COMBUSTION
ANALYSIS

SYSTEM

DS-3000 Series

High-speed processing for the next level
of combustion analysis!
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The ultimate combustion analyzer

for research and development on increasing
fuel efficiency and downsizing engines.

LSS/ SIS/ /777777777,

With the ongoing research and development for improving combustion technologies (HCCI, EGR, etc.), new
power sources (HEV and PHEV) and new fuels (biodiesel and natural gas) and the quest to increase fuel
efficiency with a smaller engine, combustion analyzers are in greater demand than ever.

Succeeding the DS-2000 Series combustion analysis system, which have the largest market share in Japan,
the DS-3000 Series combustion analysis system meets growing expectations with its new,

more powerful hardware.

e -

Engine

Features

@ Supports multiple types of fuels
(Liquid fuel, gaseous fuel)

® Measurement and calculation in real time
@ Trend display in real time

@ Supports start / stop combustion testing
® Enables measurement without an encoder

@ Linked with other companies' products

DS-3000 Series combustion
analysis system

Combustion pressure, ignition pulse, INJ pulse, etc.

Crank angle

Crank Angle
Detector
(CP-5730, CP-5110B)

Crank Angle Amplifier
(CA-6000B)

Other low-speed analog inputs, CAN input (air pressure, intake pressure, flow rate, etc.)

vV VVvYy

D/A output

Maximum cylinder pressure (position),
Mass rate of fraction burned, etc.

AC adapter: 60 W type (100 to 240 VAC / 1.4 A) /
150 W type (100 to 240 VAC / 2.5 A) sold separately
DC power supply: 10.5 to 16.5 V
Power consumption: 27 to 67 W
Operating temperature range: 0 to +40 °C
(With no condensation)
CE marking: conformed
The number of maximum units: 9 units (DS-0380: up to 28 ch,
DS-0381 /0382: up to 32 ch)

Weight: approx. 3.1 to 8.5 kg
Interface: USB 3.0 interface (USB 2.0 also can be used, however

data transmission speed is slower than using USB 3.0)

Note: 150W type AC adapter is required in 5 or more units.
(Cooling fan is attached.)

1 DS—3280 Combustion Analysis Main Unit

Input method: single-ended

Input impedance: 100 kQ

Coupling: AC or DC coupling

Voltage range: +10 V

Absolute maximum input voltage: +45 V

Minimum input voltage: 1.0 Vp-p

1 P/Rinput: 0.5/1 P/R

Angle pulse input: 180 /360 / 720 / 1800 / 3600 P/R

Isolated between “1 P/R input, angle pulse input”, “External start
input” and “Status output” (Common of 1 P/R input and angle
pulse input is shared.)

Input format: TTL or non-voltage contact signal
Internal pull-up resistor: 100 kQ connected to internal +5 V
Minimum pulse width: 10 ms

Output format: TTL

4 ch Combustion
3] ps-0380 AT |

The number of input channels: 4 ch / unit (Max. 28 ch)
Input method: single-ended
Isolation: isolated between units

(COM signal of 4 inputs in an unit is shared.)
Input impedance: 1 MQ
Coupling: DC coupling
Voltage range: +0.1/0.2/0.5/1.0/2.0/5.0/10.0 V
Absolute maximum input voltage: +50 V
Offset voltage: +100 % voltage range F.S.

(Error: £1.0 % or less)

A/D resolution: 16-bit sequential transformation type
Sampling frequency: max. 1 MHz

H a I dwa I e L1/ 7777777777777/ /77777

DS—3284 4 ch Combustion Analysis Unit

Assemble example:
8 ch high-speed A/D input + 16 ch low-speed A/D input
+ 16 ch D/A output + 2 ch sound & vibration input

16 ch Combustion
4 | DS-038l Analysis Low-speed A/D Unit

The number of input channels: 16 ch / unit (Max. 32 ch)
Input method: single-ended

Isolation: non-isolated

Input impedance: 1 MQ

Coupling: DC coupling

Voltage range: +1.0/2.0/5.0/10.0 V

Offset errors: 0.1 % F.S. or less

A/D resolution: 16-bit multiplex method

Sampling angle: 45°

5]0s-03%2 ST

The number of output channels: 16 ch / unit (Max. 32 ch)

Output method: single-ended (Common of each channel is shared.)
Isolation: non-isolated

Output impedance: 1 Q or less

Load impedance: 10 kQ or more

Voltage range: +10 V

Maximum output current: +1 mA

D/A resolution 14-bit

Settling time: 100 us or less (From -10 V to +10 V)

Coupling: DC coupling

6]05-0366 JCTETRT R

The number of input channels: 2 ch

Input method: single-ended

Isolation: isolated between each channels

Input impedance: 1 MQ

Coupling: DC or AC coupling

Voltage range: -40 to 20 dBVrms
10 dB step, 7 range

Residual offset: -60 dB F.S. or less (0 to 20 dBVrms range)
-45 dB F.S. or less (-40 to -10 dBVrms range)

A/D resolution: 16 bit

Sampling frequency: max. 100 kHz

Power supply current for sensor: 24 V/ 4 mA
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DRIy W Combustion Analysis Software Analyze smoothly on the time-axis using with the 0S-2000

Basic software of combustion analysis including monitor, measurement, The TDMS file conforming to ASAM format can be output. The following data are stored in the TDMS file: actual
calculation, and data storage functions. measured a_ngle _aX|s data including m_ternal cyllnt_:ler pressure signal and TDQ calcqlatlon fiata V\{l‘!lch is used to
check the time difference of combustion calculation result (NMEP, combustion weight ratio position, etc.).
( . . . ) By importing the TDMS file to the 0S-2000 series, the phenomenon of angle axis data is analyzed while checking the time axis difference of
© diagram List display the combustion calculation result in 0S-2000 series.
> < The 0S-2000 can import the performance data file (.thd) measured by FAMS and ECU data (.mf4) measured by INCA made by ETAS
. . . corporation. With the 0S-2000, the three data files (.thd file, .mf4 file, and TDMS file) can be synchronized on time-base, and compare and
P-V diagram Real-time list b ( ) v P
\ ) analylze the data.
s . . .
Easy operation Data information |
. measurement panel display ) -
s A r— 1
Cycle trend Digital display : 8
> < Cycle information o [ ) NN L I . T ) _@_ _b___b__ o) _Q....Q.. 3
' 17 1 ] A A A A A L L LA
Frequency display S| Mossage log display e B L T R R R R R e RS
I i \ y,
Engine rotation speed A,—r"—‘“"“"w" |
[y =)
. _ o o re— B . ) ) ) » ) )
@ The number of input pulses: 180 / 360 / 720 / 1800 / 3600 P/R List display, trend display: (Digital congression : i i kit conmten combintion
) . . Engine speed, Maximum value and position of cylinder pressure, Heat |
@ Angular sampling resolution: 0.05 /0.1 /025 /0.5 /1.0 release quantity, Position of mass rate of fraction burned (every 10%), g IR S T S e I \_l—‘ l_l—[_ ‘_L—’_ \_\—,_ l_l—[_ LJ
@ Input rotation range: 0.05%10 to 8,000 r/min Combustion efficiency, Combustion start / end position, Center of gravity NMEP ~_r""l.‘|fﬂ
0.1°:10 to 16,000 r/min value and position of heat release rate, Maximum value and position of i
0.25 / 0.5 / 1.0°:10 to 25,000 r/mi combustion chamber gas temperature, Constant volume ratio, IMEP, NMEP,
} © rmin COV, Weibe function value, Fuel injection start / end position, Center of PMEP ;erﬁww‘w‘mfuu«mw\rm | T LY 1
@ Test mode: Manual, auto storage, starting test gravity value and position for injection rate, Others: P-V, Log (P-V) . — / / 7 it ‘W" I { \
@ Setup specification (Environmental, engine, and fuel specifications) . . - /l l\ e LM -
-Specific heat ratio calculations are possible, based on the Easily focus to the point
entered fuel composition corresponding to thermodynamic @ Overlaying / Multiple cycle window H
calculation of liquid and gaseous fuel. With this application software, it is possible to overlay a selected set of by scroulng the mouse. T e a4
Liquid fuel: Setting of composition weight ratio for C, H, H20, O, S data, one over the other. It is also possible to overlay the results of the \_‘—— 4 B Time axis (1 ms interval)
Gaseous fuel: Setting of element ratio for C, H, O current calculation over the calculation results of another CBD/CBDR file, ;_l
+EGR ratio, i.e. re-circulated gas weight, is calculated. and to overlay multiple cycle data one upon the other on the calculation —
@ Voltage monitor function o ;eslultls screen.l o e . ) ) g Time axis and angle axis
. . alculation results, both real-time and intermittent, shown on the same trend window .
® 1 P/R and ANGLE pulse monitor function Real-time and intermittent calculation results can be paired as desired and H0|d|ng the angle are able to move
@ Al cylinder TDC auto correction function shown in up to ten windows. Up to 20 functions can be shown in one aXi S data enabl es SimUItaneOUS|y by cursor.
- Corrections based by motoring and gap sensor window. the displ f J
@ Drift correction / physical quantity setting function L Calc_:ulated waveform W|_ndow data export e I sD ay o
O diagrams and trend windows data shown on the screen can be exported PV dlagl“am
@ Analysis function as CSV files or in Metafile format. X

List view, Crank angle diagram, Cycle trend diagram, Filter @ Others
process (Moving average, FFT filter), Calculation method
(Precise, Simple, K constant), Coolant loss ON / OFF,

Selecting the correction expression and changing of heat transfer
coefficient, Measurement of low-speed A/D,

high-speed A/D environmental specification value

Auto storage measurement, Simple operation measurement, External start
input, Calculation cursor, Averaging process of calculation monitor,
Setting for text file output format, Output of absolute angle text file,
Continuous calculation / Environmental specification file reading function,
Graph scale zooming function, 1 P/R and 1 P/2R measurement function

@ Calculation functions
Crank angle diagram:
Stroke volume, Internal cylinder pressure, Internal cylinder pressure increase rate, Heat
release rate, Heat release quantity, Mass rate of fraction burned, Combustion gas PV diagram
temperature, Injection pressure, Fuel injection quantity, Fuel injection rate, Needle
valve lift amount, Arbitrary specified physical quantity, Gas weight, Gas constant, etc.

Low_speed A/ D |n p ut fu n CtIO n M Angular resolution and the maximum number of measurement cycles

Angular The number of Recording time

. . . esolution[ °] maximum cycles (1, r/min average) - i i
By adding the DS-0381 16 ch Combustion Analysis T 5000 ‘ o. 2 The 0S-2000 series a||OV\-IS you to edit
Low-speed A/D Unit, environment specifications and other 01 4,000 Approx. 5 min and analyze long time-series data freely
0.25 10,000 Approx. 10 mi i
data can be measured. Measurements, made every 45°, are 05 26,000 Anprox. 20 min — . thf”’t is not able t‘; be handled by
averaged out to obtain the representative cycle value. 1.0 20,000 Approx. 20 min 3;:33:;;;:58:;‘;‘?;:"“ L — M|<':rosoft® Excel®.
This software can handle data formats

H D|g|ta| Output fu nct|0n of recorder made by other company as well as general-purpose formats including

Analog OUtPUt funCtlon CSV and WAVE. The waveform of different sampling data are displayed

As the standard function of DS-0378 Combustion Analysis Pulse
Input Unit the operating status of the combustion analysis system
can be output as TTL signals. When building the measurement
system using with start signal and timing signal with other
measurement instruments, the sequence taking into account the
operating condition of combustion analysis can be created.

simultaneously and overlapped. You can divide, move, zoom in and out waveform
freely. There are various functions such as playback, FFT analysis and sound
quality evaluation.

By adding the DS-0382 16 ch Combustion Analysis A/D Unit,
calculated combustion values can be sent out as voltage signals
during calculation monitoring. The combustion parameters whose
functions can be shown in calculation monitor are programmable.




SOftwa re Option functions
Combustion Data Link Function SYNC Measurement Function

This function enables the link measurement between the DS-3000 series combustion analysis system and the customer's bench system. The engine start/stop test mode of the DS-2000 series/DS-3000 series combustion analysis system have supported the engine unit test of vehicles equipped with
idling stop system and hybrid vehicles for many years. In recent years, the mode tests such as JCO8 mode and NEDC mode have been performed on vehicles that are
closer to finished vehicles to evaluate their performance. Selecting SYNC measurement mode enables users to utilize more the current engine start/stop measurement.

@Data communication through TCP/IP sockets. @The calculation can be performed by referring to the performance N X ; ) . . . .
@Synchronized recording of performance data and combustion data (atmospheric pressure, fuel flow rate, etc.) measured on the DS-0329 Knocking analysis function cannot be used with this function at the same time.

analysis data can be achieved by linking with bench system. bench test as the setup specification data for combustion . — J
@The measured data can be saved as a combustion analysis data analysis. B Engine start/stop test mode [ Data less than one cycle

file (* .CBDR) or text file (* .CSV) The measurement starts simultaneously with the N N \ A |
initial movement of the crank axis. This is the / \K / \ f\_/_}z A % o j

standard function to monitor the ANGLE signals

System configu ration example Sequence example always and to perform automatic file storage ) 8 e 8 b m AR
immediately after stop of the crank axis. Vehicle speed [kmméh]_
Engine __ Revolution speed S 0 | Example: NEDC mode test
Driving e - 100
Performance data pattern Measurement for SYNC measurement mode ::
Bench 30 sec In this mode, you can perform monitoring and &
system —_ analog output of the calculated results while 20
Internal cylind Measurement Calculate by referring to the starting measurement in the engine start/stop test &% s i s i it
nternal cylinder Control panel Measure 200 setup specification (atmospheric
pressure data command fuel fl te. et mode.
. = DS-3000 3 cycles l pressure, fuel flow rate, e c.)
Combustion series #1 NMEP [kP kEnglne is under suspension.
analysis result . a] l ‘ l ‘ ‘ l ‘ ‘ * ‘ l
— Combustion ) 0_0__00_0___0.0__
analysis system l Hl Total time stamp |
— The measured data can be saved as a ina i |
Setup combustion analysis data file (* .CBDR) | i When th_e engine is repeatedly started and .
specification or text file (* .CSV). stopped in the mode test, the measurement files er ﬂu r{ﬂl‘ " L,..J
are output as shown in the right figure. Since the LH.IP I
each file has total time stamp information based 500
on the first file with 1 ms accuracy, the temporal File5_0290.010(s] File10_0617.332(s]
.FAMS'BOOO/ FAMS-R5 Data merge function DS-3000 series | Combuston | | Combuston | | Comtustin continuity of files are maintained even if they are File4_0225.201(5]) (File9_05916321s]
Combustion ‘ ® : ‘ ® ‘ ‘ @ : Combustion analysis reslts can be divided. Fle3_01935981) Fled_0452.4141)
The average of combustion analysis result Measurement@ analysis system automatically merged with FAMS File2_010542215] File7_0425.88715] File12_0774.663(5]
saved every one-step measurement can Measurement(@), measurement results. File1_0000.000[5] File6_0395012[5] File11_0678.108[s]
be automatically merged with the general
recording data of FAMS. After a series of 0 200 400 600 800 1000 Time[s]
step measurements are completed, you TXT  FAMS result® TXT  EAMS result®  Comsioadiss D
gzgoa?]tglgebr?g:r;gre\cceoggsg? ;:nsaalﬁels F AM S FAMS result® —l FAMS result®  Conbuston nasisesut@

time. Thus, you can save time to arrange t‘;Vge” msastlf'eme”‘l islpe'fo"lTi‘e(!”i;eW times, FAMS result® FAMS result® - Cmbinadssre®
& H compoustion analysis result wi .
data in secondary processing. automatically saved every measurement. D S = 0 3 83 CA N M ea s u re m e nt Fu n Ct I 0 n

This function enables to measure by synchronizing the combustion analysis data with CAN data which is indispensable for automotive control. Since two channels are

q Q available, you can not only measure the RAM value in the vehicle, but also acquire information from the control system and other instruments using CAN communication.
DS_0365 |NCA Llnk FU nCtlcn Vector's VN1610CAN interface is used as the CAN communication system (included in the options).
This function enables link measurement with ECU calibration tool, INCA made by ETAS. The difference at the start of measurement between the ECU System conflguratlon example
performance data and the combustion analysis data is adjusted, and the data is transmitted by adding time information to the combustion analysis result
for each cycle. Thus, the accuracy of synchronization can be maintained within one cycle. : VN1610 i | CAN Measurement detail
H H H H . USB *Number of port: 2 ports
SyStem Conflguratlon example INCA dlsplay Image Engme CAN Interface -Number of data acquisition: Max. 32 ch (sum of two ports)
ECU| -Baudrate:  33.333 kbps/50.0 kbps/100.0 kbps/
- A % : 125.0 kbps/250.0 kbps/500.0 kbps/
e f— T Vehicle Spead : . 1000.0 kbps
L O J \ tkm/hl : DS-3000 series  : | -sample clock: 1000 Hz/500 Hz/200 Hz/100 Hz/10 Hz
: Combustion analysis : | -standard ID (11 bit) , Enhanced ID (29 bit) are supported.
ECU parameter : system : +Loading CANdb file (.dbc) is supported.
Internal cylinder i Thoste N d::=1|._CH A e :
pressure data INCA Soake : oo
ES series M - U B Assignment of specification data via CAN communication
————— ' The items measured by CAN can be assigned to the combustion calculation data
M 1 CANcable 2Y Y 8

Timing Advarce

(CylH1) — CH B as environmental or fuel specifications that are required for the combustion
Combustion (deg. BTDCI ':L!"_ : calculation. Since this function enables to perform the assignment of specifications
analysis result instead of using high-speed A/D units or low-speed A/D units, there is no
—— S troublesome of wiring or the noise influence caused by the analog signals.
LAN — #1[kgﬁr3nEP Control panel e.g.) The boost pressure measured on the bench is output by CAN and measured using
DS-3000 series INCA : the CAN measurement function of combustion analysis. By assigning the boost
Combustion *This function supports INCA Ver.7.1.xx and 7.2.xx. pressure as the item name "Intake manifold pressure", the absolute pressure
analysis system correction of the in-cylinder pressure signal can be performed based on the boost

pressure.
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Knock Expert Function y4:JW Transient Combustion Analysis Function

The knocking phenomenon of engine is detected by the engine sound captured with a microphone. Knocking calculation is processed in real With the [_)S-0328T Transient Combgstion Analysis Function, you can measure more than the upper limit of the standard speciﬁ_ca_tions (20,000 cycles).
time without missing any cycles. Knocking calculation result can be displayed in the calculation monitor or trend display, and also be output Itis effeptwe for actual derlng tests in urbap areas and long run tests such as JMEC mc_)de (test mode for creating transient emission and fuel consumptlop maps).
in analog with the 16¢ch DS-0382 Combustion Analysis D/A Unit. For engines that operate the idle stop function, the DS-0335 SYNC measurement function should be used. * DS-0339 Knock expert function cannot be used at the same time.
System configuration example Since data is cut out from the e.g.) JMEC mode test
time-series data of microphone Vehicle speed [km/h] .
1st cylinder pressure /\ A/ /\ /\ /\ according to the processing angle i p B Simultaneous throughput measurement method
. range of each cylinder, it enables i In th in th dard function. the original ded d h
Intemal cylinder pressur 540° - -3 . X 100 n the measurement process in the standard function, the original recorded data sucl
Interal cylinder temal cylinder pressure ]\ \ f Y /\\ /\ to perform knocking calculation for n as internal cylinder pressure is temporarily stored in the memory of the PC, and then
pressure sensor 2nd cylinder pressure up to 4 cylinders at the same time % re-processed and saved in the hard disc area of the PC.
180°-> YV'th one microphone. . % While, the transient measurement function operates in the simultaneous throughput
Angle . J\ /\ /\ /\ It is not necessary to install a M 4w s 0 o0 um w0 im0 #m o um 2w measurement method by sequentially storing data in the hard disk area of the PC.
sensor 3rd cylinder pressure internal cylinder sensors on all o Engine speed [rpm] “  This enables it to measure for long time and multi-cycle measurement.
—I 360° -+--+---3 cylinders. “ | THC[ppm] =
o | A A A A - - TR “ M Narow f analysi
Engine oo ::1 Eagﬁtjzfiltlﬁglem 4th cylinder pressure Fr’]erform the (;rzquenc;(/j anarl]y3|s of . - Narrowing down the range of analysis
icrophone e ) the extracted data, judge the
p 22'2235:3'13 ﬂ]oe:g, Irt e.s presence or absen cJe o% knocking a Timel - ] 0 Narrowing down the desired range of the overall measurement results is the most
ul . . .
with an anlglel§egsorand :\Ilicrophoned ) JW'MI rw\) i *.l, M}IWW“ v“\ﬁvililW\ J_; M, for each mode (determined by ime ﬁqﬂetzcst:]\:: nr]r;t?;)jnic:ir;nalyzmg the very large data measured by the transient
an internal cylinder time-series data H H i O R DO B s : N
pressul[e sensor (atllleast gé?gﬁ;gﬁ;ﬁ:éaggg)’csm der has e — e : : — — m Focusing on the area around the extreme increase in THC (total hydrocarbon)
one cylinder) as well as ] ; g | emissions throughout the test, you can analyze if the combustion conditions before
the normal combustion knocking or not by taking OR - A .
1 P/R. analysis. i — . iudgment - .\ and after, or other items (ignition, injection timing, etc.) are appropriate. (see the
ANGLE A LA | Judg : LUM\_,‘M‘/ ~.] \V\Jh'\ Mh V i graph left above)
\c - Knocking 0 e | @0 | @i [ e | .y Pl 20000 [c 1
! I ycle] ] . . . .
- udgment i A { : Il Performance when used the DS-0328T Transient combustion analysis function
P S N g 2 | Ol O|O e Ty | -
! - TR TN T R T ML L W W P ML ALAALULIERA [ 7 TS Angular Resolution[ °] | The maxinum numberof cyces | Recording time (1,800 r/min average)
DS-0380 4 ch Combustan T : S — 0.05 30,000 Ab i
804 ch . ) ) T — e x . out 30 minutes
M Knocking The knocking calculation results L [t 2 "
index can be displayed as knocking ) :‘J\ | —— i | 0.1 60,000 About 60 minutes
ange Input Unit judgment, knocking occurrence ) S \ s 0.25 100,000 About 110 minutes
DS-0382 16 ch Combustion d knocking index i d ,J \ L S N -
82 16 ch Combustio T rate and knocking index in tren ; 05 100,000 About 110 minutes
Analysis D/A Unit L display, and also supports the A D han 20.000 | - 2 -
Calcule_mon results can be . L . . frequenc rocessing function, the P — ata more t an ’ cyc es 1-0 100,000 About 110 minutes
qf Yy pi g \
output in analog. Knocking The knocking index is defined as an index that the number . C s ;
index: of knocks per unit time is calculated by the instantaneous judgment results regls_tfatlon and ! - : - can be analyzed (33553rd CVCIe). . *The above is the case when the number of measurement channels is 4ch.
*DS-0366 2ch 100 kHz band input unit is required to purchase together. rotation speed. It can quantitatively evaluate the frequency the DS'_03_63 calcul_atlon It varies greatly depending on the processing contents and the number of channels used.
*If you have any questions related to the purchase, please contact your of knocking regardless of the rotation speed. customization function.
nearest sales office.

DREIE{IY Encoderless Measurement Function

i A i The encoderless measurement function is useful when it is difficult to install a crank angle sensor such as CP-5730 or CA-6000A, or when
DS—0329 Knocklng AnalyS|S Funct|0n you want to measure using a rotation signal other than the specified angle pulse. If the crank angle sensor cannot be installed, the missing
teeth pulse signals equipped inside ECU are used as the rotation signals.

The knocking phenomenon of engine is detected by monitoring for disturbance internal cylinder pressure signals. Knocking calculation is

processed in real time without missing any cycles. Knocking calculation result can be displayed in the calculation monitor or trend display, Setting example: S ——— 36
and also be output in analog with the DS-0382 16ch Combustion Analysis D/A Unit. one missing tooth e
. . portion Sl

System configuration example pr o T Speeun P R

ms.n a i iFa, marem ]
Internal cylinder pressure ‘liv“h?('_-’t - ,/\ i . 09 l
‘ nockin : ' . | — 0 - S 360 [deg]
g \ == — e Two teeth of signals are missing. )
-1000.4) -a0. i -250.0
B T T P ST T W W0 %W D
Internal cylinder i " o -

l Auto periodic multiplication method

pressure sensor ﬁ?nd pass
Angl iiter The encoderless measurement function uses the auto periodic multiplication method, which uses the pulses at that moment to perform sampling. The measurement accuracy is
ngle e i S maintained and the measurement is stable even during transient operations.
sﬂl C Knocking peak value * Predictive multiplication
With Sampling method while predicting the current pulse based on the period of the previous pulse. In this method, if the number of pulses is small, the measurement accuracy may
knocking Lok 0.9 decrease especially when the measurement is made that includes transient changes, as shown in the figure below.
Engine . .
g ! ¢ M Engine start measurement with a few pulses
1 P/R‘ HLEUE P 0T 0B P O W
ANGLE NMEP[kPa] Engine speed[rpm]

6000

DS-0378 Combustion
Analysis Pulse Input Unit

4000
Peak
DS-0380 4 ch Combustion o value
Analysis High-speed A/D Unit i i
DS-0382 16ch Combuston Knocking
i iud t M LK I L LIkl I L L _l | ]_l — 360P/R multiplication division method (standard)
Knocking calculation result Judgment i3 10l i = = I = - u o iodi Itiplicati hod derl : :
can be output in analog. —— Auto periodic multiplication method (encoderless) 0 100 200 300 400 500

Knocking judgement is performed by indexes such as peak value, integrated value and RMS value. — Predictive multiplication method (DS-2000 series) [cycle]




e ee

‘ i i signal 2000
Internal cylinder i — 1000
pressure sensor A\ N\

Angular

S

CIL7 /LSS SIS/ /7777777

R7/*WCrank Angle Pulse Period Measurement Function

This function measure the period between crank angle pulse signals from the angle sensor. As the measurement results are recorded for each
angle, it enables the user to check the fluctuations in rotation over one cycle. By using the time information for each pulse, you can improve the
accuracy of text output, TDMS file output and data conversion from angle to time data in the DS-0335 SYNC measurement function.

5000~ \ , \ , \ ,

System configuration example

Internal cylinder Angle
pressure pulse

Internal cylinder pressure [kPa]

T~ ——
—Crank angle pulse cycle [us]

ensor I Measures an angle pulse period
%It supports the DS-0360 Encoderless
measurement function. The cycle
between the actual pulses of the

4000 —— Internalcylinder pressure 1 (kPe]
—— Internalcylinder pressure 2 (kPe]
—— Internalcylinder pressure 3 (kPe)
Interalcylinder pressure 4 [kPe]

Engme lacked tooth signal is measured. 360 0 ' 360

Crank angle pulse cycle [us]

ANGLE

Il Analysis example of 4-cylinder pressure data and pulse period data

By measuring the period of the angle pulse signal used for
sampling the internal cylinder pressure, the rotation fluctuation of
the crankshaft in response to changes in the cylinder pressure
waveform can be checked.

The measured time information can be displayed in both cycle
data units [us] and rotation speed units [rpm].

If it is the start measurement, you can evaluate whether or not the
target rotation speed range has been reached with the expected
number of explosions.

me Fluctuation Analysis Function

This function enables the calculation of engine torque data taking inertial force and frictional force into calculation based on the internal
cylinder pressure of each cylinder.The torque calculation results can be displayed in the calculation monitor and the trend display. Also
analog output from the DS-0382 16CH combustion D/A unit can be provided.

B Improving the angle-time
conversion accuracy

Turning on the DS-0349 Crank Angle
Pulse Cycle Measurement improves the
angle-time conversion accuracy.

e.g.) Absolute angle text file (time axis
output), TDMS file output, DS-0335
SYNC measurement function

Internal cylinder pressure per cycle (4 cylinders)

4000 Torque is calculated based on
the engine piston model from the

3000 internal cylinder pressure
measured for each cylinder.

2000 The values set in the engine

specifications is used as the
parameters of piston for the
calculation.

1000

Internal cylinder pressure[kPa]

Crank angle[° ]
Torque fluctuation per cycle

By registering the calculation
results in the Overlap/Multiple
Cycles window, you can check
the torque fluctuations within one
cycle.

Torque calculation values for
each angle can be output in
analog form.

Torque[Nm]
g

Crank angle[° ]

720

1 P/R. Crank angle [°’ATDC]

4 N[ Ny
@Cylinder average engine torque Oylinder average sngine forse @ Image of analog output value of engine torque
The cylinder average engine torque, which divides 100 If there is a sharp
one cycle of the calculated engine torque by the — 1cycle fluctuation in torque
number of cylinders and plots the average value of € = within one cycle for
each section can be displayed in the trend display. <, i Z the analog output, it
It takes into account the order of cylinder % El can be output with
explosions, which is difficult to express in the g 38 /\\ g J—— a moving average
normal trend display. [ — Average orue outpu filter applied for one
For example, it makes it easier to check torque a0 U AT ome B OFF cycle.
fluctuations over time when the rotation speed Cycle ;
fluctuates rapidly. T

\ J L angle[” ] J

mﬁon Customization Function

The customizing calculation function can create up to any 10 arbitrary calculation expressions by combining the trend calculation results that are
output for each cycle and four arithmetic operations.
e.g.) When the average of knocking index for all cylinders in the DS-0339 Knock Expert function is registered,

[Average of knocking index for all cylinders] =
Cylinder(1) knocking index + Cylinder (2) knocking index + Cylinder (3) knocking index + Cylinder (4) knocking index / 4

=== Trend window

. The created calculation
me . .
ez ey ".'J‘l,— expression is calculated at
LB W wm m m wm m s o each cycle.
Analysis resul = Engine Spesd Like normal trend calculation
indiidual display window | 1, 22 results, they can be
registered in the trend
" KGRI fr o oioes = window and incidence
. ' s . .
=== Incidence calculation TR calculation window, so the

results can be checked
during the calculation
monitoring. The calculation

| i | expression can be registered
in the judgment result output.
The judgment results can be
checked in the window, and
can also be registered in the
analog output and
measurement start trigger.

> Judgment
result output

VS it e ~

| T

o W W T I HE W D

=== Analog output

mc:ombustion Noise Analysis Function

The measurement and evaluation of combustion noise is indispensable to
meet the requirements of engine noise reduction these days.

combustion pressure

CPL (Cylinder Pressure Level)

This function calculates CPL (Cylinder Pressure Level) from the internal i | i e e ———
cylinder pressure, and CNL (Combustion Noise Level) from the structural i.l\l. @Tﬁ Fef i aa
attenuation of the engine. ] L fne
-Calculation monitoring, trend display, and numerical display are A - — : .
available. : i structural attenuation
+Combustion noise can be analyzed from the data sampled at the same
angle as the combustion analysis. L L R

Combustion noise

The internal cylinder pressure generated by combustion is transmitted
through the internal structure of the engine, turns into outer surface
vibrations, and is finally emitted as noise.

During the combustion noise generation process, the internal cylinder
pressure energy receives a certain amount of attenuation due to the
engine structures while being propagated (structural attenuation), instead
of turning directly into combustion noise.

DR IREY. I Multi-Stage Injection Calculation Function

This is the analysis software for engines that inject fuel multiple
times. Multi-stage injection calculation can be performed for '(
engines that have multiple injectors. Measurement items related to initial injection rate

fuel injection and combustion can be calculated up to 10 stages.

CNL (Combustion Noise Level)
i = O e

&0

main injection, high injection pressure

after injection

/

i i o i pilot injection
M Calculation items to each injection
Max. injection pressure, max. value position, valve opening pressure, fuel
injection start/end position, center of gravity value for injection rate, center of
gravity position, ignition delay angle

B Calculation items to each combustion _‘

Heat release rate center of gravity position, center of gravity position,
combustion start/end position, cylinder pressure and gas temperature in a
combustion chamber at combustion start position

pre-injection post-injection

\

%It is necessary to input the needle value lift amount when using this function.




Outer dimensions

[Front view]

[Rear view]

272

=0
A —

160

104

(Unit: mm)

[Top view] (A ——=i)
O (o)
onoforca 8 =
(0} (0}
0 HZS7D T
271

Operating environment

CPU: Intel® Core™ i5 or more

Memory: 4 GB or more

Interface: USB 3.0 interface (USB 2.0 can also be used,
however data transmission speed is slower than
using USB 3.0)

0OS: Microsoft® Windows® 7 Ultimate / Professional
(64/32-bit)
Microsoft® Windows® 10Pro (64/32-bit)

Microsoft.NET Framework 3.5 or later is supported.

CP-5110B

<

Crank Angle Detector

(Slit disk is required.)

[Rear view]

[Side view]

Peripherals (sold separately)

CP-5730
(Slit disk is
2

»

.

Optional functions and hardware

CA-6000B

included.)  Grank Angle Amplifier

DS-3000

Optional functions (DS-0380)

DS-2000 B version
(DS-0280B)

DS-

2000 A version
(DS-0280A)

DS-2000
(DS-0280)

DS-0328T Transient combustion analysis function

DS-0329 Knocking analysis function

DS-0335 SYNC measurement function

DS-0336 Combustion data link function

DS-0337 Combustion noise analysis function

DS-0339 Knock expert function

DS-0349 Crank angle pulse period measurement function

DS-0358 Multi-stage injection calculation software function

DS-0360 Encoderless measurement function

DS-0361 Torque fluctuation analysis function

DS-0363 Calculation customization function

DS-0365 INCA Link function

OJj0|0O|O|0|0|0|0]0 00|00

DS-0383 CAN measurement function*2

x |x|0l0Qololx|00x |00

x|x|0l0|Q|olo|x|0]0|x |00
X |X|Ox|x|O|x[x|O|O[x OO

*1: When the DS-2000 series is connected as measurement unit, the accuracy will be lower than when the DS-3000 series is connected.

*2: Hardware option (VN1610 CAN interface) is required to use this function.

*Microsoft® and Windows® are registered trademarks of Microsoft Corporation in the United States and other countries.

Other product names and model names are trademarks or registered trademarks of
The copyrights are reserved by each individual company.

each individual company.
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