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Dear Customer,

You have purchased a product that meets the higjuedity and product standards. However we are
still obliged to inform you that we cannot accepy dability for the accuracy and completenesshef t
contents. Although the contents may be compiledfafly and accurately we cannot accept any lia-
bility for printing and transcription errors in p@aular.

This manual and the hardware/software describdaimwire protected by copyright. Any use outside
of the standard application as defined in law rbiftden without the permission of the holder ohtgy
This specifically applies to copying, translatipaiplication (also in part), and input to electrosys-
tems.

This manual contains the technical specifications@oduct information according to the latestustat
before publication.

The contents of this manual and the technical tatahe products may be changed without prior
notice.

All hardware and software names used in this boektse protected trademarks of the manufacturer
and must be treated as such.

Service and Support

If questions cannot be answered in our manualspleantact us:

E-Mail service@dr-horn.org
Tel.: +49 7031 6302-0
Address Dr. E. Horn GmbH

Im Vogelsang 1
71101 Schoenaich
Germany
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1 Introduction

Dear Customer,

Thank you for purchasing the “CPM - mobile CylindRressure Monitoring” set.
Please read the instruction manual prior to useaahe@re to the guidelines so that you can work yatlr meas-

urement device safely.

2 Intended Use
This measurement device is suitable for measuhiagrtternal cylinder pressure and conducting winasmeas-
urements of two-stroke and four-stroke enginesiwigimd during operation.
The user is liable for all damage resulting from tlevice being used in a way that dnescomply with intended
use.

Generally accepted accident prevention regulatimusthe attached safety instructions must be ceahplith.

Dr.E. Horn GmbH, Germany CPM




2.1
Ultrasonic sen-

sor port
22 LPREEE el ey 9
Cylinder pressure 25 Cable for ultrasonic sensor
Sensor

Reset Button
(not removable)

3
Cylinder pres-
sure sensor

Key for Thomson

adapte

2.4

Charging cable

pori 4 6

Charger Plug adapter
R bt
! PC
| 10 Not included in
| -t deliver
2.3b ! 2133 Data transfer cables y

LAN-Port for USB / LAN (RJ45

PC connectic = —--mmmmmmmmmm e e mmm oo

USB-Polt for
PC connection

____________________ RJ 45 Socket ---

~--_ —
e ey, £ - USB Socket TP ———

Dr.E. Horn GmbH, Germany




3 Description of Components

The set consists of the listed parts below. Plehsek the completeness of the set upon receipt.

1 x Hard shell case

1 x Handset

1 x Cylinder pressure sensor (permanently conneotbdndset)
1 x Charger

1 x Battery (inside of handset)

4 x Adapter for on-shore connection/on-board sugpstem for charger
1 x Tool to release the cylinder pressure sensor

1 x Ultrasonic sensor

1 x Connecting cable for ultrasonic sensor/handset

Data transfer cable

1 x RJ 45 Port

1 x USB Port

1 x Software to install on PC

1 x Instruction manual

3.1 Description and Technical Data
Hard shell case:H x L x W ca. 420 x 480 x 115 mm

CPM 7.0 kg /15,43 Ibs
Humidity max. 75 %
Working temperature -20...455 °C
Storage temperature -20...430 °C

Do NOT store in a discharged condition !

The case is fitted with an inherently stable ptastsert for storing the entire handset.
Handset: H x W x D ca. 238 x 109 x 42 mm
To measure theternal cylinder pressure when the engine is running, the range of measurerdimited
between 0 and 300 bar; the speed of rotation liamiésbetween min. 20 and max. 202]% .
Ultrasonic measurement this function can measure relevant engine naismg operation.
Start button controls the following functions: Turning the equoient on and off
Deleting data memory
Initiating measurement

Terminating measurement
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Three LEDs showing the state of the measurement unit; Measeme standby
Running measurement
Measurement finalization
Low battery alert

Deleting storage
The dual-colored LEDs indicate these functions wlih status ON, OFF or blinking (Table 10-1).

Power is suppliedby means of the 7.4 VDC rechargeable battery gexviand inserted.
Port for charger is located at the bottom (see @map3 and page 6 graphic 2.4).
The handset hasraemory that can store the measurements of at most 2ddeyt, and can be connected to a PC

for the data transmission of the measurementsrnwvRRJa45 socket or USB (page 6 graphic 2.3).

Cylinder Pressure Sensor

Pressure range / overload: 0... 300 bar / 400 bar
Frequency: 2 kHz

Supply voltage: 18...32 VDC

Output signal: 4...20 mA

Operating temperature -40...+75 °C

Max. medium temperature: +300 °C

Protection degree (IEC 60529) IP 65

Attention!
A The sensor is permanently connected to the hands&isconnecting
the sensor from the handset will result in losing arranty!

Charger
System voltage: 100 ... 240 VAC
Frequency: 50/60 Hz
Power consumption: maximal 9.62 W
Protection class: IP 30
Battery
Nominal voltage: 7.4V
Capacity: 2200 mAh
Power: 17 Wh
Adapter

The set includes 4 adapters for the charger. Théapters fit to the most common power supply syst@there
might be some incompatibility with the power systensome countries. In such cases other adapteysheed

to be used.
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Release Tool
The key is only intendetb releasethe cylinder pressure sensor from the indicatakc®he adapter has to be

tightened with a maximum of 25 Nm; no mountingigimig tool is necessary for this.

Ultrasonic Sensor
A passive sensor able to receive ultrasonic waMes.sensor is connected to the handset via a congeable
(page 6 graphic 2.1).

Dimensions: W x L xHca. 38 x 136 x 22 mm
System temperature min./ max.: -50...+100 °C

Connection: 2-pole plug

Output signal: 0...10vDC

Connecting Cablefor ultrasonic sensor / handset

Cable: triaxial cable with EMV shield
Length: 1200 mm
Connection: 2-pole plug

Data Transfer Cable

The data transfer cable is required to transmittbasurement data from the handset to the PC.

Connection Port Length Reference page 7
RJ 45 2000 mm Socket 2.3a
uUsB 2000 mm Socket 2.3b

The end of the cable has a protective cover madeeef to prevent any damage to the plug.

Software (on CD or by download)
The software needs to be installed on a PC/Lapiatetddok to read out, transfer and anaylse the meaitand
recorded data.

Handbook

The handbook is intended to assist you during lilasian, initial start up, and while measuring.

A Check the scope of your delivery as regards compkatiess and condition!

4 Initial Start-Up
The CPMcomes with a built-in battery. Charge the battempletely and monitor the state of charge as desdri
under 4.3 and following pages. Turn on the hanbiggtressing the START button (2 sec.). The LED PQRVE

shining green. The handset is now ready for use.
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The cylinder pressure sensor is mounted and caisdx without any further measures.
The assembly of the ultrasonic sensor has to be.dando so, see also chapter 5.3 connecting tisoee
To install the software, see chapter 7.

Charger/ Battery

The CPM comes with rechargeable batteries for realse. The batteries are lithium-ion batteried) wi memory

effect, low self-discharge and deep discharge ptiote.

Changing the Rechargeable Batteries
To change the batteries, loosen both screws didtiem and remove the lid.
Caution! The sockets remain attached to the lick ddbles are long enough

For the battery to be removed out of the casingauit difficulty. Disconnect

the power between battery and handset and onlyegbargeable batteries,

furnished with an identical plug, or you'll riskvexse polarity and the handset will be damaged.

Attention!
Only replacerechargeablbatteries with an original spare part. Batteries
are hazardous waste andriat belong in the household waste.

Charger

Prior to use, compare the indicted data of thegdraand check it corresponds to the system voltagesystem
frequency available.

The charger is specially made for lithium-ion ba#éts, use only this charger to recharge the bageRrior to use,

check the bottom of the charger for proper settiobarging voltage 8.2 V (graphic 4-1), and if resaey correct
it using the yellow setting-wheel (arrow must pdm8.2 Volts).

Setting-wheel for charging voltage,

arrow must point to 8.2 Volts

c
'
i
gl

Lever to release the adapter

Figure 4-1 charger

Changing the Plug
Included in the delivery are 4 adapters for thergbathat can be used for most common power supfage 6

graphic 6). Choose the most suitable one and chahygsliding the lever on the bottom part of targer (labelled
OPEN) in the direction of the arrow (graphic 4-1).




The adapter will be ejected. The right adapter sg¢ede placed in the fixture and pressed dowril iitudibly

clicks into place and tightly anchors to the char§ay attention to the mounting direction as tti@pder will only
fit in one position.

Attention!
A Only the right plug ensures the requisite levedafiety! The charger is
made to operate only in closed rooms and shouléb@eised outdoors.

4.3 Connecting the Charger

First, connect the charger by plugging the plughefcharging cable into socket 2.4 at the bottorthefhandset.
The plug will only fit if the red dots on the plamd those on the socket line up. Right after titvet,charger may
be connected to an appropriate socket.

Figure 4-2 plug connection charger for handset

4.3.1 Status of Charging
When power is supplied by mains connection, themieED POWER at the front of the charger will glowv;
displays the functional status of the charger. Jéllow LED CHARGE also comes on when charging artnenv
the rechargeable battery is connected. Once tiherpa fully charged, the yellow LED goes out amdly the green
LED shines.
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The green LED displays “Stand by” status;

the charger is connected to the power supply.

The yellow LED displays “Charge” status.
When it is ON, the battery is charging. When
it is OFF, the battery is fully charged.

Figure 4-3 Significance of LEDs of the charger

5 Getting Ready to Take a Measurement
Before beginning to measure, a few points neecattodmsidered and addressed. This will ensure teatneasure-
ments can be performed without any problem andtti@measurement results are comparable and us®duio
ensure that the measurement device functions heleada that the evaluation of the measurement citebe done

free of errors.

5.1 Marginal Conditions
Prior to measurement, ensure that the conditiamexactly the same as they were during the previmasurement.

These include:

Same engine load point

If possible, lock the governocgmply with the safety concept
On ships, pay attention to a calm sea

No measurement during rudder motion

With power stations, pay attention to constant Idedrease

Attention!
Cylinder pressure measurements should only be cvedwn stationary
load points, since varying load points falsify maasnent results.
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5.2 Sett

ing-up the monitoring device
LED 1 = Power
LED 2 = Cycle
LED 3 = Status

Turning the device on:Press the START button for 2 seconds. Once the LEDgreen, the handset is ready. If

LED 1 is red, this means that the battery is Idwhé battery voltage drops even more, the devidleswitch off

itself

automatically. The battery may need to keheeged prior to measurement.

Deleting memory: Press the START button for 2...5 seconds. LED 13wl indicate green. Release the START
button. Pressing the START button again confirnesdélete process and LED 3 indicates red whiletideléakes

place. LED 3 is off once the delete process hagend you do not confirm the delete process, It giop after

about 3 seconds and LED 3 will switch off again.

nect

Attention!
Owing to limited memory capacity and to avoid miximp measurement data, yg
have todelete the memory every time before you take therfit measurement.

ﬁ Notel

You can find a complete summary of the meanindnefltEDs in the ap-
pendix:
Table 10-2 Significance of the LEB.

5.3Con-

ing the Sensors to the Measuring Device

Attention!
The cylinder pressure sensor is permanently coaddotthe handset. Disconneg
ing the sensor from the handset will result indgsivarranty!

The ultrasonic sensoris mounted to the top part of the handset (so2Ketpage 6). The plug-connection is not a

screw, so it will latch itself. It will unlatch ou pull on the plug, butot on the cable. The same type of connection

can be found between the cable and ultrasonic se@sty when both red dots line up can the plugscannected.

Dr.E. Horn GmbH,
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Figure 5-1 Connection of ultrasonic sensor and harset

Note!

A The ultrasonic sensor cable is a cable especiallgd for this
particular sensor. In the event of damagendoreplace it with
another one. Please contact for assistance.

Attention!

A Sensors, cables and the handset are highly sensittasure-
ment instruments. That is why you should never pnlha cable
and why you should treat sensor, cable and hamdgetare!

5.4 Preparation of the Measurement Points
Before the actual measurement takes place, allrmgtgoints have to be prepared to protect theaefrom being
destroyed by fouling and to obtain good measurewanes.
To do so, clean the threads of indicator cocksguaimvire brush or some other appropriate tool dad through
to ensure that any fouling in the indicator coclesilmot damage the cylinder pressure sensor wheyingaout

measurements later. These preparatory measuresawdlyou time when carrying out measurements.

Attention!
Hot gas and solid component parts will come otitigih pressure when the indicatpr
cock is opened. Step aside before you open it,
do not hold your head right above the indicator cock, dadiot look into the open-
A ing as long as substances can come out of theaitadicock.

Please comply with occupational health and safetgsures and wear protective
goggles and gloves while operating a running engine

All parts within the appliance can be so hot thatytmay seriously injure you.

A level surface at the cylinder head is neededHerultrasonic sensor. The surface must be fregrband paint.
Thanks to magnets, the sensor is self-adhesiveoblain exact measurements, the ultrasonic sensest bai
mounted directly on the cylinder heachet on the cylinder liner andot on the engine block. A small amount of

oil, used as coupling medium, should be applied/ben the ultrasonic sensor and area of measurement.
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Figure 5-2: Cutaway of cylinder head and ultrasonic
sensor. Place sensor, as shown in the picture, tmp of
a level surface

Cylinder head

Ultrasonic sensor

One by one, the measurement data are stored omanyeard. These data cannot be sorted. Theréfiseessen-
tial to number the cylinders. The most suitablaghivould be to use the cylinder numbering systefered by the
manufacturer, which is found in the engine manufiaets manual. Begin with the first cylinder statiand work

your way up, step by step, through to the lasincdr station.

Attention!
Keep to the proper sequence, beginning with tts¢ diylinder station
all the way to the last as measurement values ¢dmmimterchanged!
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MAN
Exhaust Side

ccs @@@@@ cs

Control Side

Wartsila
Exhaust Side

ccs @@@@@ cs

Control Side

V-Engines MAK / Caterpillar

Niclolololo]

OIVICIOR®

Side B

Figure 5-3 Counting methods for MAN, Wartsila and MAK engines

Special Features of V Engines
For measurements using a V-engine, begin on baaktAe cylinder station 1 and then measure theechtink.

Only then should you start to carry out measurementbank B in the same order.
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6 Carrying Out Measurements

6.1 Cylinder Pressure Measurement
Cylinder pressure measurement is an essential aiigriool to monitor the status of the engine @mdhdividual
cylinders. To do so, the march of pressure oftedlkes is measured and represented.
The measured data is transferred into a diagramayitnder pressure over the degree of the cragledfCA]. It
represents a curve, from which the following poigigarding supervision and state-based mainterzatée an-

alyzed:

Start of compression

Slope of compressibility curve
Height of compression pressure
Start of combustion

Maximum cylinder pressure

Opening and closing of valves

6.1.1 Carrying Out Cylinder Pressure Measurements
For a safe and rapid measurement, it is necedsairjhie measurement point preparations as outimellapter 5.4
have been completed and the handset has beenquefpie measurement begins at the first cylindsiost and

is to be conducted according to the following stute:

Check that the battery is charged (see Chapter 4.3)

Attach sensors to the handset (see Chapter 5.3).

Delete memory (see Chapter 5.2).

Determine cylinder station number 1 (see Figurg.5-3

Using the belt, hang the handset over your shoddegmou will have one free hand.

Position yourself in front of the cylinder headsinch a way that you can safely reach the indigadok.

Screw the cylinder pressure sensor clockwise (lsmnewed max.). If the sensor is screwed on todlyigih will
be damaged. If the sensor is too loosely, it camecoff and shoot off owing to the cylinder pressafeéhe

indicator cockThis constitutes a serious risk of injul@bsition yourself next to the indicator cock, imofront

of it and not above it!

Turn on the handset by pressing the START butto® feeconds. LED 1 will glow green.

Fully open the indicator cock, using the appropgriabl. No gas must be permitted to escape fromedmt sensor

and indicator cock.

Wait approx. 15...20 seconds with the first cylintteensure that the sensor can warm up.
Briefly press the START button (LED 1 and 2 wilbgt green).

- Measurement begins (If you briefly press the STARiTton, you can manually terminate this measurement

When LED 2 switches off, the measurement has fadsdnd the data is recorded.
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- The device is ready for the next measurement, i Unly is green.

- Close indicator cock.

- Unscrew cylinder pressure sensor. You may haveddhe tool provideddo not hit it with a hammer or a similar
object.

- Repeat step 6 to 16 for all remaining cylinderistes.

- Turn the device off after all measurements haven lweenpleted. Press the START button for little mibren 6
seconds or until all LEDs have gone out.

Attention!

While measuring, make sure you are safely positioé@e rule of thumb of "one
A hand for the ship, the other hand for me" apple®h

Position yourself next to the indicator cock amad in front of it or above it.

Comply with health and safety procedures and aatigesvention regulations!

Attention!
Write down the charge air pressure as it needs &ntered into the software by hand.

LED 1 and 2 indicating green light, means thatdkegice is measuring the cylinder pressure. The ureasent
time depends on the engine and rotational speesteTib an overview of the measuring time in Table 6

Rotational Speed [1/min Engine Total Time of Me@snent [s]
20 2 stroke 88

150 2 stroke 20

250 4 stroke 22

1000 4 stroke 13

1500 4 stroke 12

2000 4 stroke 12

Table 6-1 Times and Cycles to Determine Sampling Ra
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6.2 Explanations Regarding Cylinder Pressure Measuremen

1 i 3ia4 5

»
»

A
Y
A
Y.

A
A
v

2 0 2
crankangle  [deg)

Figure 6-1 Cylinder Pressure Curve

Description of Figure:
Cylinder pressure, in bar (1 bar = 100,089 = 0.1 MPa), is located on the vertical axis, oml#ft-hand side. The

piston path is displayed in degree of crank antflé\] and is located on the horizontal axis, lowenrit. The curve
shows an open @/diagram.
Conversion of crank angle to path:

s(a) = r|(1 — cosa) +% a- cosZa)]

s = piston path r = upstroke radius

A = connecting rod ratio a = crank angle
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With 2-stroke enginesthe pressure range 180 °CA to +180 °CA is displayed. This correspota360 °CA =

one engine revolution = charge exchange + commmessioke + power stroke.

TDC Rotational

L EO = exhaust valve opens
direction

EC = exhaust valve closes
10 = inlet opens

IC = inlet closes

TDC = top dead centre
BDC = bottom dead centre
EC EO
IC 10
BDC

Valve Timing Diagram, Two Stroke Engine

TDC 0°
= = power stroke
0...180 °CA
= = CcOMpression stroke
_90° 90° —-180...0 °CA

=== = injection duration

== = charge changing
BDC -180°/180°

Power Stroke Diagram, Two Stroke Engine
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With 4-stroke engines the pressure range from —180 °CA to 540 °CA spldiyed. This corresponds to 720 °CA =

two engine revolutions = compression stroke + postierke + exhaust stroke + induction stroke.

TDC 2 360° Rotational
direction EO = exhaust valve opens
10 EC
EC = exhaust valve closes
IO = inlet opens
540°/ IC = inlet closes
180{ 180° TDC = top dead centre
EO IC BDC = bottom dead centre
TDC1 0°

Valve Timing Diagram, Four Stroke Engine

TDC 2 360° = induction stroke
0...180 °CA
m— = COmpression
stroke
o 180...360 °CA
5407 - power stroke
180 -180°/ 360...540 °CA
== = exhaust stroke
540...720 °CA
=== = jnjection duration
varies dep. on type
~ of injection system

TDC1 O

Power Stroke Diagram, Four Stroke Engine

6.2.1 Diagnosis of the Cylinder Pressure Course
Area 1, the process of cylinder pressure measurement batithi80 °CA. The measured cylinder pressure corre-
sponds to the purging air pressure (charge aispre}in this area.
Area 2, begins at approx. 60 °CA before TDC. The pressuthe cylinder begins to rise due to the compressio

Area 3, cylinder pressure reaches its compression presshiel depends on:

Charge air pressure (depends on the load poihieoémgine, the efficiency factor of the turbochagethe blower
- see performance diagram TC)

Trapping ratio\ (depends on valve timing, status of the scavengimgjas, valves, and charging air pressure)

The engine’s point of consumption (depends onimmat speed, torque at the crank shaft, injectiting - see

the engine performance diagram)
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6.3

State of the engine (depends on the state of #terpiings, valves, the piston, and the liner)

The slope of the curve in area 3 should be stedslaould reach the necessary compression pressapeeified
by the manufacturer. You can find information ompoession pressure in the engine operating daéd diegram

which was supplied by the manufacturer.

In this area it is possible to make a statemerdraigg the overall state of the engine, or peripheomponents.

Attention!

Measured pressures can deviate from the manufastdiaa within a predefined range of
A tolerance. This is due to non-stationary load [@imteasurement errors, and the absence pf

ISO conditions. There can only be one or more vaordefective components if this tolerance

range is not reached.

Area 4, displays combustion pressure. Maximum cylindricadsgure should be reached here. The shape of the

curve forms a bend after the compression pressutéhen rises once again. For two-stroke engiessliope of
the combustion pressure should begin afieC = 0 °CA. For four-stroke engines, the combus{ioessurean
begin before TDC. With good injection and combustibe curve will display an even gradient in thisaa The

level of combustion pressure and the shape ofuheeaepend on the following paramters:

Compression pressure

Begin of injection (depending on the setup VITppihjection,
post-injection, and poly-injection)

Injection pressure (depending on the state ofubégfump)

Injection duration

Process of injection (depending on the state etiipn nozzles

being coked or eroded, the opening presseftang, drips)

Many points can be diagnosed in this area. Amoatisr things, quantitative and qualitative statethem the
process of combustion can be formed using the esthamperature.

Area 5, cylinder pressure decreases after combustion. Tddiemt of the curve should display an even descent
this area. Aapprox. 60 °CA before BDC (the point can vary defies on the engine valve timing), the curve will
display a slight dent because the exhaust valvesopad the cylindrical pressure suddenly decreddes.area
ends at 180 °CA for 2 stroke engines and at 540 faL 4 stroke engines.

The cylinder pressure curve could portray slightegin this area which inevitably evolve due torigection of
pressure waves within the indicator cock. Thistigpécal occurrence and cannot be prevented dpéysical laws

of nature.

Ultrasonic Measurement

A running engine generates noise through movermgehing and closing of the valves, streaming gasgstion,

combustion, deformations, etc. The noise spreatiseifiorm of waves inside the engine and passesioteethe
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environment. The ultrasonic sensor measures thigheflequency waves and generates an analoguel $igna
them. The signal is amplified and all irrelevardquencies (low-frequency) are filtered out so thahe end only

the streaming of gas, injection with combustiond #me opening and closing of the valves, are coathin the
measurement value.

Attention! The ultrasonic measurement must be conducted agthe time as the cylinder pressure measurement.
For this, the cylinder pressure sensor and thasdtric sensor must be attached to the measureneast and to

the handset. The procedure is the same as thatliab@bove for cylinder pressure measurement. Hemelset
automatically recognizes the sensors and perfowtis iImeasurements. Ultrasonic measurements canno¢rbe

formed without cylinder pressure measurements.

Carrying Out an Ultrasonic Measurement
After you have prepared the measurement areabdaneasurement as described under 5.4, proceetoaest
Attention! Cylinder pressure measurement must be perform#teaame time as ultrasonic measurement. The
procedure for a cylinder pressure measurementsisrifbed under 6.1.1. The following describes jhusise steps

necessary to conduct an ultrasonic measuremendtliti@n to a cylinder pressure measurement.

Connect the ultrasonic sensor to the handset (saptér 5.3 Connecting the Sensors)

Clean the measurement area and apply some oit@spding medium

Place the ultrasonic sensor with its active fldedevel on top of the cylinder head, as showrm@illustration
below

The following steps are conducted as describechapr 6.1.1 beginning with step 4.




6.4 Explanation of the Ultrasonic Measurement Values

w00
\ )
= / \ \ { \
|~ \ \—\L\\\
Ao - | o =
4 = =
n( 11 140 1: -1 0 40 -20 o 20 1 120 140 160

Figure 6-2 Ultrasonic progression for two-stroke engines

You can see the progression of the ultrasonic nmeasent (coloured red) in this picture. You can adse the
cylinder pressure progression (coloured blue). Aduedset has triggered the time of measurementtbkacthooth
measurements are displayed at the same time wgéndeo the crank angle. Cylinder pressure in $aepicted on
the left vertical axis (see the explanation of mgér pressure measurement). The ultrasound isagisghlon the

right vertical axis. The path of the piston is désged in °CA on the lower horizontal axis.

6.4.1 Two-Stroke Engines
In area 1,the even progression of the ultrasonic measuremaliscernable, beginning at —180 °CA. The exhaust
valve is open; flue gas is flowing out of the cylam and scavenging air enters the cylinder thrdabglopened inlet
slots. At -140 °CA (the precise point can vary dejprg on valve timing), the scavenging air slots @obsed — this
process is not visible in the ultrasonic measurémen
In area 2,the closing of the exhaust valve is discernable.
In area 3, pressure losses are most evident. The flattereaulnto the slope and the steeper the first dediethe
less leakage from the exhaust valve there is.drfifure 6-2, the valves are in good shape, se#tiagombustion
chamber with minimal loss.
In area 4, the first peak indicates combustion. The fuel heanbinjected and combusted with strong noise devel-
opment. After the third peak, combustion slowly €llvay. If the peak drops sharply and heads fohdhizontal
plane at almost a right angle as in the illustratdove, this is a sign of excellent valves whieal ©ff the com-
bustion chamber.
In area 5, at 160 °CA (the moment can vary depending onithig)) and slightly in front of the lower dead pbin
is a round-shape elevation on the red line, follblwe a steep deflection. This specific elevatioggasts the open-

ing of the exhaust valve.

6.4.2 Four-Stroke Engines
In area 1, an even progression of the ultrasonic measureimeigcernable, beginning at —180 °CA.
In area 2,the closing moment of the inlet valve is discerpadil —150 °CA (the point may vary depending on the

timing). The closure generates a powerful echo kisdisplayed as a large deflection.
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In area 3,thepressure drops are most clearly discernable. Thre maen the gradient of the curve up to the slope

and the steeper the first deflection climbs, thallamthe losses through the inlet/ exhaust valvéhe figure above

the valves are in good condition, ensuring low-lesaling of the combustion chamber.

In area 4,the first peak indicates combustion; fuel was itgdand burned, causing high noise emission. Combus

tion slowly ebbs away after the second peak. Wasishown in the figure above, the peak drops shaml then

approaches the horizontal plane almost at righteangt indicates very good valves sealing off teenbustion

chamber.

In area 5,at 160 °CA (the point can vary depending on thériphand slightly before the lower dead point, and

bump is visible on the red line. The bump indicatesopening of the exhaust valve. The exhausteveleses at

370 °CA (the point can vary depending on the tifiagjindicated by a high deflection.
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Figure 6-3 Ultrasonic process in four-stroke engire

7 Software

350

500

The following description should make it easier you to handle the software. The main areas ataliaton,

evaluation of the data and storage of the measunsme

7.1 Compatibility and Prerequisites

The software supports Computer the Windows opeagatyistems of Windows 2000 and later / newer.

The following prerequisites must be fulfilled tcstall the software.

Pentium IV processor or higher
512 MB RAM or more

Hard disc with at least 500 MB available storage

Graphics card with resolution of 1024 x 768 (600higher

CD-ROM drive
Mouse

RJ45 network communication port or USB port

Dr.E. Horn GmbH, Germany
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Take Care!
A Turn off your wireless network adapter before caning the device
with the PC via RJ 45 network cable!

7.2 Software Installation
The software must be installed on a PC for the nreasvalues to be evaluated and stored. If recatvedhstalla-
tion file on CD, place the disk in the CD drive amkn the folder. Select "CPM Setup.exe” with aldewlick and
follow the steps that are indicated.

7.3 Configuring the software and the engine parameters
Configuring the software serves to establish tloper settings of the engine parameters, the alamestiold values
of the engine and the circumstances under whictsarements are taken.
Double click on the program. Then the start memeaps.

1 Fjle| 2 Display|3_Confi 5 connection displa
/ I Jisp yl/ e] <or play

MarPrime. performar ce analysis on Main Machine

o =] 3

Figure 7-1 Initial Page

Click on Gonfig [3]
This opens the “EDIT ENGINE CONFIGURATIONS” windongine configurations have already been in-
stalled here. Now check the default settings arohgl them as appropriate.

8 engine name 9 engine type
1ﬁ--_-. ;n =i @'
Huorr ywou dan edit your engine configquiafiions,
Ploase belcareful with the setings.
For funthar help read the manual o
comact us jal service@dr-hornoorg and wie'll send you o customized confiquration,
Koy o ¥ e ¥ RN G
0 M Mo Ergrn TLAMECE | 1 Edit
@ witals Ausdany Ergee 2 . <1 2 Duplicate
3 Watsls Ausdeny Ergns B
04 MARIDHS Ptber PR vese 4T 3 Delete
5 AE_3 MEH DAMATSY D00 :
6 AT AuwdayEngne  CAFIZMRL e ?
N I = iSyeomeereeeiS>= —_— _4__ 4 Import
Es# <4 5 Export
@ *~ 6 Close

Figure 7-2 Edit Engine Configurations Window
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Use the mouse cursor or the cursor keys to sateehgine whose settings you wish to check or changethen
click the Edit button.

This opens the “CPM SETTINGS” window.

It is divided into the following 2 tabs.

= ENGINE PARAMETERS, (to be opened first). The engitaea listed below is entered here:

Figure 7-3 Engine Parameters

The name of the engine is displayed under ENGINBVIEAe.g. SKL.

The engine type is displayed under ENGINE TYPE, ¥@S 8 29/24 AL

Name and Type are also taken for the file name wheasured values are stored and so they shouldideeu
The number of cylinders is set by scrolling or gdine arrow keys.

Click the “2 stroke” or “4 stroke” button, as apgable

Enter the nominal speed [rpm], (MCR speed, noGMCR speed!)

Enter the nominal power [kW] (MCR power, not the CRl power!)

Enter the stroke in metres (see the engine maou#hé value)

Enter the bore (cylinder diameter) in metres (beeshgine manual for the value)

Enter the connecting rod length in metres (seetfytne manual for the value). Enter the compressitia (see
the engine manual for the value)

Enter the inlet and outlet value opening timesraslcangle (degrees) for the first cylinder.

= CPM SETTINGS. This is where the settings for takingasurements can be changed.

Attention!
A TDC is the reference point and corresponds to rkcaagle of 0°. Engine
timings before TDC must be expressed with a minys. s
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Figure 7-4 CPM settings

CPM settings

Measurements with/without ultrasonic sound: tioé box next toACOUSTIC EMISSION if you take measure-
ments using ultrasonic sound.
Angle compression pressure: if the engine’s inpectime lies before TDC, select the crank anglesdise; if the

engine’s injection time lies after TDC, select zero

Cylinder Pressure Measurement and Power

Limit Compression Pressure: how far away the althrasholds lie from average compression pressure. T
recommended value #s3 bar.

Limit Maximum Pressure: as with 3, but for maximayptinder pressure. The threshold value should k& &far.
Limit Power: alarm threshold for average pressArthreshold value of 5 % is recommended.

Theoretical Injection Begin: injection begin formmal load. For engines with injection begin beftite upper
dead point (TDC), the latter must be corrected deand (negative value). The value entered shouldespond

to injection begin for nominal load. Take the vad®m the manual for the engine.

Attention!
A Erroneous entries can lead to incorrect resultswthe measured values are analysed.

Ultrasonic sound Measurement
Calculation Range 1 defines the range before TD#hich the leakage measurement is taken. Its Imvandary
value (“begin”) should lie just after closure oétimlet value and its upper boundary value (“erstijuld coincide

with injection begin.
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Take Note!
Since the two angles for calculation range 1 lioiteeTDC, they
must each be entered with a minus sign!

Calculation Range 2 defines the measurement raftige EDC. Its lower boundary value should lie jadter

conclusion of injection and its upper boundary justore the outlet valve is opened.

Addition / Deletion of Engines to / from the Configiration
Add Engines. The “EDIT ENGINE CONFIG” window can be used to agltgines. For this, you need complete
configurations that are stored on the CD. These=satered in the list with thiemport button. Clicking orimport
causes Explorer to open. Then you just have t& glicough the path in which the new engine configions are
located. The standard path is:  C:\Program Files (x86)\Horn\CPM\Configurations.
Select the desired engine type and confirm youryemith OK.
Delete Engine.Open the “EDIT ENGINE CONFIG” window and selecétbngine you want to delete. When this

engine’s background colour is blue, click on Betete button. Then the engine is removed from the list.

Software Description

This section explains how to load the data and wbiber functions and possibilities are providedh®ysoftware.

Loading Data

From the handset.The measured values stored in the handset hawettafsferred to the PC. To do this, start the
“CPM"” program on the PC. The following screen vaitipear:

1 File| 2 Display|3 Config|4 Help 5 connegtion display
inl %

9{.?{7 = [ =

Figure 7-5 Main Menu

Connect the handset and the PC with one of thetdatafer cables being delivered with the product.

Using the Network-cable

Insert the end with the metal sleeve into sockga ZLAN port page 8) on the bottom of the handsed it locks
in place.

Take Note!

1) The handset must be attached directly to theVPdle it is true
A that connections can also be made through a neptluaskdata trans-

fer method is not supported by the software.

2) It can take 30 seconds for the plug symbolgbtlup green.




Push to separate

/ Data cable plug

connect < » separate

Figure 7-6 Connection of Data Cable with Handset

Insert the other end of the cable into the RJ 4%kefoof the PC. Turn on the handset. The softweregnizes the
handset automatically and the data can be traesferia the Internet Protocol (IP).

Using the USB-cable

Insert the smaller plug into socket 2.3b (USB Pagde 8) and the other one into a free socket dP@eRight after
Windows configured the USB device, the MarPrimevgafe recognizes the handset and data can bedreetsf
via USB.

The connection display [5] on the upper right & thain menu indicates whether a handset is attattisgsymbol
must be lit green.

Click on button 6. OAD DATA FROM DEVICE, in the main window. This opens the “SELECT ENGISBEN-
FIG” window. Using the mouse cursor, select theimagvhose measured values are currently storeldeircon-
nected handset. Then click on thePgeceed>> button. This opens the “LOAD MEASFILE” window. Haof the

individual cylinders is listed here together witle tcurrent data file name, which is based on the aad time, and

file size.
' Load Measfiles from Device

Step 2/2:
Enter the value for scavenge air pressure
Press 'Load Files'

1 scavenge—

. mﬂﬂ'ﬂa&ﬁ This value is essential for the following measurement analysis.
a"‘ pressu re (relative value!) [bar] Please make sure that you have putin the right value here.
oy
e Name e size S

manually) P
Cylnder 1 20100924 08201Lbin  171kB
Cylinder2 20100924 _08211lbin  160kE
Cylinder 3 20100924 082211bin 1878 _ 2
Cylinder 4 20100924 082317.6in 16348
Cyfinder 5 20100924 082411bin 16748 Remove
Cylinder & 20100924 082507.bin 166 kB Fl |e
Cylinder 7 20100924_082623.bin 182 kB
Cylinder 8 20100924 082724.bin 17748
Cylnders 20100924 082818.bin  175kB
Cylinder 10 20100924 082917.bin 16848

4 3
Load
Files

Figure 7-7 “Load Measfile” Window

Check the value of scavenge air pressure [1]. Bh&iscavenge air pressure via the keyboard. Shigery im-
portant. The correct value of the scavenge airsoresmust be entered if the measurements are tmdigsed

correctly. An incorrect value can lead to errone@ssllts!
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Click on theRemove File button [2] to cause the selected record (with flaekground) to be removed and all the
following records to move up.

Click on theLoad Files button [3] to start the program. If the scaveniggeessure is less than 0.3 bar, first a new
window will appear to ask for confirmation of theasenge air pressure. If you seldltt, the value can then be
corrected. If you seledes, the program will be executed.

Load Stored Data.In the main menu, seleEile[ 1] — load Data from file or click on thel.oad data from file
button [7]. Then Explorer opens with the storecad&elect the measurement file that you want andiroo this
request by clicking th®pen button. The cylinder pressure curves of the dalected are then displayed in the main

menu.

Analysing the Data
When the data has been loaded, it is displayetiénmain menu, where all the cylinder pressure cuofethe

measurement are displayed in graph form.

Take Note!

The maximum number of displayed cylinder pressurees is the number of
A cylinders that was set in “Configuration”. For exae if a 6 cylinder engine

is entered in the Configuration menu but 8 measangsn(instead of just 6)

are stored in the handsenly the first six measurements are displayed.

your handset and start a new Opens the bar charts

calculation

Loads measurement data from

=

Opens a previously saved - -
(= measurement Opens the statistics
E Saves your calculation % Opens ‘Probability of leakage
from the bar charts

Opens the pressure changing
rate diagram

]
joe

Opens the Overview

=

|5

Opens the pé diagram Opens the report creator

4

Opens the p/V diagram

Table 7-1 Quick navigation with the button bar




1 Menu bar 2 Name of engine 3 Engine speed [rpm]
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Figure 7-8 SHOW OVERVIEW View

[1] The menu bar shows the menu itelrike, Display, Config andHelp and the buttons for these functions are
arranged directly underneath it.

[2] Shows the name of the engine that is now bdiaglayed.

[3] Shows the engine speed [rpm] when the measuresmeere taken.

[4] Shows the date and time (GMT) of the handsetmtine data was measured as well as the name #ndfpa
the storage location.

[5] The numbered buttons at the lower right (at n@gksbuttons) are for the cylinder stations and lvarlicked

to cause the corresponding cylinder data to bedfader out.

Click menu itenDisplay in the menu bar and then cligka Diagram or else click the button [9] (Figure 7-9). A
new window opens to display the individual presstueves. Click theTheoretical Curve button [5] to see the
theoretical compression curve. Clicking Weaves Timings button [3] fades in the valve timings that wertise¢he
configuration. By clicking on thReference button [6] you can then select another cylindentfithe same measure-
ment to make comparisons. It is not possible te fach cylinder for comparisons from another mezsent.

With ultrasonic sound measurements the ultrasaniod signals (Figure 1-9, red line) can be fadeahid out by
clicking on theShow Leakage / Hide Leakage button [10]. Clicking on the Leakage Window but{dd] displays
the windows in which the leakage measurement issmad

Clicking on the arrow key button >> [7] at the loott right closes or opens the table, with the miaiid foecoming

larger or smaller accordingly. The table at thétigsts important data that belongs to the measarg.
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Figure 7-9 SHOW DETAILS with ultrasonic sound

Speedis engine speed at the time of measurement Speed 106.5  [rpm]
p scavis air pressure at time of loading p scav. 3.0 [bar]
(scavenge pressure) peomp. 1320 [bar]
. . P max. 1327  [bar]
p compis compression pressure
angle max. 1001 [FCA]
p max.is cylinder pressure = ind Power 5684  [KW]
combustion pressure
Angle max.is the crank angle at which cylinder pressurehlieadéts maximum  Probability <5  [%]
of Leakage
value.
Ind. Power is indicated powekttention! Thisis not effective power; delta Speed 03 [rpm)
Probability of Leakageis the probability of pressure loss due to defectialves  pad cycles — #
Delta Speedrepresents the speed difference within this measent. Figure 7-10 Table with the

Bad cyclesshows the number of cycles which have been disdafrdm calcu- data of current cylinder

lation. If this value is higher than two you shoutgheat your measurement.

Point the mouse cursor at the diagram to get &attine on which the position on the pressureveus displayed.

When the mouse cursor is moved to the right or tbi line automatically moves along the curve thalcorre-

sponding values are displayed in the table atigie.r
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Angle to TDC shows the position on the cylinder pressure curve.

Pressureis cylinder pressure at this position on the curve.

Angle ko TOC [#]

Pressure [bar]

35,8
23.29

To see the cylinder pressure curve with pressurgiston displacement, click onFigure 7-11 Table with the

menu itemDisplay and then omp/v Diagram or else click on the button [1]

(Fig.1-11).

data of current cylinder

1 p/v Button 2 Light Sggin 3 TDC/BDC 4 X-Axis
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Figure 7-12 View of Pressure/ Volume Curve

As in the pd diagram, a table with the most important dataéefl in on the right. When the mouse cursor is ghove
over the diagram, a vertical line appears to sh@pbsition on the curve and the table at the botight displays
the corresponding data (Figure 7-13).

Clicking on theLight Spring button [4] displays a diagram that shows the gash@&nge cycle. Clicking the
TDC/BDC button [3] fades in the piston turning points tbatimit the stroke volume. Thé-Axis selection menu
[4] allows selection of the unit of the abscissav@ue). Thus the volume can be displayed absglttetubic
centimetres or relatively in %. Clicking on tReference button allows comparison with another cylindemfrthe
same measurement. Itnst possibleto fade in a second cylinder from some other nressent.

Volume: the entire volume, MV, which can be expressed in tor

as a %-value.
Volume [%%] 477

Compression [bar]  10.0

Compression:pressure in the compression stroke

Expansion: pressure in the expansion stroke
Expansion [bar] 7.2

Exhaust [bar] 3.9
Intake [bar] 3.9

Exhaust: pressure in the exhaust stroke
Intake: pressure in the intake stroke

Figure 7-13 Table with the data at the
given position on the pressure / volume
diagram
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Take Note!
With 2 stroke engines there are no exhaust anldreessure values!

Clicking on menu itenDisplay and then omisplay bar charts opens the next window. All bar chart diagrams have
a table in which the graphic values are also statederically along with the average value ovetts! cylinders.
Clicking on buttons 2 and 3 (Fig.7...14) fades irefirthat mark the alarm thresholds, once for thepcession

pressure and once for maximum pressure. The alaesltolds are set in the SETTINGS window (see gdje

1 submenuitems 2 Limit p comp|3 Limit p max.|4 Mode

pressure. [ba]

o3 one onis.

peomp was s 740 1745 73 73
pmax w72 77 1028 124 895 5.1 .3 =28

Figure 7-14 Bar charts 5 Table

Selection oMode [4]: the measured values can be presented in atteenforms.

With Full Mode [4], the diagram is faded in from zero to the peakie.

With Peak Mode[4], only the peak values are shown. This makeasier to compare the peak value curves of the
various cylinders.

With relative Mode [4], the deviation from the average over all tgénders is presented. This allows one to see

at a glance how far the individual cylinders dewittom the average.

Submenu Items [1]:

Pressure is the first submenu item and is opened automticBhe maximum cylinder pressure (blue) and the
compression pressure (green) are shown for attyheder stations.

Angle max. Pressure gives the crank angle at which the cylinder stegtiachieve maximum pressure.

Mean Indicated Pressure gives the indicated average pressure of the iddalicylinders.

Power gives the maximum indicated power of all the agéinstations.

Engine Speed gives the engine speed at the time when the measmts were taken. The green bars stand for the
lowest engine speed, the light blue bars show Heeagie engine speed and the dark blue bars shohighest

engine speed that was present when the measurewenetsaken.
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Scavenge air pressure gives a diagram that shows the scavenge air peflsad pressure) at the time “inlet valve
just closed”.

Horse Power gives the indicated power in units of “Brake hopsever” (bhp).

Probability of Leakage displays the computed probability of pressure thssto defective valves. In the table below
[5] (see Figure 7-145) this probability is expreksemerically.

The valve button allows quick access to the leakhiggay from the main menu. (seeFigure 7-5).

Take Note!
A The %-values given for ultrasonic sound measuremestgive only the probability
that a given valve is defective at all andot the percentaday which it is defective!

=
Blo| | aln] wiuluin

Clicking on menu itenDis-

play and then oisplay Sa-
tistics opens a window with a

St
.

[ ] ‘ summary of the pressure and

power values that were meas-

ll m = ___j_l ured and the probability of

e ‘ _ , B S pressure losses. The column

] i . ] PROBABILITY OF LEAK-
Figure 7-15 Diagram of the Probability of Presdumes due to Defective Valves ] ]
AGE is only available when

ultrasonic sound has been active when the measntsmvere taken. In all other cases “Leakage < 5idplayed.
With the statistics table, the efficiency factorshbe entered by hand in the field with arrow katythe upper right

corner. This number expresses the efficiency faztdr value.

Take Note!
ﬁ The efficiency factor is not a constant. It depeodshe engine and must b

11

entered again for each engine. The efficiency facan be as low as 87%
for fairly old engines and as high as 94% for negiees!

Take Note!
A The pressure rise ratiogopdpscaviS computed with absolute pressures and
not with overpressures. All other pressures arergas an overpressure.
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When is Valve Maintenance Required?

Probability [%]

Meaning and Recommendation

Bar is yellow: small pressure losses.

40 - 80

Check at short regular intervals and with resuitarr80% or worse, take

a second measurement and compare the results.

Table 7-2 Meaning of and Action to be taken with Ulasonic sound Measurements
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1 Switch for average

7.4.3

Dr.E. Horn GmbH,

s L bt by 1 L ) U

Figure 7-15 Changing Rate of Cylinder Pressure View

Clicking the dp/dt- button will open a window shawgithe cylinder pressure curves overlaid by theasiof their
pressure changing rate per degree. This windowmitas to the overview window plus the “averagettmn at the

lower left. This button switches between the digpteodes normal and average for the changing ratesuThe
average is a moving average about 5 values.

Zoom and Move
Zoom. This function makes it easier to see an excedrffteopoints on the pressure curve. Just keepethenouse
key pressed while you move the mouse cursor frarutiper left to the lower right of the area ondheve to be

enlarged (at least 1cm x 1cm). To restore the rmaigsize, move the mouse cursor (with left mousepkessed)
from the lower right to the upper left of the egled area.

Germany
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7.4.4

7.4.5

7.4.6

7.4.7
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Move. The window can also be moved. This is especiaful in zoom mode because here only part of ttiece
curve is displayed. To move the image, keep tHat rigouse key pressed while you move the mouse rcirsbe
direction in which you want to move the image.

Store Data
Bare ds @l Click on menu itenfile (in the menu bar) and then on menu
= Bl item Save Data to File to open a window in which you can
:.‘.::i';_f?.‘. enter the path of the location in which the datia ise stored.
e If needed, create a new folder in which you woikd to your
i measurements are to be stored. The name of thaeeagid
A date and time of the measurements are includeifiléhname
i automatically so that it is easy to find the meaments again.
b P Y = Confirm by clicking on th&tore button. This causes the data
Myt e s = [t 1] to be stored.

Exporting the Statistics Table
The statistics table can be stored by clickinghaiile menu item and then dexport Satistics. The standard target
location is C:\Program Files (x86)\Horn\CPM\Satistics
The name of the engine that is currently open teraatically included in the file name. The tablew@ins the

measured values, which can also be found by clicRiigplay— Display Satistics.

Exporting diagrams
If you like to export the actually displayed diagrgou just need to click on tHéle menu and then oBxport
diagram. This opens a dialog which lets you choose whersave your diagram. The diagram will be saved as

enhanced media file (*.emf). This means high qualitow space and can be viewed with Windows Péctiewer.

Print Report
The Reportis a statistical table that summarizes all thesuszment results and all relevant data that waitailea
when the measurements were taken. In additionettetimperatures of oil and cooling water, this ddga includes
wind direction, wind force, sea swell, etc.
The report is created in the main menu by clickangheCreate Report button under the menu bar (the one at the
far right) or on thd-ile menu item and then dfreate Report to open a new window for creating the rep&ig(re
7-16).
Now enter the name and initials of the report'hau{person preparing the report) unblame [7], Initials[8] and
select the report template und@emplate [6]. The pressures that have been measured aé iiillautomatically so
that only the fields for the corresponding envire@mal conditions still have to be filled in. Clidn the Save
button [2] to store the report temporarily and klibe Print button [3] to output the report on paper if a f@ins
available.




Dr

1 PreV|ew| 2 Savel 3 Print] 4 XML |5 Email| 6 Teag 7 Name| 8 Initials

ﬁ.s o S e R . T W
Main Parameter \ e5;,.,,54
Engine Data
Griner Cuiner Engine Type Engine Type Engine Number Engine Number
Total Running Hours 1] 12000 Hull Mo Hul123
Turbocharger Data
Maker Maker Seriel No. 01 SN 123 Type TypeT
Maximum Revolution [rom] 30000
Fuel 0il Data
Fuel Oi Brand HFO 330 Viscosity at 50 <C [c5t] 25 Density at 15 °C [kafl] 50
Genset Power kW] 1150 Voltage V] 490 Current (] 0
Frequency [Hz] 60 Cosphifkva 0.95
Cylinder values
Cyinder Cylnder  Cyinder Cyinder Cyinder | Cylnder Cylinder Cylinder Cylnder Cyinder Cyinder | Cyinder
o1 02 03 04 05 06 o7 08 03 10 11 12
Fuel Pump Index [I 23 23 3 3 23 23 23 23 23 2 23
Exhaust Gas 435 435 435 435 433 435 435 435 35 435 435 435
Temperature (<€)
HT Temperature Outiet 135 135 135 135 135 135 135 135 135 135 135 135
Cyfinder (°C)

Figure 7-16 Create Report View

Theto XML [4] button enables you to save the report as ahkket.

TheMail button [5] supports transmission of the reponbtigh the Internet. For this you also need e-maij@ams
and access to the Internet. When the e-mail seisiopened, the report and measured values arenatitally
attached.

A Take Note!
It is not possible to send reports directly with Outlook Eegs.

ThePreview button [1] displays a preview of the current rép®o store the report as a pdf file, click on Breview
menu item to open the PREVIEW window and look at iport. If you decide to store it as a pdf fidkck the
Export to PDF [1] button in the menu bar. To leave the PREVIEWdew without storing the report, click the
Close button [2].

PDF 2 close

o . N = T =0
b | R %~ R > L dee |
‘Engine Performance Data : Hul123‘
Engine Type Engne o Date Tine Tota ruming hours
[ o | o Jprmmenee ] Lot T Is ] s :
EngneTyoe | ° [Fonevumer] ¢ [osmno | ° [ s 2000
Fuel Type HFO 330 Turbacharger Type| [ maxTurbocharger rom|
7 [ Enonerem | 5|  vecosty  Denstyatisc | o Seral o, 10 |_JLoad ndicator
102 = B Waker  SN123  TypeT 29000
Switchboard
[GensctPower@M| | Votagev) | | Coventth) | | Frewenoyte) | [ | cosphkva |
1 2 1 1 18
w2 w0 |°[ T w 1"] @ | .
Cylinder Data
i T Terperatirs
oy | Moo ndotes | compression | waximum | aicsted | Leakose | Fuctpum | Extmmtcas GBS
rrrrr (ar) | Pressure (oar) e (oar) | Power () | 04) ndex | Temperaiure ') | OVt O
T 177 22 227 w7 = B = 135
2 a1 [EE] 1371 sa1s < 5 435 135
B e [ [ a1 = = = I
0 a3 [EX] (D a0 = B =3 5
g [ 121 [E) sor2 < = 3 3
5 [ [0 [ e = = = T
7 a3 [ (s a5 = = = T
B 182 [EN) [ S < = =3 3
0 Tas [ [ED soa7 = = = T
0 e (D I3 e = = = T
T 178 1228 25 s7a2 = B = 125
B 177 [ 1341 5710 < = 3 13
mean | 181 1324 [ET) 5831 - 2300 43500 13500
Turbocharger
Femperature Exhais! oas
2 | oetoreTc (6) e = bl
2 [T 15 120 B
Pressure exhaustoas
2 | Presere e 115 15 1

Pagelofl

Figure 7-17 Preview of a Report
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7.4.8 Export engine configs
This function allows rapid transfer of engine cgufiations from one PC to another. This saves tintepaievents
data entry errors when defining engines on and®i@rin addition, you can use this function to tfansonfigura-
tions from the registry to a folder of your choisbich you can access at all times, particularly iyeu are
installing software updates.
Open the SELECT ENGINE CONFIGS window to selecteghgine whose configurations are to be exportetielf
engine’s background colour is blue, clicking on Export button will open the Explorer. Now select the pisth
which this engine’s configurations are to be stof@dnfirm and execute the export process by cligkhe Sore
button.

7.4.9 Help
By clicking onHelp — Help you can find a detailed help that can assist §gou have any problems with using
the software.

7.5 Version
The manufacturer reserves the right to preparer@ledse new and/or other
versions of the software. The description of yoersion can be found in the
main menu by clickingHelp — Info. This opens a window with all
information about the software.
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8 After Use

Take Note!

Measurement devices are highly sensitive toolstitiereason, the CPM should be
returned into the case provided after use. Dohvott the device and protect it froni
hard impacts and shocks. Temperatures outsidepihiaiing temperature range and
moisture inevitably lead to damage to the deviakexpiration of the guarantee.

9 Guarantee

The manufacturer provides a 24 months guarantegifoproduct, beginning with the date of deliveFiie delivery
note is proof of guarantee. The warranty encompgafiaeless manufacture and functional efficienclyodd de-
fects occur in this regard the manufacturer shadluee replacement and repair in accordance witliafle@ving
conditions:

1. The device was not exposed to inappropriate uggcorrect treatment.

2. The defect cannot be attributed to damage cautaddelivery to the purchaser.

3. No alterations or maintenance work were perforimgdnauthorised persons or which are not in agreemith
the instructions provided.

4. The defect cannot be attributed either whollyropart to a cause outside of the device or to tmnection of
the device to other objects which are not interfdeduch a purpose.

5. All transport and insurance costs involved in neitag the device to the specialist dealer are tpdié in advance
by the purchaser.

6. The manufacturer or the specialist dealer shait bee delivery costs incurred in returning theaiegd device if
the complaint was justified and the claim made iwithe guarantee period. If this is not the cabeosts incurred
are to be borne by the buyer.

7. The manufacturer accepts no liability above angbhd the warranty claims described above.

8. This manual is subject to change or update withdor notice. Furthermore, all general terms eodditions of
Dr.E.Horn GmbH apply. The general terms and cooustiwere provided with your delivery note and as&lable
on www.dr-horn.org.
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10 FAQ (frequently asked questions)
Here, you can find possible problems, causes, amgbged solutions. If your question is not includethis table

or the procedure does not help, please contact Blolh GmbH by emailservice @dr-horn.org

Question / situation / error Cause Procedure

LED does not illuminate aftg Battery voltage is too low | Charge handset.
turning on the handset Check the connection between battery and handset

Software is running and shows | Software of the device hg Press the reset button. The reset button is lodated

reaction on pressing the button | stopped. on the sensor side and can be reached by a ngedle.

Battery voltage still not sufficient Wrong voltage configuration Set the adjustment wheel on the charger to 8J2 V
after charging on the charger and charge again.

Change the batteries.

Battery defective

Ultrasonic measurement valu{ No oil between sensor arl Apply oil as coupling medium.
poorly displayed the measuring point Check cable connection.

Paint or dirt between the sepRepeat measurements.

sor and the measuring point

Faulty connection to handsgt

Table 10-1 Error handling and frequently asked quetions
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10.1 Summary of the significance of the LEDs

Iltem | Holding time LED LED colour| Significance
START key number
when LED 1 illuminates the handset is on released#y for more
1 1s 1=ON | green actions
Briefly pressing the key starts a measurement
Measurement is performed automatically
LED 2 turns off when the measurement is finished
1=ON Stop measurement by briefly pressing the key
2 short 2=0ON | green
LED 1 and 3 illuminate green
Release the key and press it again within 2 seonfirm the delete
procedure
1= ON | green (red)| LED 3 illuminates red during the delete procedure
3 2s-5s 3=0ON LED 3 (green and red) turns off once the proceitioemplete
1 =flashing If key is now released the device will turn itseff
4 6s green
Continuance Table 10-2 Significance of LED’s
1 =flashind green If no input occurs the device turns itself off afid2 seconds
4 6s
1 =flashing red Handset operating on batteries, low voltage
5 the handset turns itself off if the voltage decesafsirther.
green LED 3 illuminates continuously, network connectamtive for read-
ing data
If LED 3 is blinking (0.5 Hz), measurement was d@bdrbecause n
3=ON/ cylinder pressure was measurable. Confirm messahpeSVART
6 short Flashing | red and LED 3 turns off
If LED 3 is flashing (1Hz) the measurement was saited becaus
the memory is full
The message is confirmed by pressing the STARTobwhd LED
3 turns off
red

D

Table 10-2 Significance of the LEDs
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11 Description of the features in version 3.2.1
Send file

By clicking File — Sendfileto a dialog opens with the buttoBend via email andOpen path.
e Click on Send via email opens your standard E-Mail client. Addressed @ersubject and the current

MPD-file are automatically filled in.

e Click on Open path opens the Horn folder where you can find the €ilga (*.mpd).

Extract config from measurement

By clicking File — Extract config from measurement a configuration window opens. The engine paramnafte
the current measurement data file (*.mpd) are aatmaily filled in the corresponding fields. By ating the OK

-button a new configuration file will be saved arah be used for further analyses.

Send raw data

By clicking Help — Send raw data a window opens where you can choose raw datffilesending to Dr. E.
Horn GmbH. The raw data are subdivided in engine typedate of measurement. Before sending the rawatata
packed in the zip-format.
e Click on Sendviaemail opens your standard E-Mail client. Addressedgrgrsubject and the chosen raw
data (*.zip) are automatically filled in.

e Click on Open path opens the Horn folder where you can find the ratadiles (*.zip).

Search for updates

By clicking Help — Search for updates the Horn software checks if a new update is alatel Therefore a
connection to the internet is required.
A click on the OK -button starts the download. After finishing theathdoad you have to install the “horn_up-

date.exe” to update your Horn software.

Fine tuning

After loading measurement data from your handheldad and finishing the calculation process youehthe
possibility to manually adjust the TDC (Top Deadh@e). You are allowed to shift each cylinder puesscurve
up to +/- 1.5 °CA at 0.1°CA steps. Select one orenwylinders to be shifted at the same time. Fooimized
TDC correction use the derivative of the measuradecand the derivative of the theoretical compogssurve.
By clicking theReset -button the initial conditions will be set againftéx saving your measurement a second TDC

correction is not possible anymore.

Remarks

By clicking Display — Display remarks or clicking “R” in the toolbar the remark windaypens. The remark list
gives you a quick overview about specific event$ ahint if something is not ok. There are thrgeeg/of remarks.

The first tells you how the measurement was cawigd (e.g. number of cylinders measured, qualitylvasonic
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sound signals etc.) The second type checks wh#theneasurements exceeded limits or not. Thoseslitan be

set within the corresponding engine configuratiewy(pressure deviation, leakage detection etc.).

History

By clicking Display — Display history or clicking “H” in the toolbar the history windoapens. All measurement
files found in the measurement folder (...\Horn\Measuents) can be selected to be shown in the histotyAny
other folders including subfolders are ignored.
You can select and compare up to two engines witlhoul0 measurement files each. When selecting onéy
engine you can compare different measurement vébndise same measurements. When selecting twmesgiou
can compare different measurement values betweeméasurements of those two engines.
By clicking on one of the measurement points (ddisplayed in the diagram you can open this measemé file
in a new program window for more information.
Display options:

» Dots— displays the values for each measurement andasdiokder

e Lines— connects the dots for each cylinder in the sanr co

» Average— displays the average value of each measurement

* Limits — displays the default measurement limit value
View mode:

* Normal— displays the absolute values

* Relative to average» displays the difference between absolute valudstaaverage

12 Notes on Safety and Surrounding Area

Before working on the system, disconnect the pokvays wear clean clothing, and have clean handstaols.
Only use tools suitable for this work. All othefesg instructions are valid and should be observed.

13 Warranty Declaration

The manufacturer's product warranty is valid fom2@nths from the date of delivery. The deliveryenistthe valid
document. The warranty covers error-free procesamyfunctional capability. If deficiencies occuarrelation to
this, the manufacturer provides a replacementmairgrovided that the following conditions are met

1. The device has not been used improperly or stitjancorrect treatment.

2. The deficiency is not due to damage caused @Hfteipt of the delivery by the customer.

3. No modifications or maintenance work has beenezhout by unauthorized persons or work whichsdpet
comply with the given instructions.

4. The deficiency is neither totally or partiallyelto causes external to the device or due todhaeaction of the
device with other unapproved or inappropriate disjec

5. All transport and insurance costs for the retifrthe device to the retailer are paid in adveamgcéhe customer.
6. The postal charges for return of the repairedcgeare paid by the manufacturer or retaileréf tlotice of defects
is legitimate and within the warranty period. Iistis not the case, the costs for processing, esliand insurance,
as well as the costs for repair or replacementsizaieged to the customer.

7. There is no obligation on the part of the maatufier outside of the warranty claims describedvabo

8. This manual can be changed or updated at amywithout prior notice. The General Terms and Comal are
also valid.
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14 Ownership Information

(M )HORN® _
ML is a registered trademark of Dr.E. Horn GmbH.

15 Copyright

© 2015 Dr. E. Horn GmbH. All rights reserved.
This manual and the information contained withintluding extracts, must not be reproduced,

copied, transmitted, transferred, saved to a dateegsing system, or translated into another lan-
guage without written permission from the manufeetu

This manual has been compiled with great care. Hower, if you should find any errors, please contaats.
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