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SECTION 1
ENGINE ANALYZER SYSTEM SPECIFICATION

Engine Analyzer System

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

The Engine Analyzer System is an oscilloscope system
designed to evaluate the performance of reciprocating
engines, compressors and pumps. Functions such as pressure,
ignition and vibration can be compared against the crank-
shaft angular position or the cylinder volume to permit
analysis of operating efficiency. The functions can also be
compared against real time.

The Engine Analyzer System can improve operating
efficiency by detecting malfunctions such as improper tim-
ing, valve leakage, piston or bearing damage and ignition
problems. Since the system permits comparison of operation
against previous operating parameters, any appreciable
degradation of performance can be noticed. Repairs can
often be scheduled on a routine basis and effected before
breakdowns actually occur.

The system employs a Tektronix 5611 or 564-Series Oscil-
loscope (or Rackmount equivalent) equipped with a 3A74
(Mod 730A) Engine Analyzer (Vertical) Amplifier, a 2B67
(Mod 730A) Engine Analyzer (Horizontal) Time Base, and a
Rotational Function Generator. A pressure transducer, igni-
tion pickoff, vibration transducer and a magnetic top-dead-
center sensor provide the signals to the vertical amplifier.
The horizontal amplifier receives its crankshaft position
signals from the Rotational Function Generator. The opera-
tion of the system is fully explained in Section 2.

The operating capabilities and environmental character-
istics of the system and its individual components are listed
in detail in the following tables.

TABLE 1-1
ELECTRICAL SPECIFICATION

Performance Requirement

Characteristic

TYPE 3A74 ENGINE ANALYZER AMPLIFIER
Channel 1 CHARGE AMPLIFIER

Deflection Factor
Calibrated Range

1 PSl/div to 500 PSI/div in a 1-2-5
sequence,

Within 3% throughout calibrated
range.

Adjustable to match transducers
with 100 to 300 pC/PSI outputs.

Accuracy

GAIN (front panel)

Frequency Response

Bandwidth
LONG RESTORE | 0.05Hz or less to at least 10 kHz.
TIME
SHORT RESTORE|0.5Hz or less to at least 10 kHz.
TIME

1561-Series Oscilloscopes below Serial No. 579 must be modified
with kit 040-0267-00 before they can be used with the system.
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Characteristic

Performance Requirement

" Maximum Dynamic

Charge Signal

0.6 uC at 10 kHz increasing to 2 uC
at 2.75 kHz.

RESTORE TIME
LONG

At least 3.5 RC Time Constant.

SHORT

At least 0.3s RC Time Constant.

Noise (RMS referred to
Input)

Noise is 0.15 pC/1000 pF of source
capacitance or less with 1PSI/div
and gain set to 100 pC/PSI.

Attenuation Due to
Shunt Input Capacitance

1% or less with 0.03 uF at 1 PSI/
div and gain set to 100 pC/PSI.
Not fo exceed 0.09 uF.

Channels 2, 3, 4 Vertical Amplifier

Deflection Factor
Calibrated Range

0.02V/div to 10V/div in a 1, 2,
5 sequence.

Accuracy

Within 3% throughout  calibrated
range.

Uncalibrated
(Variable) Range

Continvously variable between cal-
ibrated deflection factor settings.
Extends the deflection factor range
to at least 25 V/div.

Frequency Response

Bandwidth
DC-Coupled DC to 2 MHz.
(Variable at CAL)
AC (Capacitive) 2Hz to 2 MHz.
Coupled
Step Response
Risetime 0.17 ps or less.
Maximum Input
Voltage
DC (Direct) Coupled [600V (DC + peak AC)
Input R and C
Resistance 1 MQ within 1%.

Capacitance

47 pF within 3%.

Chopped Mode
Repetition Rate

=250 kHz for two_channels.
~167 kHz for three channels.
~125 kHz for four channels.

Channel Time
Segment

Nominally 2 ps.

TYPE 2B67 ENGINE ANALYZER TIME BASE

Time Base

Sweep TIME/DIV
Calibrated Range

1 us/div to 5s/div; 21 steps in d
1-2-5 sequence. X5 magnifier ex-
tends displayed sweep time/div to
0.2 ps/div.
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Specification—Engine Analyzer System

Characteristic

Performance Requirement

Characteristic

Performance Requirement

Accuracy
Unmagnified Within 3% over center 8 graticule
divisions.
Magnified Within 59 over center 8 graticule

divisions.

VARIABLE TIME/DIV

At least 2.5:1.

Trigger Sensitivity
Internal Source
AC coupled only

0.4 divisions of 1 kHz square-wave
display.

External Source
AC Coupled Only

0.5V at 5Hz increasing to 2V at
2 MHz.

Function Amplifier
Deflection Factor

10 mV/div or less to at least 100

mV/div; determined by WIDTH
control setting.
Bandwidth
100 mV /Div DC to at least 75 kHz.
10 mV/Div DC to at least 25 kHz.
Standby Trace ,
Duration Off whenever the Function Gener-
ator is operating above 25 RPM.
Length Nominally 2 divisions with Function

Generator connected and not rota-
ting.

Degree Markers 0/360°
Pedestal Tilt (AC-

Trailing edge of pedestal drops not
more than 60% (with respect to

coupled) leading edge) at 25 RPM (130 ms
wide 0/360° pedestal); Tilt not
discernible above 500 RPM.
ROTATIONAL FUNCTION GENERATOR
Output Signal
Amplitude
Sine wave Between 200 and 500 mV P-P.
Sawtooth Between 200 and 500 mV P-P.

Degree Markers

At least 30 mY as measured at
tallest marker (delivered to a high
impedance circuit).

Output DC Level

Sine wave and —225V =+ 04V.

Sawtooth

Degree Markers -5V £ 1V.
Source Impedance .

Sine wave and 15kQ =+ 5%.

Sawtooth

Degree Markers

2.1kQ =+20%.

Voltage Requirement

—1YV to —13V with Standard
Accessory 20-foot Function Gener-
ator Cable.

Maximum RPM 20,000.
Maximum Cable Length| 300 Ft.
Degree Marker Within 1°.
Angular

Accuracy

Shaft Load, Axial and

Radial

10 lbs maximum.

TRANSDUCERS

Pressure Transducer

Maximum Acoustic Re-
ponse (43 dB)

Transducer Alone

1000 Hz

Transducer with Cool-
ing Adapter Attached

250 Hz

Transducer with Cool-
ing Adapter and 5
inches of Additional
Pipe

200 Hz

Transducer with Cool-
ing Adapter and 10
inches of Additional

Pipe

160 Hz

Maximum Recommend-
ed Combustion Engine
RPM

Transducer Alone

6000 RPM

Transducer with Cool-
ing Adapter Attached

1500 RPM

Transducer with Cool-
ing Adapter and 5
inches of Additional
Pipe

1200 RPM

Transducer with Cool-
ing Adapter and 10
inches of Additional
Pipe

1000 RPM

Voltage Sensitivity

Nominally 25mV/PS!. Value listed
on the individual units.

Charge Sensitivity

Within 100 to 300 pC/PSL. Value
listed on individual units.

Accuracy Within 5% of reading, excluding
temperature coefficient.

Temperature Value listed in chart supplied with
Coefficient unit.

Pressure Range 0 to 3000 PSI.

Maximum 300%.

Overpressure

Linearity Within 1%.

First Resonance

At least 30 kHz.

Vibration Sensitivity

0.1 PSl/g or less.

Operating
Temperature Range

—40°C to +4-150°C (Standard Ac-
cessory Cooling Adapter required
to maintain transducer temperature
within range).

Maximum
Temperature

+200°C.

Vibration Transducer (See Fig. 1-2)

Voltage Sensitivity

Nominally 6 mV/g. Value listed on
the calibration chart supplied with
the unit.

Charge Sensitivity

Nominally 20 pC/g. Value listed
on the calibration chart supplied
with the unit.

Capacitance

Nominally 3300 pF. Value listed on
the calibration chart supplied with
the unit.

1-2
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Fig. 1-2. Graph of Vibration Transducer output versus frequency.

Characteristic

Performance Requirement

Characteristic

Performance Requirement

Cross Axis Sensitivity |Within 3%.
First Resonance At least 10 kHz. Deflection 1 PSl/div to 500 PSl/div in a 1-2-5
Linearity Within 1%. sequence.
Maximum Accelera- [1000 g's. Accuracy Within 59 throughout calibrated
tion range.
Temperature Range |—40°C to +4150°C. Maximum 300%.
Overpressure

Magnetic Pickup
Output Voltage

At least 15V P-P at 1000 inch/sec-
ond and 0.005 inch clearance.

Coil Resistance

Within 90Q to 110 Q.

Coil Inductance

Within 26 mH to 40 mH.

Temperature Range

—54°C to +107°C.

Ignition Pickoff
Attenuation

Nominally 1000X. Determined by
the capacitance at the pickoff point.

RC Time Constant

At least 6.5 ms.

SYSTEM

CHARACTERISTICS

Vertical Display

Pressure Transducer/

Charge Amplifier
Range

0 to 3000 PSI, not to exceed 0.6 uC
at 10kHz uvp to 2 uC at 2.75 kHz.

Frequency Response
Long Restore Time

0.05Hz or less to at least 10 kHz.

Short Restore Time

0.5Hz or less to at least 10 kHz.

Restore Time
Long

At least 3s RC Time Constant,

Short

At least 0.3s RC Time Constant.

Noise (RMS Referred
to Input)

Not discernible with the 50 ft, 20
pF/ft cable supplied; 6 pC RMS or
less (0.3 div of display) at a deflec-
tion factor of 1 PSl/div, 2000 ft of
20 pF/ft cable and gain set fo 100
pC/PSl.

Attenuation  Due to
Shunt Input  Capacity
{cable capacity)

1% or less with .03 uF at 1 PSl/div
and gain set to 100 pC/PSI (Shunt

input capacitance not to exceed
.09 uF).

@z
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Characteristic

Performance Requirement

Vibration Transducer in-
to 3A74 Voltage Ampli-
fier
Transducer
Sensitivity
Transducer with
Cable

Nominally 4.5mV/g with the 50 ft,
20 pF cable included in the system.
Value can be determined from the
calibration chart supplied with the
transducer.

TABLE 1-2

ENVIRONMENTAL SPECIFICATION
TYPES 3A74 AND 2Bé67

Characteristic

Performance Requirement

Transducer Alone

Nominally 6 mV/g. Value listed on
the calibration chart supplied with
the unit.

Frequency Response

See graph, Fig. 1-2.

Magnetic Pickup (TDC
Sensor} info 3A74 Volt-
age Amplifier

Output Voltage

At least 15V P-P at a surface
speed of 1000 inches/second, clear-
ance gap of 0.005 inch, and using
a 20 pitch, 30 tooth ferrous metal
gear. (Output voltage is approxi-
mately proportional to surface
speed and inversely proportional to
the clearance gap.)

Temperature
Non-operating —40°C to 465°C
Operating 0° to 4+50°C
Altitude
Non-operating To 50,000 feet
Operating To 15,000 feet
Vibration
Operating 15 minutes along each axis atf
0015 inch. Vary the frequency
from 10 to 50 to 10 c/s in 1-minute
cycles. Three minutes at any reson-
ant point or at 50 c/s.
Shock

Non-operating

30 g's, Y, sine, 11 ms duration, 2
shocks per axis. Total of é shocks.

Transportation

Qualifies under National Safe
Transit Committee Procedure 1A,
Category IV (48 inch drop).

Ignition Pickoff into
3A74 Voltage Amplifier
Attenuation

Nominally 1000X with the 50 ft,
20 pF/ft cable supplied with the
system. Attenuation determined by
the capacitance between the pick-
off clamp and the high-voltage lead
under test. Longer cable increases
the attenuation approximately 10%
per 40 ft; (Pickoff calibrated using
the 40V or 100V output from the
Oscilloscope Calibrator info a sam-
ple of the ignition cable. See Oper-
ator's Adjustment Procedure in Sec-
tion 2.)

RC Time Constant

At least 6.5ms with the cable
supplied.

Markers into 3A74 Volt-
age Amplifier (Inter-
nally coupled to Chan-
nel 2)

Amplitude

At least 1 division of display of 0/
340° marker above trace base line.

ROTATIONAL FUNCTION GENERATOR
Temperature
Non-operating —55° to 475°C
Operating —15°C to 475°C
Altitude
Non-operating To 50,000 feet
Operating To 15,000 feet
Vibration
Operating 15 minutes along each axis at
0.015 inch. Vary the frequency
from 10 to 55 to 10 ¢/s in 1-minute
cycles. Three minutes at any res-
onant point or at 55 ¢/s.
Shock

Non-operating

250 g¢'s, V, sine, 12 ms duration, 2
shocks per axis. Total of é shocks.

Transportation

Qualifies under National Safe
Transit Committee Test Procedure
1A, Category IV (48 inch drop).

Horizontal Display

TRANSDUCERS

WIDTH Control Range

5 divisions or less to at least 20
divisions.

CRANK (ANGLE)

Sawtooth, 350° of usable display
(less than 10° used during retrace).

Incremental Accuracy

Within 3% of full scale display.

PISTON (VOLUME)

Sine wave plus = 6% second har-
monics, simulating crank radius-to-
connecting rod-ratio of 1:4.

Pressure Transducer
Vibration Sensitivity

0.1 PSl/g or less.

Temperature Range

—40°C to +150°C.

Incremental Accuracy

Within 3% of full scale display.

Phase Shift

0.5 degrees or less at 20,000 RPM
with the Standard Accessory 20-
foot cable; 2 degrees or less with
a 200 ft 20 pF/ft cable.

Temperature Co- —0.035%/°C from +21°C to
efficient +150°C.
Maximum Tem- +200°C.
perature
Vibration Transducer
Maximum 1000 g's.

Acceleration

Temperafure Range

—40° Cto +150° C.

Magnetic Pickup
Temperature Range

—54°C to 4+107°C.
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Engine Analyzer System

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

The following information is contained in this section, in
the order in which it is listed:

Block Diagram Description
System Components and Standard Accessories

First Time Operation of Oscilloscope, 3A74, 2B67 and
Rotational Function Generator

Operators Adjustment Procedure
Installing the Standard Accessories

System Operating Procedure

BLOCK DIAGRAM DESCRIPTION

The interconnection of components and data flow during
system operation is explained here. An understanding of it
is essential for obtaining optimum results.

The Oscilloscope and its plug-in units make up the indi-
cating section of the system. The 3A74 Engine Analyzer
Amplifier (hereafter called 3A74) processes signals which
result in vertical deflection of the oscilloscope electron beam.
The 2B67 Engine Analyzer Time Base (hereafter called 2B67)
processes signals which provide horizontal deflection of the
beam. The combination of the two-coordinate deflection
causes the beam to be positioned to a specific point on the
face of the cathode-ray tube (CRT). As the signals change,
so does the positioning point. Continvously changing signals
result in a constantly moving dot on the CRT face. The
CRT phosphorescence causes the constantly moving dot to
appear as a line, or trace, providing a continuous compari-
son of the signals present in the vertical versus horizontal
plug-in units. The vertical circuit (3A74) is capable of switch-
ing from one signal channel to another, thereby permitting
simultaneous display of several vertical signals on separate
traces. These displays are normally placed at different
vertical positions on the CRT to provide convenient viewing
and identification,

Refer to Fig. 2-1. The Rotational Function Generator (here-
after called Function Generator) confrols trace horizontal
deflection when ROTATIONAL FUNCTION GENERATOR
operation is selected by the 2B67 TIME/DIV switch. The
Function Generator shaft is directly (1:1 ratio) coupled to the
equipment crank shaft through an Extension Shaft and a
Friction Drive Adapter (standard accessories), or by way of
any other arrangement which provides a 1:1 rotation ratio
without slippage. The Function Generator should be mount-
ed on a tripod (optional accessory) or other stable base.
Alignment between the Function Generator, shaft, and

®

equipment under test must be as accurate as practical fo
insure optimum operation.

The Function Generator is connected to the Oscilloscope
horizontal plug-in unit (2B67) by a four conductor cable.
One of the leads supplies —12.2V to lamps in the Func-
tion Generator, which provides light-excitation for photo-
transistors. The light to the transistors is controlled by a
function generator disc which is rotated by the drive shaft.
The body of the Function Generator can be rotated to align
the photo-transistors to the crankshaft, permitting their out-
puts to be indicative of crankshaft position.

The generator disc causes the following outputs to be
generated: thirty-six 10-degree markers, with distinctive
markers appearing at 60 and 340 degree intervals; a sine
wave indicative of piston position (cylinder volume), with
the maximum positive excursion of the waveform coincident
with the top-dead-center (TDC) position of the piston to
which the Function Generator is aligned; a sawtooth wave-
form indicative of crankshaft angle, with the beginning of
the ramp coincident with the down position of the piston to
which the Function Generator is aligned. A ROTATION
DIRECTION switch (located on the Function Generator)
permits selection of a positive-going ramp voltage so that
the trace moves from left to right on the Oscilloscope, re-
gardless of the direction of rotation.

The markers can be either rejected or accepted by a
MARKERS PULL switch on the 2B67. When accepted, they
are internally connected to Channel 2 of the 3A74. They
are then displayed on the Channel 2 trace at any time the
Channel 2 MODE switch is not turned off.

Either the sine wave (PISTON) or the sawtooth wave
(CRANK) can be used to cause horizontal deflection when
the 2B67 TIME/DIV switch is at ROTATIONAL FUNCTION
Generator position. The PISTON-CRANK switch at the 2B67
controls the selection. If the sine wave is used, the CRT beam
will be deflected to the left when the maximum positive
potential is reached (piston up), and to the right when the
maximum negative potential is reached (piston down). If
the sawtooth is selected, the trace will start at the left at
the beginning of the ramp (piston down) and progress to the
right as the ramp voltage increases. When the piston again
reaches bottom, the ramp voltage collapses, the beam
rapidly returns to the left of the CRT and a new sweep
begins. The beam returns to the left so quickly that only a
very dim return trace is created by the few electrons striking
the face of the CRT.

When the 2B67 TIME/DIV switch is in any position except
ROTATIONAL FUNCTION GENERATOR, a sawtooth voltage
can be generated within the 2Bé7 to provide trace horizontal
deflection. Accurately timed sweeps can be made to start
in coincidence with signals being processed by the 3A74

2-1
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3A74 Engine
Analyzer Amplifier

Fig. 2-2.

561 or 564-Series’
Oscilloscope

Carrying Case with
Standard Accessories

Major assemblies of the Engine

Operating Instructions-Engine Analyzer System

¥ TYPE 2BETLS

2B67 Engine
Analyzer/Time Base

Analyzer System.



Operating Instructions—Engine Analyzer System

vertical plug-in unit. Engine rotation speed can then be
measured by determining the time required to complete
one cycle of operation.

Engine pressure indication is obtained by inserting a
Pressure Transducer (standard accessory) into the pressure
chamber, and coupling its output to channel 1 of the vertical
amplifier unit (3A74) through a low-noise 50 foot coaxial
cable. The piezoelectric effect of the transducer supplies
a signal in response to pressure changes. The signal is
processed by the vertical amplifier and causes a Channel 1
vertical display on the CRT whenever the Channel T MODE
switch is not in its OFF position. The trace provided by the
combined effects of rotation (horizontal) and pressure
(vertical) permit evaluation of combustion chamber opera-
tion. A cooling adapter is attached to the transducer to
lower its operating temperature.

The Magnetic Transducer (standard accessory) can be
mounted adjacent to the edge of the flywheel or other rota-
tional reference device. A 20 foot coaxial cable is provided
to couple its output to the 3A74.

The Magnetic Transducer provides an oufput in response
to any change of ferrous material in its immediate vicinity.
The flywheel grooves indicating TDC and associated timing
reference marks will therefore create impulses which can be
used to compare against the markers from the Function Gen-
erator, The Function Generator can thus be reliably refer-
enced to the crankshaft.

Although the Magnetic Transducer output can be accepted
by Channel 2, 3 or 4, it is recommended that it be coupled
into Channel 2, where it can be superimposed on the Func-
tion Generator signals. When the Generator body is rotated
so that its 0/360 degree marker ‘is aligned with the TDC
mark from the Magnetic Transducer, the system is aligned
to the piston referenced by the TDC mark.

The Capacitive Ignition Pickoff (standard accessory) is a
permanently attached termination on a 50 foot coaxial
cable. It generates an output voltage when a voltage pulse
occurs in the cable to which it is clamped. [ts output can be
accepted by Channels 2, 3 or 4 of the 3A74, but it is recom-
mended that Channel 3 be used consistently with it to
standardize operation. Engine ignition pulses are displayed
for comparison and evaluation whenever the appropriate
channel {Channel 3) MODE switch is not in its OFF position.
Ignition voltage pulse amplitudes can be accurately deter-
mined as explained in the Operator's Adjustment Procedure.

Vibrations which accompany engine operation can be
detected through use of the Vibration Transducer (standard
accessory). Its permanent magnet permits attachment to any
ferrous surface. For example, when it is attached in the
immediate vicinity of valves, the vibrations which accompany
their opening and closing will create an electrical output
which can be coupled to the 3A74 through a 50 foot coaxial
cable. lts output can also be accepted by Channels 2, 3
or 4, but it is again recommended that operation be stand-
ardized by always applying it to channel 4. When the
appropriate MODE switch {Channel 4} is in other than the
OFF position, the vibrations will be displayed with the other
presentations, aiding the overall evaluation of the engine.

SYSTEM COMPONENTS AND STANDARD
ACCESSORIES ‘

The following major assemblies make up the Engine
Analyzer System, They are illustrated in Fig. 2-2, and their
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operation is explained in detail in this section. In addition,
a separate manual is provided with the Oscilloscope.

561 or 564-Series Oscilloscope

3A74 Engine Analyzer Amplifier

2B67 Engine Analyzer Time Base
Carrying Case with Standard Accessories

In addition to the above, the following optional acces-
sories are recommended for use with the system. They can
be purchased through Tektronix Field Representatives.

Tripod, Tektronix Part No. 016-0253-00 (Includes Adapter
Plate, Tektronix Part No. 386-1453-00).

C-12 Camera
Projected Graticule (for use with C-12 Camera)

Scopemobile Model 201-1.

Oscilloscope

The Oscilloscope controls, connectors ‘and indicators (ex-
clusive of the 3A74 MOD 730A and 2B67 MOD 730A plug-in
units) are explained in the Oscilloscope manual. The oper-
ator should read those explanations in addition to the
material in this operating section before using the Engine
Analyzer System. Failure to understand proper operating
procedure may result in damage to the Engine Analyzer
System equipment.

Camera

Complete information regarding the Camera and wave-
form photography can be found in the manual which accom-
panies the camera.

3A74 Engine Analyzer Amplifier (see Fig. 2-3)
Channel 1

Pressure BNC connector, Circuit is de-
Transducer | signed to accept charge signals.
Input Coupling between the connec-
tor and the pressure transducer
is accomplished through a 50
foot coaxial cable which is sup-
plied as a standard accessory.

ZERO Push-button which resets the
channel’s amplifier to 0, plac-
ing frace at its reference posi-

tion.

PSI/DIV Vertical deflection factor selec-
tor. Graduated in 1, 2, 5
sequence from 1 PSI/DIV to
500 PSI/DIV.

RESTORE 2 position switch. Enables selec-

TIME tion of time required to recover
from input signals after the sig-
nal has expired or is removed.

®




Operating Instructions-Engine Analyzer System

Fig. 2-3. 3A74 Engine Analyzer Amplifier.

2-5



Operating Instructions—Engine Analyzer System

LONG should be selected for
low RPM applications (approxi-
mately 600 RPM and below)
where critical pressure meas-
urement is required.

DC BAL

Screwdriver adjustment. Permits
the operator to adjust for a
minimum amount of trace shift
accompanying PSI/DIV  switch-
ing when no signal is present
and channel has been “zeroed".

GAIN AD)J

Screwdriver adjustment. Use in
conjunction with Charge Ampli-
fier Calibrator (standard acces-
sory) and Oscilloscope CALI-
BRATOR signal to set PSI/DIV
factor in  accordance  with
rated output of Pressure Trans-
ducer being used. See Opera-
tor's Adjustment Procedure in
this section.

MODE

Three position switch. Enables
or disables presentation of
Channel 1 normal (NORMJ or
inverted (INV) display.

POSITION

Controls the vertical position of
Channel 1 display. Has no ef-
fect upon CRT presentation
when Channel T MODE switch
is OFF.

Input
Connector

BNC connector designed to ac-
cept voltage signals. Channel 2
Input should be connected
through a 20 or 50 foot cable
to the Magnetic Transducer
which signals the crankshaft
top-dead-center position; Chan-
nels 3 and 4 should be connect-
ed to the Capacitive Ignition
Pickoff and the Vibration Trans-
ducer respectively through 50
foot coaxial cable.

tor from .02 V/division to more
than 25V/division. When set
to CAL position it provides cali-
brated deflection factors as in-
dicated by the VOLTS/DIV
switch.

DC BAL

Screwdriver adjustment.  Per-
mits the operator to adjust for
a minimum amount of trace
shift accompanying rotation of
the YAR GAIN control when no
signal is present. See Opera-
tor's Adjustment Procedure in
this section.

GAIN ADJ

Screwdriver adjustment. Permits
the operator to obtain calibra-
ted deflection factors for indi-
vidual channels. Adjust at .02
VOLTS/DIV with VAR GAIN at
CAL. See Operator's Adjust-
ment Procedure in this section.

MODE

Three position switch. Enables
or disables presentation of nor-
mal (NORM) or inverted (INV}
display of applicable channel.

POSITION

Controls the vertical position of
the applicable channel's presen-
tation. Has no effect upon CRT
presentation when applicable
MODE switch is OFF.

TRIGGER

Plunger -type switch. When
pulled out, horizontal sweeps
are initiated in response to the
signal present in Channel 2
only, regardless of the position
of Channel 2 MODE switch.

AC-GND-

Three position toggle switch.
AC connects AC component of
signal to the amplifier channel
through a 0.1 uF capacitor.
GND grounds the input to the
applicable channel. DC connects
all signal components directly
to the amplifier channel.

VOLTS/DIV

Vertical deflection factor selec-
tor. Graduated in 1, 2, 5 se-
quence from .02 through 10V/
division.

VAR GAIN

Variable gain selector. When
fully CCW it increases the de-
flection factor to at least 2.5
times that indicated by the
VOLTS/DIV  switch, enabling
selection of any deflection fac-

CAL

Screwdriver adjustment. Synch-
ronously adjusts the gain of all
4 amplifier channels. Permits
compensating for CRT deflec-
tion sensitivity differences when
the 3A74 is moved from one
oscilloscope to another.

CHOP-ALT

Toggle switch. Selects method
of switching between traces. In
CHOP position, small segments
of the traces selected by the
MODE switches are sequentially
presented. Switching frequency
is sufficiently high for the com-
posite of each channel’s seg-
ments to appear as a contin-
vous trace at sweep rates of
approximately 0.2 ms / division
and slower (higher time/div
ratio) during 4 channel opera-
tion. The CHOP position should
be selected during multi-chan-
nel operation of the Engine
Analyzer System. In ALT posi-
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Operating Instructions—Engine Analyzer System

tion, sequential switching to the position accepts in- |horizontal sweep
next "on’ channel occurs at the puts from the Rota- [rates for conventional
end of each sweep. During four tional Function Gen- |oscilloscope  opera-
channel operation, the display erator through the |[tion. (VARIABLE at
appears to be four simultane- front panel INPUT |CAL position).
ously occurring traces at sweep connector.
rates of 2 ms/division and faster VARIABLE | No effect Potentiometer. Permits
(lower time/division ratio). the TIME/DIV factor
Securing Knob Fastens unit in place in Oscillo- to be increased by at
scope compartment. Unscrew to least 2.5 times the in-
counterclockwise limit before dicated value, pro-
removal or insertion; tighten viding continuous hor-
after insertion to provide re- izontal deflection fac-
liable plug connections. tors of from 0.2 us/
division (with 5X
MAG) to more than
2B67 Engine Analyzer Time Base (See Fig. 2-4) 12.5 s)econds /division.
ROTATIONAL FUNC- UNCAL No effect Lights when the VAR-
Control TION GENERATOR | Sweep Operation IABLE control is not
Operation in CAL position.
POSITION | No effect Controls the horizon- 5X MAG | No effect Plunger actuated
(left) tal position of the switch connected to
display. VARIABLE shaft. Ex-
MODE NORM provides a | NORM permits the pands the center two
continuously unblank- | CRT to be unblanked divisions of unmagni-
ed CRT display; traces | as each sweep is gen- fled_ presentation. Ef-
caused by successive | erated, with blanking fectlvely divides the
rotational  functions | occurring during re- indicated sweep rate
are superimposed. trace. SINGLE SWP by 5.
SINGLE SWP position | permits generation of CAL No effect Screwdriver adjust-
permits unblanking of | one sweep after ment. Permits opera-
the CRT for display | READY lamp has tor calibration of
of functions occurring | been lighted. RESET the TIME/DIV feature
during 370 or 720 de- | position arms the cir- of conventional oscil-
grees of rotation, as se{ cuit and lights the loscope  operation.
lected by the SINGLE | READY lamp. Switch Compensates for dif-
SWP DISPLAY switch. | is spring loaded to ference in CRT deflec-
RESET position “arms” | return  to  SINGLE tion sensitivity when
the circuit, permitting | SWP  position from plug-in is used with
it to unblank the CRT | RESET. different oscillo-
upon receipt of the scopes. See Opera-
next negative - going tor's Adjustment Pro-
triggering signal from cedure in this section.
the Rotational Func- STABILITY |{Screwdriver adjust- | Same as ROTATION-
tion Generator; RE- ment. Adjusts for | AL FUNCTION GEN-
SET position is spring- proper sensitivity to | ERATOR operation.
loaded to refurn the triggering signals dur-
switch to SINGLE mg all except FREE
SWP pOSiﬁOﬂ when RUN Triggering oper-
released; READY ation.
Iomp is on whenever See Operafor's Ad_
circuit is armed. justment Procedure in
READY Indicates that the cir- | Indicates that the cir- this section.
cuit is ready to dis- | cuit is ready to dis- TRIGGERING
play 360 or 720 de- | play a single sweep LEVEL Set at AUTO during {Combination of
grees of rotational | upon receipt of the 2B67 NORM opera- |switches and poten-
functions upon receipt | next triggering  sig- tion; set at 0 or at de- | tiometer. AUTO po-
of the next trigger- | nal. Light goes out sired triggering point |sition provides trig-
ing signal. Light goes | after completion of during SINGLE SWP|gers at a 50 Hz rate
out following comple- | sweep. operation. to initiate horizontal
tion of indicated ro- sweeps; either inter-
tation. nal or external sig-
TIME/DIV ~ ROTATIONAL FUNC- Numbered positions nals of higher fre-

®1

TION  GENERATOR

provide indicated

quency will override
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Fig. 2-4. 2B67 Engine Analyzer Time Base.
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! Control

ROTATIONAL FUNC-
TION GENERATOR

Sweep Operation

AUTO operation.
FREE RUN permits
continuous genera-
tion of sweeps, inde-
pendent of triggers;
FREE RUN does not
permit presentation of
a stable triggered
display, but provides
a relatively constant
brightness baseline in-
dependent of sweep
rate. The area be-
tween AUTO and
FREE RUN permits
manual triggering
level selection; in con-
junction with SLOPE
it permits trigger ac-
tion to occur at vari-
ous points on the
triggering waveform.
If repetitive signals of
different amplitude
are present, manual
triggering can be
used to trigger from
only the larger sig-
nals to provide a
stable, triggered dis-

play.

SLOPE

Operation
Two position slide
switch. Determines

whether the positive-
going {4) or nega-
tive-going (—} slope
of the triggering
waveform will cause
CRT unblanking to
occur. (—) SLOPE
should be used dur-
ing SINGLE SwpP
operation when the
CRANK signal is se-
lected. Either position
can be wused in
NORM operation
with no apparent dif-
ference.

Determines  whether
the positive-going or
negative-going slope
of the triggering
waveform will initiate
the horizontal sweep,
thereby determining
which slope will be
displayed immediate-
ly after the sweep
starts. In conjunction
with LEVEL, it permits
triggering action to
occur at various
points on the frig-
gering waveforms.

SOURCE

Three position slide
switch which selects
source of signal to be
used to generate trig-
gers. EXT position
recommended for
ROTATIONAL FUNC-
TION GENERATOR
operation. It internal-
ly couples the PIS-
TON or CRANK sig-
nal from the Func-

INT selects a trigger-
ing signal from the
vertical amplifier cir-
cuit; LINE selects the
AC supply waveform;
EXT permits trigger-
ing from the PISTON
or CRANK waveform
if the Rotational Func-
tion Generator is con-
nected, and permits
triggering from sig-

tion Generator to the
triggering circuit.

nals applied to the
EXT Input connector.

EXT Input BNC connector| Same as Rotational
Connector through which exter-| FUNCTION GENERA-
nal triggering signals | TOR operation.
can be accepted any
time the (TRIGGER-
ING) SOURCE switch
is at EXT.
ROTATIONAL
FUNCTION

POSITION |Potentiometer which | No effect
controls  horizontal
position of display.

PISTON Two-position  toggle | Selects PISTON or

(VOLUME)- [switch. Selects type | CRANK signal for in-

CRANK of Rotational Function | ternal application to

(ANGLE) Generator waveform | EXT  (TRIGGERING)
for horizontal deflec- | line whenever ROTA-
tion. PISTON accepts | TIONAL FUNCTION
an approximate sine | GENERATOR is con-
wave {for pressure | nected to 2Bé7.
versus volume dis-
play} and CRANK ac-
cepts a linear saw-
tooth ramp (for pres-
sure versus crank
angle display).

WIDTH Potentiometer. Permits | Controls amplitude of
adjustment of hori- | PISTON or CRANK
zontal size of display. | signal being applied
Display expands and | to EXT (TRIGGERING)
contracts around | line.
graticule center verti-
cal line.

MARKERS [ Push-pull switch con- | Same as ROTATION-

PULL nected to WIDTH | AL FUNCTION GEN-
knob shaft. Internally [ ERATOR operation.
couples angle mark-
ers from the (ROTA-

TIONAL FUNCTION)
INPUT connector into
the vertical amplifier.
3A74 Channel 2
MODE switch must
be at NORM or IN-
VERT to permit dis-
play of markers.

INPUT Six-connector jack| Same as ROTATION-

which supplies power
to and accepts signals
from the Rotational
Function Generator.
Signals can also be
accepted directly into
terminal A or B (de-
pending upon PIS-
TON-CRANK  switch
position) to provide
horizontal deflection
while the TIME/DIV
switch is in ROTA-
TIONAL FUNCTION
GENERATOR position.

AL FUNCTION GEN-
ERATOR operation.






















































































































































































































































































































































































































































































































