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This invention relates generally to an engine analyzer 
system and more specifically to such a system in which 
an ignition impulse is used to initiate the time base. 
An engine analyzer showing ignition or vibration wave 

forms of internal combustion engines may have its time 
base initiated by a Synchronizing wave generator driven 
from the crank shaft of the engine. However, in some 
engines it is difficult to Satisfactorily mount or drive the 
synchronizing generator. Moreover, a few engines are 
intended to rotate at a speed which is unusually low and 
well below that for which available synchronizing wave 
generators are designed, resulting in a low amplitude 
synchronizing wave. If such a slow speed engine's crank 
shaft, or available drive for the synchronizing generator 
has an irregular angular velocity, unless the synchroniz 
ing generator is Specially designed, it may not provide a 
suitable synchronizing wave since the generator is re 
sponsive not only to angular position, but also to angular 
velocity. 

Hence, under Some conditions, it may be particularly 
advantageous to employ the spark plug firing pulses to 
initiate the time base. Synchronization directly from the 
ignition signal to be observed has the disadvantage that 
part of the ignition signal will be lost in the time base fly 
back period, making it desirable to start the sweep slightly 
earlier than the time of firing the cylinder to be studied. 
The problem of using spark plug firing pulses for syn 

chronizing is highly complicated if the engine has unequal 
periods between the firing of its spark plugs. Moreover, 
it is desirable to initiate the time base of the analyzer at 
a point on the engine cycle preceding by the least possible 
time the pattern to be observed. If the initiation of the 
time base precedes the occurrence to be observed by a 
substantial period, the time base may be considerably out 
of Synchronism with an irregularly turning crank shaft 
at Said occurrence and give an inaccurate indication of 
the time of the occurrence in relation to an engine cycle. 

It is therefore an object of this invention to provide a 
trigger circuit synchronized by an ignition pulse to pro 
duce a time base for an engine analyzer winereby the 
complete wave pattern of any cylinder may be observed. 

It is also an object of this invention to provide a trigger 
circuit for an engine analyzer Synchronized by the igni 
tion pulse preceding the firing of the cylinder under ob 
servation and in which there are unequal periods between 
the firing of the various cylinders. 

It is a further object of this invention to provide a 
trigger circuit for an engine analyzer in which the time 
base is initiated by an event in the engine cycle closely 
preceding the occurrence of the pattern to be observed. 
The above objects are accomplished in the device 

herein set forth by initiating the time base of the display 
component by a delayed version of the ignition pulse of 
the cylinder firing immediately before the firing of the 
cylinder whose firing characteristic is to be observed. 
The selection of the cylinder to be observed is made by 
a switch associated with other switches to select the 
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proper ignition pulse to trigger the time base and also to 
select the proper delay for the trigger. 
As used herein "ignition pulse' includes the actual 

electrical pulse applied to the spark plug and also the 
pulse occurring in some part of the spark plug circuit, 
such as the primary of the ignition coil, and resulting in 
such applied pulse. As used herein "delayed version' 
of the ignition pulse includes a delayed ignition pulse, 
an ignition pulse which has been changed in shape or 
amplitude, or both, and also delayed, and a new pulse 
initiated by the ignition pulse at a time delayed after the 
occurrence of the ignition pulse. 

Other objects and advantages will occur to those 
skilled in the art from a consideration of the following 
specification taken in connection with the accompanying 
drawing in which, 

Fig. 1 is a schematic diagram of an engine analyzing 
system embodying the principles of this invention, 

Fig. 2 shows a series of curves useful in explaining 
the operation of this invention. 

In Fig. 1, internal combustion engine 10, only a part of 
which is shown, has cylinders 11. Each cylinder 11 has 
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at least one spark plug 15 and a vibration pickup 21. 
For the purpose of this example, it will be assumed that 
engine 10 is a 16 cylinder V-type engine, that the delay 
between the firing of a left bank plug and the firing of 
its right bank mate is approximately 36 of crank shaft 
rotation, and that the delay following the firing of a 
right bank plug before the next plug is fired in the left 
bank is approximately 54. It is further assumed that 
the engine is governed at 327 revolutions per minute so 
that these degree figures are directly expressible in milli 
seconds, 36 being approximately 18 milliseconds and 
54 being approximately 27 milliseconds. 
There are provided four wafer-type, ganged, Switch 

sections, which are the vibration-observe section 31, the 
ignition-observe section 32, the trigger section 33 and the 
delay section 34. Sections 31 through 34 are respectively 
provided with contacts 35, 36, 37 and 38, each section 
having one contact for each cylinder of the engine 10. 
Contacts 35 of the vibration-observe section 31 are each 
connected to one of the input terminals 40. The con 
tacts of the ignition-observe section 32 are each con 
nected to one of a set of input terminals 41. The con 
tacts 37 of trigger section 33 are also respectively con 
nected to the input terminals 41. 
Each of input terminals 40 is connected to a different 

one of the vibration pickups 21. Each of the input 
terminals 41 is connected to the circuit of one of the 
spark plugs 15. 

In the engine 10 shown in Fig. 1, each spark plug 15 
is connected through a separate ignition coil 7 to a 
distributor, or interrupter 18, which connects a low 
voltage supply 19 in turn to each ignition coil and thus to 
each spark plug in a predetermined sequence. The igni 
tion coils 17 are shown mounted adjacent each spark 
plug 15 on engine 10. Each coil 17 consists of an auto 
transformer, the low voltage winding of which is con 
nected in series with the low voltage source 19 and inter 
rupter 18, and both coils of which are connected across 
ground and the associated spark plug. Each input termi 
nal 41 is connected to the ungrounded side of the low 
voltage winding of a different one of the ignition coils 17. 
To avoid unduly complicating the drawing, all of the 

terminals 40 and 41, there being 16 of each, have not 
been shown nor have all of the connections from termi 
nals 40 and 41 to the contacts 35 and 36 and to the vibra 
tion pickups 21 or to the circuits of the spark plugs 15. 
Each of the switch sections 31 through 34 is provided 

with a wiper arm 43, 44, 45 and 46, respectively. 
Arms 44, 45 and 46 are ganged together, being fixedly 

mounted on rotatable shaft 47 which may be selectively 
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rotated by knob 50. Arm 43 is fixedly mounted on shaft 
58 for rotation therewith. Shafts 47 and 58 are connected 
together through differential 49, the third shaft 59 of 
which is provided with a knob 48 for selective rotation. 
Rotation of knob 50, with knob 48 remaining stationary, 5 
will rotate arms 43. 44, 45 and 46 by the same amount. 
Rotation of knob 48, with knob 50 remaining stationary, 
will alter the relative rotative position of arm 43 with 
respect to arms 44, 45 and 46. Rotation prevention 
means such as brakes or a worm wheel, may be provided 10 
on shafts 47 and 58 to insure that these shafts turn only in 
response to manipulation of their respective knobs 50 
and 48. Alternatively, they may be held from rotation 
manually when desired. 
Arm 43 of the vibration-observe switch section 31 is 15 

connected to one terminal of switch 51, the other termina 
of switch 51 is connected through vibration amplifier 52 
to the vertical deflecting plates 53 of cathode ray tube 54. 
Cathode ray tube 54 also includes electron gun 55, hori 
zontal deflecting plates 56 and screen 57 providing a visi - 20 
ble trace upon impingement thereon by the electron 
beam. 
The wiper arm 44 of the ignition-observe switch sec 

tion 32 is connected to one terminal of the switch 60. 
The other terminal of which is connected directly to the 2 
vertical deflection plates 53. The movable contacts of 
switches 51 and 60 are ganged for simultaneous and op 
posite operation so that switch 51 is open when switch 
60 is closed and vice versa. 
The wiper arm 45 of trigger switch section 33 is con- 30 

nected through condenser 63 and potentiometer 64 to 
ground. The movable tap of potentiometer 64 is con 
nected through condenser 65 and through rectifying crys 
tal 66 to the plate of triode 70. The junction of crystal 
66 and condenser 65 is connected through resistor 73 to 3. 
a source of plus potential. The plate of triode 70 is con 
nected through a resistor 75 to a source of plus potential 
and through condenser 76 and resistor 77 to the grid of 
triode 78 which is also connected through resistor 79 
to ground. 4() 
The grid of triode 70 is connected through resistor 80 

and condenser 81 in series to the plate of triode 82 which 
is also connected through resistor 83 to a source of plus 
potential. The junction of resistor 80 and condenser 81 
is connected through resistor 84 to a source of plus pO- , - 
tential. The cathodes of triode 70 and 82 are connected 
together and through resistor 85 to ground. The grid of 
triode 82 is connected through condenser 88 to ground 
and to the wiper arm 46 of delay switch section 34. 

Alternate ones of the contacts 38 of delay switch sec- ?? 
tion 34 are connected to bus 90 while intermediate ones 
of the contacts 38 are connected to the bus 91. Bus 91. 
is connected to the sliding contactor of potentiometer 95. 
Bus 90 is connected to the sliding contactor of poentiom 
eter 94. One end of the potentiometer 95 is connected - 
through resistor 96 to ground and to one end of resistor ' 
97. The other end of resistor 97 is connected to one end 
of potentiometer 94, the other end of which is connected 
through resistor 98 to a source of positive potential. The 
other end of potentiometer 95 is connected through re 
sistor 99 to the low potential end of resistor 98. }? J 
The cathode of triode 78 is connected to ground and 

its plate is connected through resistor 102 to a source of 
positive potential and to the grid of triode 103. The 
plate of triode 103 is connected directly to a source of 
positive potential. The cathode of triode 103 is connected C5 
through resistor 104 to ground and, through condenser 
105, to the control grid of a gas filled tetrode 106. The 
cathode of tetrode 106 is connected to ground and to the 
shield grid while its plate is connected to the junction 
of resistors 107 and 108. The control grid of tetrode 7') 
106 is connected through resistor 111 to a source of nega 
tive biasing potential c-. The other end of resistorio, 
is connected through resistor 113 to a source of plus 
potential. The junction of resistors 107 and 113 is con 
nected through variable resistor 109 to ground, The 75 
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other end of resistor 108 is connected to the input of sweep 
amplifier 110 and throught condenser 112, to ground. 
The output of sweep amplifier 110 is connected to the 
horizontal deflection plates 56 of cathode ray tube 54. 
The spark plug circuits are connected from coils 17, 

as cxplained above, through terminals 41 to the con 
tacts 36 of ignition-observe switch section 32 so that con 
tacts 36 taken in one direction (shown as clockwise in 
Fig. 1) are connected to the spark plugs 15 in their firing 
order. Vibration pickups 21 are connected through ter 
minals 40 to contacts 35 of vibration-observe switch sec 
tion 31 so that contacts 35 taken in the same direction as 
contacts 36, are connected to the pickups 21 in the order 
of firing of their respective cylinders. The contacts 37 
of trigger switch section 33 are connected through ter 
minals 41 to spark plugs 15 so that, taken in the same di 
rection as contacts 36, the contacts 37 are connected to 
spark plugs 15 in their firing order. The wiper arms 44 
and 45 are arranged so that when arm 44 of the ignition 
observe Section rests on any contact 36 corresponding to 
any one cylinder being observed, then arm 45 of the trig 
ger Section rests on the contact connected to the spark 
plug of the cylinder which immediately precedes said 
observed cylinder in the firing order. The contacts 35, 
36 and 37 in Fig. 1 are each marked with a number to 
show their corresponding cylinder number and with a 
letter (R or L) to indicate whether the corresponding 
cylinder is in the right or left bank. When arm 44 is 
connected to a cylinder such as 1L, which is preceded 
by a 27 millisecond non-firing interval, the grid of tube 82 
is connected to potentiometer 94. On observing cylinders 
preceded by 18 millisecond non-firing intervals, the grid 
of tube 82 is connected to potentiometer 95. 

In operating the device shown in Fig. 1, the ganged 
switches 51 and 60 are thrown to the left if it is desired 
to observe an ignition pattern on the screen 57 of cathode 
ray tube 5-4. If, for example, it is desired to observe the 
ignition pattern of the first cylinder in the left bank of 
engine 10, knob 50 is rotated until the wiper arm 44 of 
the ignition observe switch section 32 makes connection 
with the contact of the input terminal connected to the 
first left cylinder. Wiper arm 45 of the trigger switch 
Section 33 is ganged with wiper arm 44 of section 32 in 
Such manner that when wiper arm 44 connects with 
the first left cylinder, wiper arm 45 connects with the third 
cylinder of the right bank, the cylinder which fires imme 
diately preceding the firing of the first left cylinder. What 
ever cylinder is selected for observation by the wiper 
armi 44, the wiper arm 45 will automatically make con 
nection with the cylinder firing immediately preceding 
thereto. 
The Successive ignition patterns of seven of the cylin 

cers as they fire successively is shown in Plot A of Fig. 
2. It will be noted that the left bank cylinder follows its 
preceding firing in the right bank by 54 while the suc 
ceding firing in the right bank follows by 36°. The vari 
ous ignition patterns shown in Plot A each appear in one 

- of the circuits associated with one of the spark plugs 
15. The composite of ignition pattern shown in Plot. A 
does not appear in any one wire in Fig. 1. The other 
plots B through G of Fig. 2 do appear in various parts of 
Fig. 1 and a notation is made in Fig. 1 of these parts. 
With wiper arms 4-4 and 45 resting on contacts 36. and 

37, respectively corresponding to cylinders 1L and 3R, 
respectively, the ignition pattern from the third right 
cylinder is applied through potentiometer 64 which is 
emloyed for threshold control to prevent small spurious 
signals from initiating a time base sweep on screen 57 of 
tube 54. The crystal diode 66 is used to insure that only 
the negative portion of the trigger signal is applied to 
the multivibrator consisting of tubes 70 and 82. Re 
istor 73 biases the diode 66 in a non-conductive direction 
So that a large signal is needed to trigger multivibrator 
70-82, and the small spurious signals present will not 
appear at the multivibrator input. 
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ometers 95 and 93 through the resistor 98 in place of the 
constant potential shown in Fig. 1. 
While the embodiment of this invention set forth above 

employs an ignition pulse for triggering the time base of 
the analyzer, it will he understood that any changing 
physical characteristic associated with and bearing a time 
relation to a cylinder cycle may be used for this purpose. 
Such characteristics might incluide vibration, fue injec 
tion, internal cylinder pressure and temperature. 
triggering system herein disclosed is thus adaptable to a 
compression-ignition type of engine, the injection incch:- 
nisms being a cenvenient triggering means. 

If the engine is provided with a dial ignition systein, 
the performance of all the spark plugs could be observed 
by adding a second ignition-observe section to the switch 
of Fig. 1 with a wiper arm fixed for retation with shaf: 
47. The contacts of this second ignition-observc scc.icn 
would be connected through a separate set of input termi 
nals to the second set of spark plugs. The stationary con 
tact of switch 60 would then be connected to the wiper 
arm of either of the ignition observe sections by a two 
position svitch. Vith this arrangement the trigger puses 
would be provided from the original set of spark plugs 
with either set under observation. 

While it is desirable to have the time base sweep on 
screen 57 triggered as short a time as possible before the 
occurrence of the beginning of the pattern to be ohserved, 
it is possible that in sonne engines, the preceding spark 
plug firing might occur less than the desirable period (here 
taken as 3 milliseconds) before the observed pattern. In 
such case the trigger pulse could advantageously be de 
rived from the circuit of the spark plug immediately pre 
ceding by two (or more if necessary) of the observed 
pattern. 

It will further be understood by those skilled in the 
art that the trigger circuit herein disclosed and consisting 
of Switch sections 31, 32, 33 and 34 and the circuitry 
associated with triode 70, 82, 7S and 103 could either be 
incorporated in a complete engine analyzer component 
along with the cathode ray tube, the amplifying and Sweep 
circuits, or said trigger circuit could be manufactured as 
a Separate lenit to be interconnected with and used with 
a separate analyzer normally employing the output of a 
Iotating wave generator to achieve synchronization. In 
put terminals 3 and 41 would normally be prongs of a 
jack into which a cable plug would fit, the cable would 
contain the wires connected to the plugs 5 and the vibra 
tion pickups 21. w 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the Scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: 
1. A trigger delay circuit including at least observe 

and trigger Switch means, each having an equal plurality 
of contacts and a wiper arranged to selectively make con 
nection with any of its associated contacts, a first plurality 
of input terminals each of which is connected to a differ. 
ent contact on each of Said observe and trigger switch 
means, a first cutput terminai connected to the wiper of 
said observe Switch means. a delay means connected to 
the wiper of Said trigger switch means, a second Outnut 
terminal connected to the output of said delay means. 
ganging means connected to each of said wipers and ar 
ranged to move Said observe wiperto any associated con 
tact connected Vºith a Selected input terminal and to simul 
taneously connect the trigger wiper to a corresponding 
contact connected to a different input terminal, a delav 
switch including a plurality of contacts equal in number 
to the contacts on each of said switches and a wiper ar 
ranged to make connection with any of said last-men 
tioned contacts, said ganging means being arranged to 
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connect the wiper of said delay Switch means to a con 
tact corresponding to the contact connected by the wiper 
of the observe switch, the contacts of Said delay switch 
being connected to said delay means so that said delay 
means provides one delay when said delay switch wiper 
connects with alternate contacts and another delay when 
said wiper connects with intermediate contacts, said delay 
means including a monostable multivibrator comprising 
two electron discharge devices each having a cathode 
plate and control electrode and in which the delay Switch 
wipar is connected to the grid of one of Said multivibrator 
tubes, and alternate contacts of said delay Switch means 
being connected to one bias potential of the discharge 
devices and intermediate contacts of Said delay switch 
means being connected to another bias potential of the 
discharge devices. 

2. A method of analyzing the operation of an internal 
combustion engine having a plurality of alternately fir 
ing cylinders with unequal periods bctween successive 
firing cycles of a given duration for half the cylinders 
and of a diuration different than te given durantion for 
the other half of the cylinders comprising the steps of 
producing a pulse corresponding to a timed cyclic event 
associated with the cylinder firing immediately preccd 
ing the firing of the cylinder to be observed, delaying said 
pulse by a delay period of one duration for half the cyl 
inders and another duration different than the cne dura 
tion for the other half of the cylinders, initiating the 
prociuction cf a time base by the Said delayed pulse, and 
displaying on the time base. a changing physical charac 
teristic of the cylinder chosen to be observed. 

3. An engine analyzer for an engine wherein a plurality 
of Successively firing cylinders have unequal time periods 
Separating the occurrence of a characteristic of each cyl 
inder operation to be observed, said engine analyzer coin 
prising means adapted to be associated respectively with 
each of Said cylinders for Supplying a sign:l representing 
Said characteristic, a cathode ray tube, an ecctricial cir 
cuit including a first switch for selectively coupling any 
one of said means to said tube, means for generating 
and applying a Sweep wave to said tube, means including 
a Second Switch operable with said first Switch for select 
ing the next previously fired cylinder to that chosen by 
the first Svitch and for supplying a control signal in timed 
relation to the occurrence of a preselected event in the 
cycle thereof for initiating an operation of said Swecp 
Wave generating means, and means operable with said 
Switches for Selectively effecting time delays of different 
but predetermined lengths between the occurrence of said 
control Signals and the initiation of operation of said 
Sweep Wave generating means. 

4. An engine analyzer for an engine wherein a plur:lity 
of Successively firing cylinders have unequal time periods 
Separating the occurrence of a characteristic of each cyl 
inder operation to be observed, said engine analyzer com 
prising means adapted to be associated respectively with 
each of Said cylinders for supplying a signal representative 
of Said characteristic. a cathode ray tube, in electrical 
circuit for Selectively coupling any one of said ineans to 
Said tube, a sawtooth waveform generator for operating 
said tube, means for triggering said generator in accord 
ance with a control signal corresponding to a timed 
cyclic event in the previously fired cylinder, and selective 
delay means for the control signal cffecting tinne delays 
of different but predetermined lengths depending on the 
Selected cylinder for operating said triggering mans. 

5. An engine analyzer comprising a set of terminyls 
each adapted to be connected to a pickun associaticd with 
a different cylinder of an internal combustion engine and 
adapted to provide an electrical wrve repre; it 'tive of 
one type of characteristic of the operating cycle of the 
observed cylinder, a Sawtooth waveform Sito, Illins, 
for triggering said generator, means for obtaining a con 
trol signal for said triggering means corresponding to a 
timed cyclic event in the cylinder firing previously to the 
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observed cylinder, and means for providing a given time 
delay of one duration for half of the cylinders and a delay 
of a different duration for the other half of the cylinders 
between the occurrence of said control signal and the ini 
tiation of said sawtooth generator depending on the ob 
served cylinder. 

6. An engine analyzer comprising a set of terminals 
each adapted to be connected to a pickup associated with 
a different cylinder of an internal combustion engine and 
adapted to provide an electrical wave representative of 
one type of characteristic of the operating cycle of the 
observed cylinder, a cathode ray tube, a sawtooth wave 
generator for operating said tube, first switching means 
arranged to connect the terminal of the cylinder operating 
previously to the cylinder being observed for obtaining 
a control signal to control said wave generator, means 
for providing time delays of different but predetermined 
lengths between the occurrence of said control signal and 
the initiaiton of said sawtooth generator, and second 
Switching means ganged to said first switching means ar 
ranged to connect the terminal of the cylinder being ob 
served to said cathode ray tube. 

7. An engine analyzer for an engine wherein a plurality 
of successively firing cylinders have unequal time periods 
separating the occurrence of a characteristic of each cyl 
inder operation to be observed including a set of termi 
rials each adapted to be connected to a pickup associated 
with a different cylinder of the engine to provide an elec 
trical wave representative of one type of characteristic 
of the operating cycle of the associated cylinder, a cath 
ode ray tube, a sawtooth waveform generator for operat 
ing said tube, a control circuit for said generator includ 
ing two time delay circuits providing different time de 
layed operations of said control circuit, and cylinder 
selector means comprising a first switch connecting the 
control circuit to the terminal of the cylinder fired pre 
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10 
viously to the observed cylinder and a second switch 
ganged to the first switch including one of the time delay 
circuits in said control circuit depending on the cylinder 
chosen to be observed. 

8. A trigger delay circuit including at least observe 
and trigger switch means, each having an equal plurality 
of contacts and a wiper arranged to selectively make 
connection with any of its associated contacts, a first plu 
rality of input terminals each of which is connected to a 
different contact on each of said observe and trigger switch 
means, a first output terminal connected to the wiper of 
said observe switch means, a delay means connected 
to the wiper of said trigger switch means, a second out 
put terminal connected to the output of said delay means, 
ganging means connected to each of said wipers and ar 
ranged to move said observe wiper to any associated 
contact connected with a selected input terminal and to 
simultaneously connect the trigger wiper to a correspond 
ing contact connected to a different input terminal, and a 
delay switch including a plurality of contacts equal in 
number to the contacts on each of said switches and a 
wiper arranged to make connection with any of said last 
mentioned contacts, said ganging means being arranged 
to connect the wiper of said delay switch means to a 
contact corresponding to the contact connected by the 
wiper of the observe switch, the contacts of said delay 
switch being connected to said delay means so that said 
delay means provides one delay when said delay switch 
wiper connects with alternate contacts and another delay 
when said wiper connects with intermediate contacts. 
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