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Introduction

Congratulations on your purchase of the Firstl®altomotive engine diagnostic sensor.

This is yourfirst step down a road of easier and more accurate engine diagnostics. The FirstLook
sensor wil |l give you a hileitisiruneingof an engi neds |

Tests can be set up and run within minutes of parking the vehicle in your service hagimpty
attach the sensor to tk&hauspipe or to the oilevel indicatortube and run the test.

Once you have | earned how to fAireado the sensor
rings and other engine performance problems as quaskiyou can run the tests.

When a customer says t he @caghelmysu idestfy thaproblenmmngpref u n
quickly and complete the job in less time. This helps your bottom line and it can make a happier
customer.

You can make Firtbok® part of your routine service work. Then, you can include engine
performance when you review your servitecklistwith your customer:
AWetestedengine operation. Compression across cylinders, valves, rings
all seenedto beworking nornally during the tests 0 (Or not.)

You will find FirstLook® to be a valuable addition to your diagnostic tool kit.

Before we go further, check the websitayw.SenXTech.comto see if there is now a more recent
version ofthis Users Guide.

Now, | etds turn the page and get started.
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Warranty
SenX Technology, LLC warranties the products described herein for a period of 1 year under normal

use and service from the date of purchase, that the produbewiiee of defects in material and
workmanship. This warranty does not cover ordinary wear and tear, abuse, misuse, overloading,
altered products, or damage caused by the purchaser connecting the unit incorrectly.

THERE IS NO WARRANTY OF MERCHANTABILITY. THERE ARE NO WARRANTIES
WHICH EXTEND BEYOND THE DESCRIPTION HEREIN. THERE ARE NO WARRANTIES
EXPRESSED OR IMPLIED OR ANY AFFIRMATION OF FACT OR REPRESENTATION
EXCEPT AS SET FORTH HEREIN.

REMEDY

SenX Technology, LLC sole responsibility and liability, gnachaser's exclusive remedy shall be

limited to the repair or replacement at SenX Technology option, of a part or parts not conforming to
the warranty. All products requiring warranty service shall be returned to SenX Technology within 1
year of purchaseshipping prepaid. SenX Technology will return repaired or replaced products to the
purchaser via prepaid ground transportation. In no event shall SenX Technology be liable for damages
of any nature, including incidental or consequential damages, inglbdimot limited to any damages
resulting from norconformity, defect in material or workmanship.

Neither SenX Technology LLC nor its affiliates shall be liable to the purchaser of this product or third
parties for damages, losses, costs, or expensasaddyy the purchaser or third parties as a result of:
accident, misuse, or abuse of this product or unauthorized modifications, repaltsrations to this
product, or failure to strictly comply with SenX Technology's operating and maintenancetiossu

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of SenX Technology,
LLC.

FirstLook® and SenX Technology are trademarks of SenX Technology, LLC
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Test Summary

Like living creatures, each cylinder on the engine breathes in (intakes) and breathes out (exhausts)

every cycle. The FirstLo6ks e n s o r

S i g n a tyaurlabcopen

This table shows the tests you may run with your FirstP@@nsor system and the purposes of each

measur es

t hese

puffs of

test.
Test Sensor Placement
Condition Exhaust Crankcase Intake Vacuum
Cold Crank | Use to check Use to check | Use to check
exhaust valve train confirm intake valve train operation
operationpossiblepiston piston blow | heads; head gaskets
blow by; relative by
compression between
cylinders
Idle Use to check Use to check | Use to check
possiblemisfires; confirm intake valve train operation;
possible piston blow by; piston blow | heads; head gaskets
relative conpression by
betweercylinders
Power Use to check Use to check | Use tocheck
Brake same as fdrl dl ¢confirm same as Ol dl ¢
problems that show up undg piston blow | problems that show up unde
load or only intermittently | by load or only intermittently

SenX recommends including a trigger signal when testing engines withigpaek combustion

(spark plug engines). This will identify suspected problems by cylinbee. spark signal to cylinder
#1 isusuallyused for the triggerHowever triggers arenot required. Anyestmaybe run without a

trigger signal.

ai

You could run all the tests for a given test condition at the same time. For example, you calild run

threehot engindests Exhaust, Crantaseand Intakewith a triggerat the same time. This requires

two additional sensors (sold separatellgg triggerand a 4channel scope.

With just one additionadensoryou could run two tests at the same timth a 2channel scope. In
this caseyou will run the test without a trigger signal. This will still identify problems, but will not

identify which cylinders have the problems.
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Basics of Reading Pulse Signatures
Reading pulse signatures is the kegitgnosing engine problem3herearefour basic things you
need to know about reading pulse signatures:

1. You need to understand what pulse signatorean

2. You need to understand separating the pulse signal from the signal noise.

3. You need to know how talentify pulses by cylinder number.

4. You need to know howo separate pulses by cylinder.

Please refer to the narrative and diagrams on pages 30 & 31 to help explain the origin, sequence and
offsets on the various signatures of the different tests eftale internal combustion engine.

SenX recommends you practice using the sensor by running tests on engines without problems. This
will help you learn how to separate pulse signals from the noise and leato in@ntify pulses by

cylinder. ltwillalsogi ve you a feel for how much pulse dev
creating engine problems just to see what they do to the pulse signature

1. Basic Pulse Signature Analysis

The pulses in the pulse signatures for a perfect engine will pauadorm. They will all have the

same general size, shape and spacing. You are looking for deviations in the pulses that indicate engine
problems.

There arevery few perfect enginesExpect to seeomedeviation in the pulses. So, look foon
uniform pulse signatures and\RGE pulsedeviations Accept som@ulsedeviations and ignore the
noise. Especially pay attention to namiform patterns and pulses tmapeat from cycle to cycle.

Take a minute here to review tieamplepulses andeferencepulse signatures in the Appendix.
Remember, pulses can be either positive (peaks) or negative (valléngsdable below describes the
two most common pulse deviations and some of the possible causes.

Exhaust Tests Crankcase Tests Intake Vacuum Tests
undersize | possible misfire possible head or
or missing | possible head or head gasket issue
pulses headgasket issue

possible piston blow by

oversize | probable excess fuel probable piston blow by | possible valvérainissue
pulses possible head or possible head or
head gasket issue head gasket issue

possibly intentionaéxtra
fuel to heat up the
catalytic converter

Page6 of 39 FirstLook Spark Plug Manual, v3.6



1. Basic Pulse Signature Analysis (continued)

You can also see timing problerinem deviatiors in the pulssignatures Thetime betweempulses
shouldbe the same for all cylinder&Vhen the pulse signature is clean, with little noise, you may also
be able to see and measure the time between valve openings and closings.

To see timing issuesy$t, use your arsor to measure the time between trigger signals on the scope.
This is the total time for oni&ring cycle of the engineThen se the ES 100 Timing Chart in the
Appendix toestimatethe time per cylinder and the engine rpm.

This is an exhaust pulsegeature for a €ylinder engine. The time between triggers is 157.1ms. This
is the time for ondiring cycle.

< 157.1 >

0 40 40 40
12
8
| 4
00 N 0
-04 -4
-08 -8
-1.2 -12

Using the Timing chartgad down the second column until you find the time that most closely
matcheghemeasured cycle tima\ext, read eross to the right until you get to the column for the
number of cylinders in the engine. Use this value as the approximate time for each cylinder.

In this examp, 157.1ms most closely matcH&0Oms in the Timing ChartNow, follow this row
across tohte rightand findthe column for 4&ylinder engines The table showthe estimated time per
cylinder is 40ms.Use this estimated time to the compare pulse spading. havetiming problems
when the pulseare not equally spaced.

You can also estimatbe engine rpm with the Timing Chart. Read down the second column in the
chartandagain find the time that most closely matches the measured cycleTtimaeestimated engine
rpmin this example, 750 rpm, is in the first colunust to the left of theycle time.

Of course, gu coulddivide the time for onéiring cycle by the number of cylinders to get a precise
time for each cylinder. And yarouldcalculate the exact engine rpm for the pulse signature
displayed. (Engine rpm £20,000 / time fod firing cyclein ms).

It is generally easier to estimate the time and rpm using the Timing. Ghastever, if you suspect
timing belt issues you may want the preagknder timing measurgent to see the variation
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2. Signal and Signal Noise

Generallyi t i s best to step back and | ook at the 0D
flow smoothly through some engines. In oteeginesthey seem to ricochet and echo off every

elbow and sidewall they can find. This causes signal noisey@u need to ignore it.

The one exception is when you are looking at valve action. At first, valve issues may look like signal
noise to you. Witkexperienceyou will learn youcanpick out valve chatter from the background

noise. Valve sigals will just look different.

You may consider reducing the noise in Exhaust Test pulse signaithrése vacuum line adaptes
described i n 6Sens orThi§ bowevés aniooth outdnd hidewave isslies.s t s . |

These exhaust pulse signatuitesstrate smooth flow, noisy flow, and noisy flow smoothed by using
the vacuum line adapter.

16 16

AN AWAWAN WL
VIRV IRV VAV

04
This is a weHrunning4-cylinderengine with very smooth exhawstflow. The uniformity of the
pulses suggests the relative compression across the cglindgsauniform.

without smoothing with smoothing

These pulse signaturase both from the samedylinder engineandshow the effect of using the
vacuum line adapter for smoothinithe enginas running reasonably wellThe pulse signature is
fairly uniform and the pulseseafairly close in size.
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3. Pulse- to - Cylinder Identification

Use a trigger signal to identify the pulses by cylinder numKeiowing the location of the trigger
cylinderpulses and the firing order of the engine, you can identify all the pulfes pulse signature
Whenever possible, use the first cylinder in the firing order, cylinder 1, for the trigger cylinder.

The triggersignalshows you whethetriggercylinder fires, but you still need to identify the pulses
The exhaust and intake petdor the trigger cylindeare offset from the trigggiulseas shown in the

Offset Table.

Exhaust Pulse Crankcase Pulse| Intake Vacuum
Offset, from Offset, from Pulse Offset, from
Trigger Pulse Trigger Pulse Trigger Pulse
4-CyI|'nder ‘1 0 + 9
Engines
5—Cyl{nder ‘1 0 +3
Engines
6—CyI|_nder ‘2 0 ‘3
Engines
8-CyI|_nder ‘2 0 +4
Engines
200.0 Cy| #1 04
ons trigger trigger .
' pulse pulse

-200.0

04

This example showanldle Exhauspulse signaturéblue line)from a 6-cylinder engingun with a

trigger signalred line)attached to cylinder.1From the tablgfor 6-cylinders the exhaust pulse for

the trigger cylinders the secondir pulseto right ( +2) of thetriggerpulse Here, cylinder 1 was the
trigger cylinder. Knowing this and the firing order, you can now identify all the pulses in the pulse
sigmature. If cylinder 2 were the trigger cylinder, then cylinder 2 would be in the ( +2) offset position.

Make sure you use the correct offset for the engine and the type dt @sés notatter which
trigger you count from.Just remember the triggpulse is the pulse just to the right of the trigger
signal. And remember what ciider is the trigger cylinder

The trigger pulsés thecrankcase pulse for thigggercylinder. There are no offsets for crankcase
pulses.

Pl ease see 0Ii0thé Apmendix raangre detaited explanation.

Paged of 39 FirstLook Spark Plug Manual, v3.6



4. Separate Pulses by Cylinder
Sometimes it is easy to separate pulses by cylinder, as in the previous examples. Other times it can be
difficult. When it is difficult divide the pulse signature into tirsegments for each cylinder.

Estimate the time per cylinder as you did for checking timing issues in the pulse signature.

Usethecursor to measure the time between trigger signals on the aegdpee the ESA0 Timing

chart in the AppendixRead dowrthe second column in the Timing chart until you find the time that
most closely matches the measured cycle time. Then read across to the right until you get to the
column for the number of cylinders in the engine. Use this estimated time to sepapatsehe
signature into cylinders.

Again, you coulddivide the total time for onering cycle by the number of cylinders to get a precise
time for each cylinder Again, it isgenerally easier tosethe Timing Chart

This isa pulse signature from adylinder engine. Thé&me for one firing cycle the time between
triggers, is 160.1ms. From the table, the estimated time per cylinder is Z@Kmwecisely26.68ms
if you insist on calculating it). Now you can separate the pulses by cylinder. B/ém2represents
one cylinder.Use thecorrectoffset to identify the cylinders by number.

V \Y/
2.0 y X 0.5
1.6 B 160.1 ms g 0.4
1.2 0.3
0.8 0.2
0.4 0.1
0.0 0.0

-0.4 -0.1
-0.8 -0.2
-1.2 cylinder| cylinder | cylinder | cylinder | cylinder | cylinder -0.3
-1.6 -0.4
-2.0 0.5

0 20 40 60 80 100 120 140 160 180 ms
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Diagnostic Test Plars

The FirstLoo® sensors used in conjunction with ¢thestorece hi cl
codes in the OBDII and tharse FirstLooR to zero in on the problems.

With experience, you willlevelop your own preferred testiagategies. Until then, herea quick
andeasy test plan

Start with theCold CrankExhaust Test.There are no misfires in this test because the engine is not
firing. A rough or irregular pulse outline may indicate an exhaust valve train iEsinaust air pulses
that are significantly smalleor different from the others, either could not exit the cylinder properly
(valve issue) or went somewhere else, not through the exhaust giystairgasket or rings)f the

Cold Crank Exhaust pulse signature indicates of thes@roblens, run the Idé Crankcase Test.

In the Idle Crankcase Testsai gni fi cantly oversized pulse in th
the crankcaseSuspect piston blow by

Run the Cold Crank Intake Vacuum test witles Idle Crankcase pulse signature looks unifofirhe
Intake Vacuum tests are on the vacuum side, so look more at the valleys than the peaks. Pulses
(valleys) that are significantly smaller than the others show air is leaking into the cylinder in addition
to the airthrough the intake valves. Hgsuspect head gaskets. An oversize pulse (valley) shows too
much vacuum, not enough air, in the cylinder. This may be a valve problem.

Valve train issues are usually easier to see in Cold Gemstkas there wilbeno noise in the pulse
signature fromdel combustion in the engine.

If the Cold Crank Exhaust pulse signature looks unifoun,the Idle Exhaust Test. Now, thealler
air pulsesndicate misfires You have already ruled optston blow by, head gaskand valvetrain
issues. Tesmaller plsescould be either a fuel delivergsueor an ignition system problem. Larger
air pulses point to extra fuel.

A small air pulse by itself indates a misfire from a lean burnpassiblefuel delivery problem

Suspect ignition problems whersaallerair pulse is immediately followed bylarger air pulse.Fuel
was deliveredut did not burn. Thisaugdt he f i r st 0s mal [uéligmteslinthe . The
exhaust of following pulsandmakes it larger

A large pulsall by itself indicates a faburn. More fuel was delivered than for the other pul3éss
could be an injector problenit could also be intentional. The engine system may do this when
needed to keep the catalytic converter hot.

If the Idle Exhaust Test looks uniform, continueto thePower Brake Exhaust TesThisputs more

stress on the engipand nisfires are more likely to occur. sfalways you are lookinghon-uniform
pulse signatures aridr pulses that are significantly smaller or larger than the others.
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Diagnostic Test Plan: Flow Chart

This flow chart illustrates the test plan described on the previous page

Cold Crank
Exhaust Test

undersize or missing Idle
pulse Crankcase Tesf
other pulse failure
rough or irre_gular | suspect oversize pulse L, Sl_Jspect
pulse outline exhaust valves piston blow by
appears uniform appears uniform
Idle Intake Vacuum
Exhaust Test Test

missing pulse, rough or irregular suspect

: : suspect _ .
single undersize SUSpect — |
2 : —>| fuel delivery pulse outline intake valves
pulse, or single issue missing, undersize| |suspect
oversize pulse, 9, , | Suspec

or oversize pulse | head or

missing or undersizge head gasket

pulse followed by ap_,, | SUspect _
oversize pulse ignition issue appears uniform [~ Go to: Idle

Exhaust Test

appears uniform

H

Power Brake
Exhaust Test

single undersize
pulse, single . suspect
oversize pulse, or fuel delivery issup
missing pulse

unlder?lz”e or ;In:OSSmISI_> suspect
pUISE Tollowed By aff ™ ;4 hition issue
oversize pulse

appears uniform [=| trust the OBDII
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Test Equipment Required
You will need the following equipment to run these diagnostic tests:

A FirstLooK® Basic Sensor Kit containing: (pictured below)

1.

© N gk wWwN

One Malel ADS ES 100 Diagnostic Sensor

Onerubber exhaust pipe hosgth spring retainer

One 25 foot Male BNC to Male BNC cable

One 45 inch Male BNC to Banana Jack Plug cable

One BNC to BNC adapter

One vacuum line adaptasith shorthose

One oil dipstick tube apter to fit the threaded FirstLodkensor

OneUser 6s Guide for Spark Plug Engines

You will also need:

9.

an inductor clamp or a COP (Coil on Plug) sensor

10.a 2channel lab scope, minimum
11.a fuse puller

Optionally, you may want:
12.a 4channel lab scope
13.additioral sensors and cables (sold separately)

Package Contents

FirstLook Diagnostic Sensor

25 ft. Male BNC to Male
BNC cable.

\
\

BNC to BNC ' /)
adaptor /
/ /AN L S WY )

Male BNC to Banana Jack Plug Vaccum line adaptor
45 Inch cable.
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Test EquipmentHandling and Care

Your FirstLook sensor is mouet inside a rigl plastic housing While reasonably sturdy, use
standard care when handling the sensassi not crack or break the housing.

TheFirstLook®’ sensohasé&k nobbed head to fit tightly onto a
exhaust hose or to attach the vacuum line adapter. SenX does also provide a sensoreatdlec

nipple to enable ght fit attachments foeasyconnection Push the knobbed FirstLook® sensor into

the hose, or srew thethreaded sensor snugly to the needed hose or attachment.

Use standard care with the connector cables. Avoid driving or standing on them. Avaid kg
during use and when coiling for storage.

During use in Exhaust Tests, moisture in the exhaust air can condense inside the pulse sensor and
exhaust hose. When done with Exhaust tests, store the pulse sensor and exhaust hose so that water ca

drainout.

ALLOW THE PULSE SENSOR TO AIR DRY NATURALLY! Using an air hose to blow out the
sensoicandamaget beyond repair.
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SensorSet Upfor Exhaust Tests
Toinstall the sensor in the exhaust:

1. Attachthesensoiinto therubber exhaust pipe hose.

2. Select theorrectsensoicablefor your scope andti@ch the cable to the sensor.

3. Insert the sens@xhauspipehose about 4 inches into the exhausepipend the
springsattached to the hos® they fit inside the exhaust pip&hisholds the sensor
hosein place.

4. Attach thesensorcable toChannel A onyour scope.

5. (Optional)Insert the vacuum adapter into the end of sensor hose before insertion in the
exhaust pipe. Thisan reduce some of the signal no@giging you a smoother display
However,it may makehe display too smooth to see valve problems.

ADS ES 100

!

Vacuum Adaptor
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SensorSet Upfor Crankcase Tests
To install the sensor in the crankcase:

1.

2.
3.
4.

Insert or srewthe sensomto thethreaded oil dipstick tube adapter

Select the correct sensor cable for your scope aachathe cable to the sensor
Remove theil level indicatorstick.

Insertthe sensowith theoil dipstick tube adaptento theoil level indicatortube If the
sensoradapterdoes not fit insideil level indicatortube,insert the adapter into the sho
piece of hose and put the other end of the hose around the oil dipstickNobe.
Some engines will generate error coddhlefoil level indicator tube is not sealed
sufficiently. An insufficient seamay also cause a misdiagnosis in the test.

Attach thesensorcable toChannel A onyour scopewhen using a-2hannel scope and
a trigger SeelLab Scope Set Up.
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Sensor Set Up for Intake Vacuum Tests
To install the sensor in a vacuum line:

1.
2.
3.

o

Insert or srewthe sensomto thevacuum adaptenose.

Select the corredensorcablefor your scope andtiach the cable to the sensor.
Select a conveniemhanifoldvacuum sourceDo not use a ported vacuusource.

SenX recommendssingthe brake booster

Detachtheselectedracuum line

Insertthe £nsorvacuum adaptento the openvacuumline.

Attach the sensor cable @hannel A on your scope, when using ecBannel scope and
a trigger. SeelLab Scope Set Up

Here the sensor is attached to the power brake canister vacuum line using
the vacuum line adapter shown on page 14.
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Trigger Set Up

1. Attach yourinductor clamp or a COP (Coil on Plug) sensaa ttonvenient cylinder.
Usually this will becylinder #1
2. Connect your inductor clamp or C@®Channel B on your scope when using a 2

channel sope

Lab Scope Set Up

Thelab scope set up should be standardized as shown.

Channel Set Up
2-Channel Scopes

sensor in the exhaust pipe Channel A

sensor in the crankcase
sensor in the intakeacuum

trigger sensor Channel B
4-Channel Scopes

sensor in the exhaust pipe Channel A

sensor in the crankcase Channel B

sensor in the intake vacuum Channel C

trigger sensor Channel D

Scope Voltage andlime Scales
Set thescopevoltagescale to display pulses for easy viewirfget the time scale st leasbne
entirefiring cycle is displayed on the screen. This means at least four pulseségtirdér
engine or at least eight pulses for aoynder enginaredisplayed Once you have looked at
a singlefiring cycle, adjust the time scaledasplaytwo or thrediring cycles at the same time

to look for repeating patterns.

ChannelA (Channel B if twasensorsno trigger)
ChannelA (Channel B if two sensorap trigger)

Use the following settingas starting pointand adjust as needed.

Test Condition

Starting Voltage

Starting Time Scale

Cold Crank Tests 2v AC 1000ms, full scale
Idle Tests 5v AC 500ms, full scale
Power Brake Tests 10v AC 200ms, full scale

Trigger

5v AC for all tests

(same as for test conditiof
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Data Capture and Storage for Later Reference
In a busy shop, it is important t@ep track of the signatures captufed r &ésecond | o
comparison for a quality check after repairs have been completed. Most PC oscilloscopes allow
you to save the data capturedairfile with a default name consisting of date and a sequence
number, but also allow you to provide a file name in a directory of your cidieapproach is
fine unless there are several PCs with oscilloscopes such that the sequence numbers might be
repeated in one day on more than one PC.

Data that may be important are:

1. Date of the tests being conducted

2. Name of the mechanic doing the tests

3. PC identification and Directory name holding the file

For each test:
4. File sequence number (Seq#)
5. Vehicle identifcation: either a number assigned to the vehicle when it was brought in, or

perhaps the |icense plate Anumbero
Engine data:
6. Engine configuration: {I = straightline@hi ne) , V = 2 banks of cyl

7. Number of cylinders in the engine

8. Manufacturer: {@evy, Ford, Plymouth, Honda, Toyota, Volkswagen, etc.}
9. Displacement: €ID = cubic inch displacement; cccabic cm.; | = liters}
10.Odometer reading in miles or km

Signature data:

11.Condition: {cc = cold crank; idletoad = 1500rpmpower = power brake}

12.RPM = revolutions per minute

13.Scope channel: (for up to 4 channels) {ex = exhaust; in = intake manifold; oil = oil level
indicator tube; trig = trigger; none = no sensor attached}

We include a sample spreadsheet for you to record your tests on the follogeny @a may
download the spreadsheet from our vegtle atwww.senxtech.com

Engine Polygraph (famerly, SenX Signature Manager)

An alternative is to subscribe to the web applicatitimgine Polygraphto store, idex, and
retrieve your signatured addition, the Engine Polygraph can provide an analysis report of
your engine for simultaneous readings from the exhaust and crankKoasean findmore
aboutthe application atvww.EnginePolygraph.com
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SenX FirstLook® Signature Log

Date (yyyymmdd)

Mechanic

PC + Directory

Seq# Vehicle] Config. | # Cyl Mfg Displ. | Odometer] Condition| RPM Scope Channel
ch A | B | C | D
nnnnn, or | [d# or {Chew, {cID, . {c-c, idle,
. {Lv, .} n Ford, {mi, km} nnnn
filename |plates Ply, ..} cc, 1} power} {ex, in, oil, trig, none}
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Cold Crank Exhaust Test (Spark Plug Engines)

Do not run this test on a carbureted engine

To run this test:

Placethepulsesensor irthe exhaust pipe andenectit to Channel Aon your scope.

Connectheignition trigger from cylinde#1 to Channel B oryour scope.

Setthetime base scale grour scope tal000ms

Setthevoltage scale for Channalto 2v AC.

Setthevoltage scale for ChannBlto 5v AC forthetrigger.

DISABLE the FUEL SYSTEM.

Make sure altabks hosedingers,andhandsare secure and clear of moving or rotating

parts before starting the test.

8. Cranktheengine untithedisplay pattern stabilizes

9. Adjust the voltage scakes needed for viewing pulses.

10. Adjust thetime base as neededdsplayboth a singldiring cycle andhento display
severalfiring cycles.

11.Freeze or Save the pattern

12. Remember toerenable the fuel system wh#retest is done.

13. Save the information about the vehicle and thediteewith the signature.

NookrwhE

Cold Crank Crankcase Testspark Plug Engines)

Do not run this test on a carbureted engine.

To run this test:
1. Place thegulsesensor in the oil level indicator tube and coniiteict Channel A on your

scope.

Connect the ignition trigger from cylinder #dChannel B on yor scope.

Set the time base scale on your scope to 1000ms.

Set the voltage scale for Channel A to 2v AC.

Set the voltage scale for Channel B to 5v AC for the trigger.

DISABLE the FUEL SYSTEM.

Make sure all cables, hoses, fingamslhands are secure aniéar of moving or rotating

parts before starting the test.

8. Crank the engine until the display pattern stabilizes.

9. Adjust the voltage scakes needed for viewing pulses.

10. Adjust thetime base as neededdisplayboth a singldiring cycle andhento display
severaliring cycles.

11.Freeze or Save the pattern

12.Remember to replace the oil level indicator stick aren@ble the fel system when the
test is done.

13. Save the information about the vehicle and the&freewith the signature.

No ok wN
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Cold Crank Intake Vacuum Test (Spark Plug Engines)

Do not run this test on a carbureted engine.

To run this test:

1.

Nogakrwh

8.

9.

Attachthepulsesensoto thebrake boosteline, or othermanifold vacuum sourgeand
connecit to Channel A on your scope

Connectheignition trigger fromcylinder#1 to Channel B on youscope.
Setthetime base scale grour scope tal000ms.

Setthevoltage scale for Channalto 2v AC.

Setthevoltage scale for ChannBlto 5v AC for trigger

DISABLE the FUEL SYSTEM.

Make sure altables hosesfingersand handsare secure and clear of moving or rotating
parts before starting the test.

Cranktheengine untithedisplay pattern stabilizes

Adjust the voltage scakes needed for viewing pulses.

10. Adjust thetime base as neededdsplayboth a singldiring cycle andhento display

severalfiring cycles.

11.Freeze or Save the pattern
14. Remember toe-attach the vacuum line ame-enable the fuel system whéretest is done
12. Save the information about the vehicle and the filename with the signature.

ldle Exhaust Test(spark Plug Engines)

To

run this test:

OU A WNE

© o N

Place thepulsesensor in the exhaust pipe and coniitetct Channel A on your scope
Connectheignition triggerfrom cylinder#1 to Channel B oryour scope

Setthetime base scale grour scope tdb00ms.

Setthevoltage scale for Channalto 5v AC.

Setthevoltage scale for ChannBlto 5v AC forthetrigger.

Make sure altables hosesfingersandhandsare secure and clear of moving or rotating
parts before starting the test.

Starttheengine andillow theidle andthe pulse display pattern to stabilize.

Adjust the voltage scakes needed fariewing pulses.

Adjust thetime base as neededdisplayboth a single firing cycle and thendasplay
severaliring cycles

13. Freezeor Savethe patterrs.
10. Save the information about the vehicle and the filename with the signature.
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Idle Crankcase Teslspark Plug Engines)

To run this test:

1.

ouhr®WN

Place thgulsesensor in the oil level indicator tube and conriettt Channel A on your
scope

Connectheignition trigger fromcylinder #1to Channel B on youscope

Setthetime base scale grour scope tdb00ms.

Setthevoltage scale for Channel A to 5v AC.

Setthevoltage scale for Channel B to 5v AC tbetrigger.

Make sure all lines, hosdmgersandhand are secure and clear of moving or rotating
parts before starting the test

7. Starttheengine andllow theidle andthepulse display pattern to stabilize.

©

Adjust the voltage scakes needed for viewing pulses.
Adjust thetime base as neededdisplayboth a singldiring cycle andhento display
severalfiring cycles.

10.Freeze or Save the pattern
14.Remember to replace the oil level indmastick when the test is done.
11. Save the information about the vehicle and the filename with the signature.

Idl e Intake Vacuum Test(spark Plug Engines)

To run this test:

1.

S

© o N

Attach thepulsesensor to the brake booster lioe other manifold vacuum sourand
connecit to Channel A on your scope

Connectheignition trigger fromcylinder #1 toChannel B oryour scope

Setthetime base scale grour scope tdb00ms.

Setthevoltage scale for Channal5v AC.

Setthevoltage scale for ChannBlto 5v AC forthetrigger.

Make sure all lines, hosd#mgersandhandsare secure and clear of moving or rotating
parts lefore starting the test

Starttheengine andllow theidle andthepulse display pattern to stabilize.

Adjust the voltage scakes needed foriewing pulses.

Adjust thetime base as neededdisplayboth a singldiring cycle andhento display
severalfiring cycles.

10.Freeze or Save the pattern
11.Remember to rattach the veuum line when the test is done.
12. Save the information about the vehicle and the filename with the signature.
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Power Brake ExhaustTest (Spark Plug Engines)

Important Safety NoteRun this test onlywhen the vehicle is on a hqist the wheels are blocked,
andwith two people. Onepersonrunsthe diagnostic equipment outside the vehidhde theother
personoperateshe vehicle.

To run this test:

Place thepulsesensor in the éxaust pipe and connecto Channel A on your scope

Connect the ignition trigger from cylinder #1Channel B on youscope

Setthetime base scale grour scope t&200ms

Setthevoltage scale for Channalto 10v AC.

Setthevoltage scale for ChanhB to 5v AC forthetrigger.

Make sure all cables, hoséisgers and handsre secure and clear of moving or rotating parts

before starting the test.

Lift the vehicleuntil the wheels are suspended in the @irplace chocks on the wheels.

Starttheengineand allow thadle andthe pulse display pattern to stabilize.

Apply foot pressure on the brake pedatl place the transmission in DRIVE

10 Press the acceleratarhile keeping foot pressure on the brake pedal

11. Raise engine rpm until problesappear buho higher than 1500 rpm maximum

12. Adjust the voltage scale as needed for viewing pulses.

13. Adjust the time base as needed to display both a single firing cycle and then to display several
firing cycles

14. Watch for and-reeze oiSave pulse deviation patterns

15. Return engine to idle and platiee transmission in PARK

16. Save the information about the vehicle and the filename with the signature.

ogkwpnE

© o~

Power Brake Crankcase Testspark Plug Engines)

Important Safety NoteRun tis test onlywhen the vehicle is on a lsbj or the wheels are blocked,
and with two peopleOnepersonrunsthe diagnostic equipment outside the vehidhde theother
personoperateghe vehicle.

To run this test:

Place theulsesensor in the olevel indicatortube and connedtto Chanel A on your scope

Connect the ignition trigger from cylinder #d Channel B on youscope

Setthetime base scale gfour scope t@200ms

Setthevoltage scale for Channglto 10v AC

Setthevoltage scale for ChannBlto 5v AC forthetrigger.

Make sure all lines, hosefingers and handare secure and clear of moving or rotating parts

before starting the test.

Lift the vehicle until the wheels are suspended in the air, or place chocks on the wheels.

Starttheengine anallow theidle andthe pulse display pattern to stabilize.

Apply foot pressure on the brake pedal and place the transmission in DRIVE.

10 Press the accelerator while keeping foot pressure on the brake pedal

11. Raisetheengine rpm until problesappear but no higher than 1500 rpm maximu

12. Adjust the voltage scale as needed for viewing pulses.

13. Adjust the time base as needed to display both a single firing cycle and then to display several
firing cycles

14. Watch for and~reeze or 8ve pulse deviation patterns

15. Returntheengine to idle and ptethetransmission in PARK

16. Remember to replace the oil level indicator stick when the test is done

17. Save the information about the vehicle and the filename with the signature.

ogkwbdpE

© o~
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Power Brake Intake Vacuum Test(spark Plug Engines)

Important Safety NoteRun tis test onlywhen the vehicle is on a hoist, or the wheels are blocked,
and with two peopleOnepersonrunsthe diagnostic equipment outside the vehidhde theother
personoperateshe vehicle.

To run this test:
1. Attach thepulsesensor to thérake booster liner other manifold vacuum sourand
connecit to Channel A on your scope
Connectheignition trigger fromcylinder #1 toChannel B on youscope
Setthetime base scale grour scope t®200ms.
Setthevoltage scale for Channalto 10v AC.
Setthevoltage scale for ChannBlto 5v AC forthetrigger.
Make sure all cable& hosesfingersandhandsare secure and clear of moving or rotating
parts before starting the test.
Lift thevehicleuntil the wheels are suspended in the aiplace chocks on the wheels.
Starttheengineandallow theidle andthe pulse display pattern to stabilize.
Apply foot pressure on the brake pedat pace the transmission in DRIVE.
10 Press the accelerator while keepiagt pressure on the brake pedal
11.Raisetheengine rpm until problesappear but no higher than 1500 rpm maximum
12. Adjust the voltage scale as neededvierwing pulses.
13. Adjust the time base as needed to display both a single firing cycle and then to display
severalffiring cycles
14.Watch forandFreezeor Save pulse deviation patterns
15.Returntheengine to idle and pladbetransmission in PARK
16.Remember to rattach the vacuum line when the test is done.
17.Save the information about the vehicle and the filename with the signature.

2

© o~
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Appendix

Troubleshooting
If you cannot get a pulse signature during a test:
1. Verify your lab scope has power and is set up and functioning properly.
2. If the lab scope is OKyerify the sensor cable connections are tight.
3. If your scope and the cable connections@ike check the continuity in theensorcable If
there is a problem with the cable, contdehXabout cable replacement.
4. If both the lab scope and the cable are OK, there is a sensor problem. Pleas&eaoMtact
about sensorepair or eplacement.

If you cannot get a trigger signal during a test:
1. Verify your trigger sensor is set up and functioning properly.
2. Verify the trigger sensor connections are tight.
3. Verify there is actually a spark going to the trigger cylinder.

| f you creat e sdlrimgacciankéasedestn e 6 code
1. Make sure the sensor in the oil level indicator tube is sealed enough to @iel@ntinto
the crankcase.

Contact Us
Please contactuswithny questions or problems that are

SenX Technolgy LLC
5315 Sunset Drive
Midland, Ml 48640
Phone 8668328898

Fax 989832-8908

Visit our Web Site

http://senxtech.com

Our web site includes
FAQs
Additional reference pulse signatures
Additional technical infanation about th&irstLook® sensor
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ES 100 Timing Chartfor 4-Stroke Engines

Time Between Valve Opening Events (milliseconds)
CI::S:; 1 A B ¢ D E F Starting

Engine Speed | Stroke Engine | 5 cyjinder | 3 Cylinder | 4 Cylinder | 5 Cylinder | 6 Cylinder | 8 Cylinder (ms)

(rpm) (ms)

150 800.0 400.0 266.7 200.0 160.0 1333 100.0

175 685.7 3429 2286 1714 137 1 1143 857 Cold Crank

200 600.0 300.0 200.0 150.0 120.0 100.0 75.0 600

225 5333 266.7 1778 1333 106.7 88.9 66.7

250 480.0 240.0 160.0 120.0 96.0 80.0 60.0

300 400.0 200.0 1333 100.0 80.0 66.7 50.0

350 3429 1714 1143 857 68.6 571 429

400 300.0 150.0 100.0 75.0 60.0 50.0 375

450 266.7 133.3 88.9 66.7 53.3 44.4 333

500 240.0 120.0 80.0 60.0 48.0 40.0 30.0

550 2182 109.1 727 545 43.6 36.4 273 Idle Start

600 200.0 100.0 667 50.0 40.0 333 25.0 200

650 1846 923 615 46.2 36.9 30.8 231

700 1714 85.7 571 429 343 28.6 214

750 160.0 80.0 533 40.0 32.0 26.7 20.0

800 150.0 75.0 50.0 375 30.0 25.0 1838

850 1412 70.6 471 353 28.2 235 176

900 1333 66.7 444 333 26.7 222 16.7

950 1263 632 421 316 253 211 15.8

1000 120.0 60.0 40.0 30.0 24.0 20.0 15.0

1100 109.1 545 36.4 27.3 218 182 136 Low RPM

1200 100.0 50.0 333 25.0 20.0 16.7 125 100

1300 923 462 308 231 185 154 15

1400 85.7 429 286 214 171 143 10.7

1500 80.0 40.0 267 20.0 16.0 133 10.0

1600 75.0 375 25.0 188 15.0 125 94

1700 70.6 35.3 235 176 141 18 8.8

1800 66.7 333 222 16.7 13.3 111 83

1900 63.2 316 211 158 126 105 79

2000 60.0 30.0 200 15.0 12.0 100 75

2100 57 1 28.6 19.0 143 114 95 71

2200 545 273 182 136 10.9 9.1 6.8

2300 52.2 26.1 174 13.0 10.4 8.7 65  Md Range RPV

2400 50.0 25.0 16.7 125 10.0 8.3 6.3 50
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Example Pulses

This is a starting point for reading the pulse signature. With experiygmesvill soon know more
about reading pulse signatures than can ever be writtetaibealike this, but start here

Pulse

Image

Possible Causes

the top of a exhauspulse

suspectirty or sticky exhaust valves

undersizeor missing
exhauspulsgs)

suspect a lean burtess fuel was delivered:
possible mjector issue

oversize exhaust puls

suspect a fat burn, extra fuel was delivered
possible injear issue or

possiby intentional to keep the catalytic
converter hot

undersize or missing pulsi
followed by an oversize
pulse

exampleshows a missng
pulse

suspect a ignition misfire: fuel was
delivered, but did not burn until in the exha
of the following pulse

oversize or nofuniform
crankcase pulse

probable cause: piston bley

sawtoothed shape across
the bottom of aacuum
pulse

suspectirty or sticky intake valves
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Reference Pulse Signatures

500.0 10
mv v
AC AC

00,0 06

200.0 04

100.0 i\ v N 02
0.0 . —— - — - 0.0

1000 02

2000 04

300 0 06

4000 0.8

5000 10

140 60 26.0 460 66.0 86.0 106.0 126.0 146.0 166.0 186.0
ms Pico Technology Ltd www picotech.com

Exhaust Test i Reasonable V6 Engine

S00.0
e
(=1

Foo.o

Zoo.o

100.0

a0
-100.0
2000
300 0

—-400.0

500.0
-0.38 -0.18 002 022 0.4z =
s Pico Technology Ltd s

Crankcase Test i Good Cylinders Diesel

- =
- _ =

- _ o
-

o o_= -

Crankcase Test i Bad Cylinder Diesel Idle
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08 -15
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-0.157 0043 0243 0443 0643 0843 1043 1243 1443 1643 1843

Crankcase signature from Cadillac with 130,000 miles, volt&g25, +0.3)rings not bad

1.0 1z T2 - x| 1 Si'.i
v leazomv  [1534v 6 v
| P I SR T T T T (TR Sl i GV e i S M e Ve =
06 1
04 | | l m 1
| . L - e
0.2 1 1 -0.189
0.0 -0.689
02 -1.189
-04 -168
-06 -2.188
T T e ot S e P P Sl TR i T R T R R N (R A P PR IR .,
10 -3.189
I -0.16 0.04 0.24 044 064 084 1.04 124 144 164 184 =
s <20

Crankcase signature from Cadillac with 192,000 miles, volt@yéX, +085): bad rings
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Offset Diagrams

4-Cylinder Engine Offsets
The 4Cylinder Offset Diagram is shown on the next page. An exhaust pulse signature is included for
illustration. The trigger signal is attached to cylinder 1.

Exhaust pulses start when exbawvalves open just before dead bott@nter (DBC) of the power

stroke. Theyontinue as the piston pushes exhaust gases out of the cylinder during its exhaust stroke.
Notice how the exhaust pulses in the pulse signature start increasing beforedhthermbwer

stroke.

Find the exhaust stroke for cylinder 1 in the diagram and track it down to the exhaust pulse signature.
This shows the exhaust pullsem cylinder 1 is offset one pulse to the right of the trigger pulse (+1).

You can identify the & of the exhaust pulsése same way. Or you could just count th&nte you
know both the firing order and the location of the exhaust pulse for cylinder #1.

A crankcase pulse signature is not showowever crankcase pulses are crahtehen the pisin
strokes dowrduring its power stroke.

Find the power stroke for cylinder 1 in the diagram and track it down. shbissthe crankcase pulse
is right at the trigger. There is no offsétentify theothercrankcasgulseshe same way. Or again,
you could just count theraince you know both the firing order and the location of the exhaust pulse
for cylinder #1

Technically, inthis 4-cylinder engineexample the trigger crankcase pulse is the sum of the pulses for
pistors 1 and 3, whictare bothstroking down, minus thpulsesfor pistons 2 and, whichareboth

stroking up. Howevepulse deviations will be a result of the very high pressure in the cylinder that is
firing. So,for test purposes we can identify the pulse as being only the powerpsston.

Intakevacuum pulses are created when the piston strokes down during its intake Binokihe
intake stroke for cylinder 1 and track it down. This shows the intake pulse for cylinder 1 would be
offset two pulses to right of the triggeulpe

The offsets work no matter what cylinder you use for the trigger. Just remember you will identify the
pulses for the trigger cylinder. When you attach the trigger to cylinder 2, for example, the offsets will
identify the pulses for cylinder 2. Arknowing the firing order, you can still identify the rest of the
pulses.

Also, it does nomatter which trigger you count from. The important thing is to remember the trigger
pulse is the pulse just toehight of the trigger signal.
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4-Cylinder Offset Diagram

A 4-cylinder engine with firing order: 147 37 2

crank_shaft 0 to 180° 180 to 360° | 360 to 540° | 540 to 720°
rotation
i -
Fire **
Seq. 1 5
i <
+
Fire = Power Stroke
Seq.2 5
i ™
+
Fire * Power Stroke
Seq. 3 5*
Fire ?E
Seq4 | >

The blue line is an exhaust pulse signature. The red line is the trigger signal.

trigger pulse +1 +2 +3

exhaust
pulses

e

intake vacuum
pulses
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6-Cylinder Engine Offsets

Please review the-@ylinder Engine Offset Diagram and explanation if you have not already done so.
It will be easier to see and understand the offsets here once you undermstQylihder Offset

Diagram.

The 6Cylinder Offset Diagram is shown on the next pagke first thing you will notice is that the
6extrad cylinders cause the pistons to overl ap
look more complica, but the analysis is the same.

An intake vacuum pulse signatureith a trigger on cylinder 1s included for illustration. Remember,
this is the vacuum si de. Y oduallegs@venen rdading these k  at
pulse signatures

The diagram identifies the trigger pulse as being the intake pulse from cylinder 4. There is overlap
with cylinder 5at the start, buhe trigger pulsés mostlycylinder 4. The intake pulse just to the right
of the trigger pulse is cylinder 3. Amp, you can see the overlajith cylinder 4 but the pulse is going

to bemostlycylinder 3.

If you need to, se the columns in table at the bottom under the pulse signature to divide the pulse
signature into cylinders.

Now, find the intakestrokefor cylinder 1 and track it down to the pulse signature. The intake pulse
(valley) that ismostlycylinder 1 is three pulses to the right ( +3) of the trigger pulse.

It is the same when you have exhaust and crankcase pulse signatures. For exhaust putes,signa
find the exhaust stroke for the trigger cylinder (usually cylinder 1) and track it down. Exhaust pulses
for a 6cylinder engine will be offset two pulses to the right of the trigger pulse ( +2). Follow the
power stroke down to see the crankcadsewill be right at the trigger with no offset.

3-, 5- and 8-Cylinder Engine Offsets
The 3-Cylinder,5-Cylinder and the &ylinder Offset Diagrams are included@he 8-Cylinder Engine
Offset Diagram appeseven more complicatdtian the écylinderbecase there is more overlap.

Still, the analysis is the samas with the 4cylinder and the ®€ylinder diagrams
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6-Cylinder Offset Diagram
A 6-cylinder engine with firing orderli 61 57 47 371 2

crankshaft 0 to 180° 180 to 360° 360 to 540° 540 to 720°
rotation 60 | 120 | 180 | 240 | 300 | 360 | 420 | 460 | 540 | 600 | 660 | 720
Fire ‘41'
— | Power Stroke
Seq. 1 (_>)~
Fire 52
— Power Stroke
Seq. 2 (_>)~
Fire 52
Seq. 3 3 Power Stroke
. <
Fire *
Seq. 4 3 Power Stroke
™
Fire *
Seq. 5 3 Power Stroke
Fire cﬁf Power
Seq. 6 3 Stroke

AR AR AR R AR

The blue line is an intake vacuum pulse signature. The red line is the trigger signal.
trigger
pulse

+1 +2 +3

exhaust
pulses

crankcase #1 #6 #5 #4 #3 #3
pulses | crankcaseg crankcaseg crankcase crankcasg crankcase crankcase

intake vacuu
pulses
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