from
the fuel, water is being circulated through the heat exchanger,
from the water reservoir.

Engine oil is mandatory to lubricate the moving parts in the
engine. And for maintaining the viscosity of the oil it needs to
be heated. Since internal combustion is not present a heat
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exchanger connected with a hot box is required for doing this
process. Thus, the oil heating circuit helps in maintaining the
oil pan temperature in the range of 70-200 ® Fahrenheit.
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Fig. 1. Layout of new test rig

Fig. 2. Top view of the designed test rig
C. Motor and Mountings

The torque requirement of the engine is 2400 Nm at 1500
rpm. For running a 19 L engine at that RPM, a 50 HP 3 phase
induction motor is needed. Mountings made of mild steel is
made to place the motor in line with the crankshaft of the
engine.
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And to connect the shaft of the motor with the crank shaft
coupling is needed. Since flex tyre couplings are highly
elastic, lubrication free couplings that can tolerate large
amount of misalignment in all planes as well as offering
simple installation and inspection without disrupting the
drive, it is used to connect the shafts. The misalignment
capability of flex tyre coupling is 4° angular, up to 6mm
parallel and 8mm axial.
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Fig. 4. Motor installed in test rig

D. CREO Model of Total Test Set Up
Test cell with fuel circulation and cooling system, oil heating

system, motoring rig, provisions to collect the fuel from each
cylinder is designed and modelled using CREO software.
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Fig. 5. Model of new test rig
IV. IMPLEMENTATION OF TEST SET UP

A. Modifications Made in the Engine

Engine used for testing is an inline 6-cylinder 19L diesel
engine. The rated power is 450 — 600 HP at 1500 rpm. The
weight of the engine is 2799 kg. This engine is used for
railway as well as generator applications. Certain parts like
piston sub assembly, intake manifold, exhaust manifold,
damper and pulley etc which are not required for execution of
this test are removed from the engine. To collect the injected
fuel from cylinder, the cylinder liner is blocked from bottom
using a plate. And a handle is also incorporated on the plate to
facilitate the placement and removal of liner from the
cylinder. During the execution of the test fuel dilution is
observed due to leakage from the blocking plate in cylinder
liner. Hence as a corrective action araldite is used to seal the
gap between the liner and the blocking plate.
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B. Engine Installed in Test Rig

As per the design of the new test rig, the motor and the
mountings are installed in the test cell. Tyre coupling is used
to couple the engine crankshaft with the motor shaft. A
variable frequency drive is connected to the motor to control
the speed of the motor. Engine is also installed on the engine
mounting rails, fuel cooling and re-circulation circuit
connections, oil heating circuit connections are implemented.
From the instrumented push tubes connection are given to the
Indicom trolley to collect the data regarding push tube load.
Fuel is collected from each cylinder and directed towards a
common channel. Braided fuel hoses are used to make these
connections. A heat exchanger is added in this circuit to
reduce the temperature of the recirculated fuel. And water is
used as the cooling fluid. A 100 L bucket is used to collect the
fuel coming out from the engine. From the fuel bucket
connections are given back to the fuel pump on the engine.
Oil from the engine is collected and circulated through a heat
exchanger to heat it to the required oil pan temperature. Qil
pan side plate is drill tapped and sensor is installed in it to
measure the temperature of the oil in oil pan. The required
minimum temperature is 70° F. In this circuit a hot box is
added to heat the water and hot water serves as the heating
liquid in the heat exchanger.

Fig. 7. Engine installd in the test rig

V. TEST DETAILS

Motor is started at lower rpm (100-200 rpm) with crankshaft
coupled to it and run the engine for 15 minutes. Gradually
speed is increased to 500 rpm. Qil rifle pressure, oil pan
temperature and fuel rail pressure are to be checked. Oil pan
temperature shall be monitored. Qil pan temperature of at
least 70° F need to be achieved before the motor is taken to
1500 rpm. Motor speed is set to 1500 rpm and the oil pan
temperature, fuel filter in temperature and fuel rail pressure
are observed. Fuel from any one cylinder will be collected for
a time-period of 5 mins to calculate the fuel injection rate.
Push tube load will be measured using instrumented push
tubes assembled on the engine. Test will be conducted for a
duration on 250 hours.
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VI. RESULTS AND DISCUSSION

A. Rate of Fuel Injection

Fuel is collected from the cylinders which are blocked at the
bottom. Fuel from each cylinder is collected separately during
the test. The graph shows an average value of fuel injection
rate in all 6 cylinders. The value of fuel injection is found to

be in the range of 0.116 to 2.35 kg/min.
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Graph 1: Fuel injection rate Vs time for one cycle

\ Fuel Injection Rate

r~
©n

~

=
©n

—

=
n

Fuel injection rate (kg/min)

[ ——
—
—=
[——
—=

a5
89
123
177
221
265
309
353
397
441
485
529
S73
e17
661
7OS
749
Ta3
837
281
925
D69
1013
1057
1101
1145
1189
1233
1277
1321
1365
1409
1453
1497
1541
1585

Time (minutes)

Graph 2: Fuel injection rate Vs time for 10 cycles

B. Push Tube Load

Push tube load is measured from the instrumented push tubes
assembled in the engine. The average value of 6 push tubes
are shown in the graph. Push tube load in LBF and engine
speed in rpm is plotted against time in minutes. The graph
shows one cycle of the test which is around 2.6 hours. Similar
cycles are repeated for 250 hours. The value of push tube load
is obtained in the range of 2700 LBF to 3100 LBF.
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Graph 4: Push tube load Vs time for 10 cycles

C. Oil Pan Temperature
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Graph 5: Oil pan temperature Vs time for one cycle
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Graph 6: Oil pan temperature Vs time for 10 cycles

Oil pan temperature is measured by the J type temperature
sensor kept on the oil pan side plate. Qil pan temperature is
observed in the range of 80 to 230° F. Only when the oil pan
temperature goes above 70° F the engine is taken to rated
rpm. And by using a shell and tube heat exchanger the oil pan
temperature is maintained in the required range.

D. Fuel Pump Inlet Temperature

Fuel pump inlet temperature is measured using a J type
temperature sensor. It is used to ensure that temperature is
maintained at the required level during the fuel recirculation.
Fuel cooling system helps in maintain this temperature. Its
value is in the range of 80 to 105° F.
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Graph 7: Fuel pump inlet temperature Vs time for one
cycle
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Graph 8: Fuel pump inlet temperature Vs time for 10
cycles

VIl. CONCLUSION

Fuel injector testing is done in test cell under simulated
conditions using a motoring rig, to obtain parameter like fuel
injection rate, push tube loads etc. Push tube load is observed
to be in the range of 2700 to 3100 Ibf, which is high as
compared to the earlier model of the injector. So further trials
with actual combustion of fuel is required to measure the push
tube loads in actual engine running conditions. During
execution of the test higher vibration is observed on push
tubes. Hence vibration trials need to be conducted on this
engine with this modified injector.

Average fuel injection rate is observed as 0.116 to 2.35
kg/min. The increase in plunger diameter has led to an
increase in fuel injection rate. Since the fuel injection rate is
high cylinder head temperature measurement and peak
cylinder pressure measurement needs to be done. This also
leads to a possibility of plunger scuffing and oil dilution.
Hence further trials are required to study the effects on
plunger surface. Also, oil dilutions trials need to be done at

highest power rating.
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