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MODULAR OSCILLOGRAPH
Kaueno E. Sthvonen, Arcadia, and Albert W. Fischer,
Pasadena, Calif,, assignors to Consolidated FElecizo-
dynamics Corporation, a corporation of Califernia
Filed Sent. 29, 1260, Ser. No. 57,289
9 Claims., (CL 346—109%)

This invention relates to oscillography, and more par-
ticularly, to an improved oscillograph whose components
are modularized.

An oscillograph, that is, an apparatus for producing a
graphic record representing the instantaneous values of a
varying electrical quantity as a function of time, is an
extremely complex instrument., The oscillograph consists
basically of a galvanometer connected to an electric quan-
tity source, and recording means adapted to produce a
graphic record in response to the actuation of the gal-
vanometer by the electric quantity. Modern oscillographs
utilize a light beam reflected from a galvanometer mirror
onto photosensiiive recording material to produce the
graphic record of the electric function, thereby providing
a recording system which is inertialess with the exception
of the galvanometer. Drive means are provided to move
the photosensitive recording material, usually in the form
of a roll of paper, past the recording light beam. Variouns
systems for developing the recorded image on the photo-
sensitive paper have been utilized, with the current ob-
jective of such developments being to render the image
visible as soon as possible after recording. By the use of
a roll of photosensitive paper, a method for providing a
continuous record of the electric function is provided.
Various control circuits conventionally are included in the
oscillograph in order to give some versatility to the opera-
tion.

The oscillograph is a comparatively expensive device,
In order to reduce. the cost of such oscillographs, it has
been the practice, in the past, to standardize the features
offered. in a particular apparatus, so as to permit the
economy of assembly-line manufacture. However, this
practice has resulted in the inclusion of features for which
a particular purchaser may have no need. These features
are purchased since it is more economical to include them
in the apparatus as marketed, than to construct a cus-
tomized oscillograph for the individual purchaser, Alter-
natively, a purchaser will often need a number of oscillo-
graphs, but will have a need of utilization of the oscillo-
graphs such that only a limited number of complex in-
siruments are required, simple instruments ordinarily suf-
ficing. However, the complex instruments may be re-
quired at different locations at various times.. The pur-
chaser must then either select ail of his instruments to
include the complex features required only occasionally
or must transport a single instrument having these features
to the various locations as required and substitute less
complex instruments when these features are not required.
In either case, the end result is that the purchaser is put
to additional expense, both in time and in equipment, in
order to meet his oscillographic needs.

According to the present invention, an oscillograph .is
divided into sub-assemblies which are modularized; that
is, self contained and dimensionally standardized. These
sub-assemblies are interchangeable between instruments
and enable an oscillograph to be assembled for the partic-
ular application required. The medules (i.e., the dimen-
sionally standardized sub-assemblies) include the oscil-
lographic mechanisms themselves and the control circuits,
Thus, modules for a drive power source, a recording mech-
anism, a paper transport mechanism, and galvanometer
input connections are included in a housing for the oscil-
lograph. The housing also contains the appropriate con-
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trol modules which include, for example, a paper transport
speed control module, a light recording intensity: control
module; an on-off control medule and an automatic re-
cording length control module; RBecause of the novel
concept of the invention, i.e., modularization of the oscil-
lograph, the individual modules have novel structures
themselves.

The invention may be more readily understood by re-
ferring to the accompanying drawings in which:

FIGURE 1 is a perspective view of a modular osciilo-
graph according to the invention;

FIGURE 2-is an exploded perspective view of the
oscillograph of FIG. 1;

FIGURE 3 is a plan view of the drive and transmission
moduie for the oscillograph of FIG. 1;

FIGURE 4 is a side elevation of the module of FIG, 3;

FIGURE 5 is.a sectional plan view of the drive trans-
mission of FIG, 3;

FIGURE 6 is a section side elevation of the transmis-
sion;

FIGURE 7 is a sectional side elevation of an optical
module for the oscillograph of FIG. 1;

FIGURE 8 is a partial plan view of the lamp mounting
assembly of the optical module of FIG. 7;

FIGURE 9 isa sectional view taken along lines 9—9
of F1G. 8;

FIGURE 10 is a sectional side elevation.of an alternate
embodiment of the optical module;

FIGURE 11 is a partial plan view in section iilustrating
the path of reflection of the recording radiations;

FIGURE 12 is a rear perspective view of the paper
transport module;

FIGURE 13 is a side elevation of a transport module
of FIG. 12;

FIGURE 14 is a view in cross section of the roller
spring assembly of the transport module;

FIGURE 15 is a side elevation partially in section of
a paper supply indicator assembly;

FIGURE 16 is a plan view partially in section of the
paper supply indicator assembly taken along lines 16—16
of FIG. 15; ~

FIGURE 17 is a side view of a record event numbering
assembly;

FIGURE 18 is a sectional side elevation of the record
event numbering assembly taken along lines 18—18 of
FIG. 17;

FIGURE 19 is a detail sectional view of a portion of
the record event numbering assembly;

FIGURE 20 is a detail sectional view of a portion of
the record event numbering assembly;

FIGURE 21 is a detail sectional view of a- portion of
the record event numbering -assembly;

FIGURE 22 is a sectional side elevation of an automatic
record length control assembly;

FIGURE 23 is an elevation of the circuit input and
output board of the automatic record length control as-
sembly;

FIGURE 24 is an elevation of the contact mounting
plate for the automatic record length control assembly;

FIGURE 25 is an elevation of the circuit interrupter
plate for the automatic record length control assembly;

FIGURE 26 is a side elevation of the modular oscillo-
graph; and

FIGURE 27 is a schematic of a diagram of a power
supply utilizable with the modular oscillograph of the
present invention. :

Referring now to FIG. 1 there is shown a view in per-
spective of a modulator oscillograph 49 according to
the invention. The modular oscillograph 49 has a hous-
ing 59 which holds the chassis 51 containing various
modules of the oscillograph. An input module 52 con-
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tains input connections to which are connected the var-
ious electric functions to be recorded. A paper trans-
port module 53 has recording paper 54 being transported
across the open side thereof. The paper 54 has thereon
various graphic representations 55 of varying electric
function. An optical module 56, only a portion of
which is visible in FIG. 1, is contained within the chassis
51 behind the paper transport module 53. Various con-
trol modules including a recording intensity module 57,
a power on-off module 58, a paper transmission speed
module 59, an operate-standby module &8, 2 timing con-
trol module 61, and an automatic record length module
62, are included. A blank section 63 permits the inclu-
sion of additional control modules as may be required.
A drive transmission module is included in the oscil-
lograph 49, but being mounted in the rear portion of the
oscillograph 49 is not visible in FIG. 1.

FIGURE 2 is an exploded view of the modular oscil-
lograph 49 showing the input module 52, paper trans-
port module 53, and the optical module 56 separated
from the chassis 51 of the oscillograph 48. The control
modules §7-62 remain in the positions shown in FIG. 1.
A drive roller 70 in the chassis 51 is utilized in connec-
tion with an idler roller (not shown) to provide the ten-
sion required to unwind the recording paper from the
paper roll (not shown) contained within the paper trans-
port module 53. The optical module 56 contains a bank
of galvanometers (not shown) to which are connected the
electric functions to be recorded. Connecting wires
(not shown) extend from the input module 52 to galva-
nometer assembly blocks 72 to make a direct connection
between each input and the associated galvamometer.
An optical module power connector 73 in the chassis 51
connects to an optical module connector (not shown)
of the optical module 56.

FIGURES 3 and 4 depict a drive and transmission
module 29. The drive and transmission module consists
of a motor 100 and a transmission assembly 181 con-
nected together by means of a drive belt 192. The mo-
tor 180 and transmission 161 are each mounted on a
base plate 103 which serves as the base of the module
£9. The motor 160 may be, for example, any conven-
tional electric motor, However, the transmission as-
sembly 161 is preferably the novel transmission assem-
bly to be described with respect to FIGS. 5 and 6.

Referring to FIG. 5, there is shown a sectional view
of the transmission 101 depicted in FIGS. 3 and 4.
The transmission 161 has a drive shaft 150. The drive
shaft 156 is held in position in the transmission assembly
181 by means of a pair of ball bearing assemblies 151,
shown in section, within which the drive shaft 158 rides.
An output drive shaft 152 is similarly held in position
in the transmission 161 by a pair of ball bearing assem-
blies 153. A torque transfer shaft 1584 consists of a
first shaft section 155, which is aligned parallel to the
input drive shaft 156, and a second shaft section 156,
which is aligned parallel to the output drive shaft 152.
The two torque transfer sections 155 and 156 are con-
tained within the transmission assembly 101 by two pairs
of ball bearing assemblies 157 and 358, respectively.
The two torque iransfer shaft sections 155 and 156
are connected together by means of a shaft coupling 159.
The first torque transfer section 155 includes three clutch
and gear assemblies 180, 161 and 182. The output
shaft 152 contains four clutch and gear assemblies 163,
164, 165 and 166. A rotating pinion and gear assem-
bly 178, a fixed pinion and gear assembly 171, and a
fixed hub and gear assembly 172 are mounted on the
input drive shaft 159 so as to engage the opposite aligned
portions of the clutch and gear assemblies 169, 161 and
162. Similarly, two hub and gear assemblies 175, 176,
and two rotatable hub and gear assemblies 177 and 178
are mounted on the second torque transfer shaft 15§
so as to engage portions of the clutch and gear assem-
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blies 163-166 aligned opposite therefrom on the output
drive shaft 152. The clutch assemblies 168 and 166
differ from the clutch assemblies 161-1653, in that the
former are always in engagement with the shaft asso-
ciated therewith, whereas the latter are normally dis-
engaged by means of solenoids 181, 182, 183, 184 and
185 associated, respectively, with the clutch and gear
assemblies 161-165. The operation of the solenoids
181-185 with regard to the clutch assemblies 161-165
is described with respect to FIG. 6.

By selecting one of the three clutches 160-162, and
one of the four clutches 163-166, to drive their respec-
tive shafts, a selection of any one of twelve predeter-
mined driving speeds can be applied by the output shaft
152 for a constant rotaticnal input rate at the input shaft
1590. Rotation of the input shaft 159 causes the fixed
pinion and gear assembly 171 to rotate, thereby rotating
the clutch 161 at a large gear 190 associated therewith.
The large gear 190 is directly connected to a small gear
191 on an outer assembly of the clutch 161. The outer
assembly, that is, the portion of the clutch 161 which
contains the gears 190 and 191, is separated from an
inner assembly 192, which engages the first torque trans-
mission drive shaft section 154 directly, by means of a
cylindrical bearing 193. The use of the bearing surface
193 prevents the transmission of torque directly from
the outer portion of the clutch 161 which contains the
gears to the inmer portion 192. However, torque may
be transmitted between these two sections of the clutch
161 by means of a coil spring 195 which encloses por-
tions of both sections. Then the clutch 161 is engaged,
the coil spring 195 transmits torque between the outer
and inner sections of the cluich 161 and they, thereby
rotate together. However, when the clutch 161 is dis-
engaged, the coil spring 195 is unwound to the extent
that the section of the clutch 161 containing the gears
199 and 191 may rotate comparatively freely with re-
spect to the innmer section 192. The gear 191 of the
clutch 161 engages a gear 260 of the first rotatable
pinion and gear assembly 178. The first rotatable pinion
and gear 179 encloses the input shaft 150 and is freely
rotatable thereabout, due to the use of a pair of cylin-
drical bearings 261 annularly enclosing the shaft inter-
mediate between the shaft and the body of the pinion
assembly 170. A lubricating wick 202 insures proper
lubrication of the bearings. A second gear 203 of the
pinion assembly 170 engages a gear 295 of the clutch
assembly 168, The clutch assembly 166, as has been
previously stated, continucusly engages the first torque
transmission shaft 154, The gear ratio of the gears 191,
266, 203 and 205 is such that the clutch 160, when
driven, tends to drive the first torque transmission shaft
section 154 at a much siower rate than the shaft 154
is driven when the clutch 161 is engaged. For example,
a magnitude of 10 to 1 between these two driving speeds
may be utilized. Disengagement of the clutch 260 when
the first torque transmission shaft section 154 is being
driven by the clutch 161 is not necessary since the ro-
tation of the shaft 154, at the higher rate of speed due
to the engagement of the clutch 161, furnishes an over-
drive effect which eliminates the driving force applied
by the clutch 166, and thereby tends to unwind the coil
spring assocjated therewith. The rotation of the first
torque transmission shaft section 154 is transmitted to
the second torque transmission shaft section 158 by
means of the shaft coupling key 359. Thus, the second
torque transmission shaft 156 rotates at the same rate
as the first torque transmission shaft section 154. The
two fixed hub assemblies 175, 176 associated with this
second torque transmission shaft section 156 also rotates
at this same rate. However, the rotatable hub and gear
assemblies 177 and 178, associated with the second
torque transmisison shaft 156, are driven in a2 manner
similar to that described with respect to the driving of
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the clutch 160 by means of the fixed hub and gear as-
sembly 176.

Thus, clutch 166 is driven by the following process:
The fixed hub and gear assembly 176 contains a gear
216 which engages a large gear 211 on the clutch assem-
bly 164. A small gear 212 on the clutch assembly 364
engages a large gear om the first rotatable hub and
gear assembly 277, A large gear 214 on the first rotat-
able hub and gear assembly engages a small gear 215
on the clutch assembly 165.

A small gear 216, on the clutch assembly 165 engages a
large gear 217, on the hub and gear assembly 178, so as to
rotate the hub and gear assembly 178 about the second
torque transmission shaft 156. A small gear 218, on the
hub and gear assembly 178, engages a large gear 219 on the
clutch and ‘gear assembly 166. The large gear 219, of the
clutch assembly 166, is attached to an outer section 229 of
the clutch and gear assembly 166. This outer assem-
bly 220, therefore, rotates as it is driven by the gear
219. A clutch spring 221 engages the outer section 220,
of the clutch and gear assembly 166, as well as an inner
section 222 of that assembly so as to cause the inner
assembly 222 to rotate in unison with the outer assem-
bly 220. The inner assembly 222 is held in relative posi-
tion to the output shaft 152 by means of a pin 223
which fits in a recess 224 of the inner portion 222. Thus,
the output shaft 152 is caused to rotate in unison with
the inner section 222, the outer section 220, and the
large gear 219, of the clutch and gear assembly 166,
when the clutch and gear assembly 166 is engaged. The
outer assembly 220 is separated from the inner assem-
bly 222 by means of a bearing 225 and a washer 226.
A snap ring 228 holds the washer 226, in position. Thus,
the oufer portion 220 may rotate freely with respect to
the inner portion 222 and the output shaft 52 when the
clutch 221 is not engaged. However, as stated previous-
ly, the clutch and gear assembly 166 is continuously en-
gaged, - This clutch and gear assembly 166 provides the
lowest output rotation rate, and is overdriven when any
of the outer clutch and gear asesmblies 163-165 are
engaged.

Referring now to FIG. 6, there is shown a sectional
view of a portion of the transmission assembly 169
which illustrates the manner in which the clutch assem-
blies 161-165 operate. The solenoid 181 has a solenoid
arm 250 at one of four steps thereon so as to prevent
movement of the clutch wheel 251 when so engaged.
The solenoid arm 250 is held in the engaged position,
as shown in FIG. 6, by means of a spring 252 attached,
at-one end, to the solenoid assembly and, at the other
end, to the lug 253 extending from the solenoid arm
230. The action of the spring is such that the solencid
arm 259 is urged away from the solenoid 181. Actua-
tion of the solenoid 181 by an appropriate electrical cir-
cuit draws the solencid arm 250 to the solenoid 181
and disengages the arm 25¢ from the clutch wheel 251,
thereby, allowing the clutch wheel 251 to rotate freely.
Electrical circuits (not shown) appropriate to selectively
actuate the solencids 181-185 are comnected at a bar-
rier terminal strip 255. The clutch assembly 161 in-
cludes a housing 256 which encloses the coil spring
195. The housing 256 has a small aperture at one end,
thereof, adapted to receive the end of the coil spring so
as to hold ‘the coil spring in a fixed position with respect
to the housing. The coil spring firmly contacts an
outer portion 257 of the clutch housing to which the
gears are attached (see FIG. 5) so as to normally cause
the outer portion 257 to rotate with the housing 256
and thus, the gears attached thereto. The spring 195
is attached to the housing 256 and wound about the
outer gear clutch portion 257 such that clockwise move-
ment of the first torque transmission shaft 155 with the
respect to the outer clutch and gear housing 256 (the
movement of the shaft 155 being transmitted directly
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to the clutch and gear assembly infersection 192, as has
been previously explained) - causes the 'spring 195 to
tend to vnwind and no longer firmly contact the clutch
and gear outer portion 257. Motion of the type just
described is accomplished’ by causing the solenoid arm
250 to engage the gear wheel 251. When the solenoid
arm 256 is retracted, the gear wheel 251 no longer
causes the uawinding of the spring 195 and the spring
195 thereupon' firmly encloses the clutch gear assem-
bly outer portion 257. Rotation of the first torque
transmission- shaft 155 will then cause the outer gear
assembly portion- 257 to rotate in wunison therewith.
This rotational movement is transmitted to the gears
connected to the outer gear assembly 257. When the
solenoid arm 250 engages the gear wheel 251, free ro-
tation of the torque transmission shaft 154 and gear
assembly inner portion 192, with respect to the gear as-
sembly outer portion 257, is assured by the use of the
bearing 1%3. A solenoid arm  mounting rod 260 is
utilized for the mounting of the solenoid arms so that
the solenoid arms may pivot thereabout. Four nut and
bolt assemblies 261, 262, 263, 264 are utilized to as-
semble the varicus components of the transmission as-
sembly 108,

FIGURE 7 shows one embodiment of the optical
module 56. The optical module 56 contains a galva-
nometer block 361 which centains a bank of galvanom-
eters 382, one of which is shown in FIG. 7. Galvanom-
eter leads 303 connect the galvanometers 302 ‘to the
sources of the galvanometer inputs. "An optical assem-
bly frame 364 encloses the optical assembly 56 and has
a slide door 305 adjacent the galvanometer 382 to pro-
vide access thereto. " A point source lamp 306 acts as
a light source within the optical module 56. - Light from
the lamp 38§ is directed to the mirrors of the galvanom-
eters 362 in a manner to be described with respect to
FIG. 8.- This light is indicated by the dotted line 308.
The light reflected from the galvanometer mirrors strikes
a first mirror 319, which is axially adjustable, and is re-
flected therefrom through a cylindrical convex lens 311
onto a roller 312, The roller 312 is described more
fully with respect to the transport module 53.

Light from the lamp 306 also passes through a sec-
ond convex lens 315 and falls onto a'second mirror 316,
as is indicated by the dotted line 317. The light reflected
from the mirror 316 falls upon a third mirror 318, from
which it is reflected to a fourth or collimating mirror
319. The light reflected from the fourth mirror 319
strikes a fifth mirror 320, from which it is reflected on-
to the roller 322 through an ordinate forming plate 321.
The ordinate forming plate 321 is generally opaque,
but has portions transparent to light from lamp 392 so
that light passing -through these portions “records  a
series - of parallel lines 324, corresponding to the signal
amplitude or Y-axis cordinate lines, on a recording me-
dinmn which' passes over the rtoller 312. The amplitude
cordinate plate 321 is held near the roller 312 by means
of a plate holder 322 and a spring 323.

A timing lamp 330 is periodically flashed on by an
electrical circuit (not shown). The frequency of the
flashing is determined by the rate of transport of the
recording medium, so that the light from the ‘timing
lamp 330 follows the path illustrated by. the dotted. line
331 and falls upon a sixth mirror 332 from which it is
reflected onto a seventh mirfor 333. The light reflected
from the seventh mirror 333, which is axially adjustable,
passes through a third convex cylindrical lens 334 and
onto the roller 312 so as to form a lateral line across
the recording medium corresponding to each flashing of
the timing lamp, thereby, forming the time or abscissa
line (see line 335 in FIGURE 1) on the recording me-
dium. The ordinate lines are formed by the continu-
ous passage of light through the ordinate-forming ‘plate
321, as has been described in the preceding ‘paragraph.
It will be noted that the ordinate-forming ‘exposure
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occurs prior to the abscissa forming exposure. This
lack of coincidence in the time of forming ordinates and
abscissae is permissible since the ordinate line spacing
is constant, and not time-dependent. However, the ab-
scissa lines are time-dependent, and must be related to
the information-forming exposure resulting from light
passage through the cylindrical convex lens 311. There-
fore, the axially rotated dispositions of the first mirrer
310 and seventh mirror 333 are adjusted so that the
points of light reflected from the galvanometers 302 and
the first mirror 319 fall on the recording medium pass-
ing about the roller 312 so as to be superimposed on
the abscissa-forming line of light reflected from the sev-
enth mirror 333 through the lens 334, thus providing
coincident timing of the recording and time base expo-
sures.

In order to provide for identification of the individual
galvanometer tracings on the recording medium, a trace
interrupter mechanism 349 is utilized. This mechanism
340 consists essentially of a pair of trace interrupter
fingers 341 and 342 mounted on a continuous belt 343,
The belt is driven so that the fingers interrupt in se-
quence, the light beams passing from the lamp 3645 onto
the mirrors of the galvanometers 342,

A viewing path indicated by the dotted line 358 utilizes
an eighth mirror 351 to provide for direct viewing of
the point cn the roller 312 at which the timing line
radiation and information recording radiations coin-
cidently strike the roller. This viewing path 350 en-
ables the viewer to ascertain whether or not the optical
assembly is operating in a satisfactory manner and tim-
ing coincidence exists without the necessity of recording
on the recording medium. Thus, the necessary adjust-
ment for coincidence can be made prior to recording.

FIGURE 8 shows the assembly for mounting the lamp
306 together with the path along which light from the
lamp 306 is reflected omto the galvanometer mirrors.
The lamp 306 is housed in a lamp assembly housing 468.
The housing 480 has a pair of aperiures 401, 402 through
which the light from the lamp 306 passes. The light
passing these apertures 461 and 462 passes through one
of a pair of concave-convex lenses 403, 404 and strikes
one of a pair of mirrors 405, 466. The mirrors 405 and
406 are positioned at an angle so as to reflect the light
downward (as shown in FIG. 7) to strike the galva-
nometer mirrors. Electrical power for the lamp 395 is
provided through a pair of power leads 447, 468 which
connect between the lamp 366 and a power input termi-
nal 489. The quantity of light striking the mirrors 405
and 406 and, therefore, the intensity of the light striking
the galvanometer mirrors is controlled by a pair of
shutters 411 and 412. The operation of these shutters
will be described more fully with respect to FIG. 9. The
entire light assembly is contained in a housing 415.

FIGURE 9 is a sectional view taken along line 2—9
of FIG. 8 showing the shutter mechanism. The shutter
411 is divided into a first shutter portion 428 and a sec-
ond shutter portion 421. A pair of triangular connect-
ing elements 422, 429 each pivotally are connected to the
first and second shutter portions 420, 421. The first
triangular connecting element is alsc pivotally connected
to an actuating arm 425. The second triangular ccn-
necting element is pivotally connected to a support frame
426 of the lamp assembly. A torsion spring 427 is con-
nected to the first triangnlar connecting element 422 and
to the support frame 426. Movement of the actuating
arm 425 against the force exerted by the spring 427
opens the shutter by moving the portions 428, 421 apart
while maintaining their parallel alignment.

FIGURE 10 illustrates an alternate embodiment of the
optical module 56. The module shown in FIG. 10 has
an optical arm more than twice the length of the optical
arm of the embodiment shown in FIG. 7. However,
ihis extra length is accomplished by eliminating the print-
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ing of timing lines of the recording medium. In FIG.
10, the amplitude or ordinate markings are printed on
the recording medium in the same manner as was de-
scribed with respect to FIG. 7. In the embodiment of
FIG. 106, light from a lamp 38§ is deflected downward
and strikes the galvanometer mirrors of galvanometers
302" from whence it is reflected upward to strike the
seventh mirror 333’. The light is then reflected down-
ward from 333’ to strike the sixth mirror 332, from
whence it is reflected vpward to strike the first mirror
318’. The first mirror 318" is of a novel construction
which compensates the error introduced by high ampli-
tude signals, as is more fully set out in the copending
application, Serial No. 825,120 of Albert W. Fischer,
filed July 6, 1959, issued January 15, 1963, as United
States Letters Patent 3,073,215, assigned to Consclidated
Electrodynamics Corporation, the assignee of the present
application. From the first mirror 318, the light passes
through a cylindrical convex lens 311’ and strikes the
roller 3i2.

Referring now to FIG. 11, there is shown the structure
by which the light from the lamp 386" is deflected so as
to strike the mirrors of the galvanometers 362’. The
light from the lamp 306" passes out an aperture 440 and
through a double convex lens 441. An adjustment slit
442 is positioned at the focal point of the double convex
lens 441. A cylindrical concave mirror 443 is positioned
in the path of the light passing through the adjustment
slit 442 so as to deflect the light through a light limiting
aperture 444 in the light mounting assembly. The light
passing through the aperture 444 strikes a first deflection
mirror 445 from which it is refiected to a second deflec-
tion mirror 446 and thence downwardly to galvanometer
mirrors 447. The first and second deflection mirrors 445
and 446 are not shown in FIG. 10. The cylindrical con-
cave mirror 443 produces a thin line of light laterally
across the galvanometer mirrors 447 by focusing the light
to a line rather than a point at the galvanometer mir-
rors 447.

Referring now to FIG. 12, there is shown a rear per-
spective of the transport module 53. The transport mod-
ule 53 includes a pair of sides 501, which are held apart
by a pair of spacer rods 582. The spacer rods 562 are
attached to the sides 501 by bolts 563. The transport
module §3 has a platen 594, wkich extends from the top
along the outer side of the module, The writing roller
312, previously referred to with respect to FIGS. 7 and
10, extends between the sides 501 and is held in position
by means of a roller axle 585, which extends through
slots 586 in the sides 581. A pair of locking handles
398 (only one of which is shown in FIG. 12) are utilized
to lock the transport module into the oscillograph frame.
The locking handles 588 selectively extend and retract
spring-loaded lugs (see FIG. 13) 569 by camming sur-
faces (not shown),

A paper control assembly 518 is held in position be-
tween the sides 5¢1 by means of a pair of attaching arms
511, which extend into an attaching clamp assembly 512
having a clamp 513, which selectively locks a cover 514
between the sides 581, to which it is pivotally conmected.
The paper control assembly 510 has a windup tape 515
attached thereto. The windup tape 515 extends around
a paper supply 528 and, after passing over a tensioning
bar 5i6 (see FIG 13), is attached to a tape windup as-
sembly 519. The tape windup assembly 519 is utilized
to apply tension to paper held on the supply roiler 518
during operation so as to prevent the paper from un-
rolling excessively. A plug 529 holds the takeup assem-
bly 519 in position. The paper supply roller 518 is con-
nected to the sides 581 by means of a pair of holders 521.
The supply roller 518 is free to move laterally along a
bifurcation 522 in each of the holders 521. However, the
windup tape applies tension to the supply roller 518, so
as to urge the supply roller 518 toward the closed end
of the bifurcation 522,
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An-actuating arm 525 and a release arm 526 are at-
tached to the tape windup assembly 519, and their func-
tions will be more fully described with respect to FIG.
13. The actuating arm 525 rides against a solenoid arm
527 of a rotary solenoid 528. A cover 529 encloses an
electrical supply circuit (not shown) of conventional de-
sign for the solencid 528. - A take-up roller 531 is at-
tached to the side 561 by means of attaching plates 532
which have slots therein adapted to engage bearing as-
sembiies 533 which are mounted on a roller axle 534,
The take-up roller bearings 533 are held in position by a
pair of take-up roller clamps 536, which consist of clamp-
ing arms 537 and rotary clamps 538 of conventional
type. Each clamp 538 connect the attaching arm 537
associated therewith to the side 501. A magnetic clutch
shoe 539 is atiached to one end of the take-up roller 53%.

Referring now to FIG. 13, there is shown a side eleva-
tion of the transport module 53, taken along line 13—
13 of FIG. 12. The view of FIG. 13 is partially broken
away in order to more clearly iliustrate the paper supply
roller and associated structure.  The paper supply roller
518 is illustrated in both its loaded and its unloaded po-
sition.” The unloaded position of the paper supply roller
is illustrated by the dotted lead line, and the loaded po-
sition of the paper supply roller is ilustrated by the solid
Iad line. A roller axle 558, which extends into the
bifurcations 522 of the holder 521, is clearly shown both
in the loaded and in the unloaded positions. It will be
seen that the paper supply roller 5i8 is free to move in
the direction of the platen 584 as paper 551, contained
on the supply roller, is unrolied. - The path of the unrolled
paper is shown by a dotted line 552, which indicates the
path of paper transport through the transport module 53,
over the paper guide assembly 510, shown in dotted lines
as behind the attaching plate 511, around the writing roll-
er 312, and over the platen surface 584. At the lower
end of the platen surface 584, the paper passes onto a
metering roller 554, and between the metering roller 554
and the pinch roller 78. The metering roller 554 is driven
at-a regulated rate, and the pinch roller 76 rides against
the metering roller 554 and'is free to rotate. Thus, the
rotational rate of the two rollers 354 and 7€ is the same,
and they provide traction to pull the paper from the paper
roiler 518 along the path just described.

As the paper issues from the junction of the two rollers
554 and 70, it may either pass out of the oscillograph by
continuing to contact the pinch roller 78 and issue from
a paper outlet 569, or may be directed to the take-up roll-
er 531. A paper guide 562, adjacent the pinch roller 78,
insures that the paper will follow the path around the
pinch roller 70 and pass out the outlet 560, when it is
desired to view the paper directly. When it is desired
to feed the paper to the take-up roller 531, the paper

uide 562 is moved away from the pinch roller 70 by
rotating a paper guide set cam 563 one hundred and
eighty degrees from the position shown. It will be seen
that 2 portion 564, of the paper guide set cam 563, is re-
cessed so that a maximum movement of the paper guide
562 away from the pinch roller 79 is provided when the
cam 863 is rotated one hundred and eighty degrees from
the position shown in FIG. 13. The paper guide 562 is
urged away from the roller 70 by means of a spring 565
aitached by an attaching lng 566 at one end, and to the
paper guide at an arm 567 thereof at the other end. The
paper guide 362 is attached to the frame at a pivot 569
so as fo be free to move either toward or way from the
pinch roller 70 in response to the urging of the spring
565 and movement of the set cam 563.

The metering roller 554 is attached to the apparatus
frame.  When it is desited to completely remove the
module 53 from the frame, a slide lock 575, which con-
tacts a bearing surface 576 of the pinch roller 554 so as
to hold the bearing surface 576 .in an arcuate indentation
577 in the side of the transport module 83, is loosened.
Dotted lines indicate a sct screw 579 which is inserted in
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a slot 580 in the arm 575 so as to enable the arm 575
to be selectively fixed in the position shown, and to be
loosened to -permit the module 53 to be removed from
the roller 534 by moving.the arm 575 away from the in-
dentation 577.

FIGURE 14 shows a cross sectional view of the roller
spring assembly 519, the primary element of which is a
tube 689, The plug 526 has positioned therewithin ‘a
spring holder 681 through which a pin 682 extends, so
as to fix the spring holder 681 in position. “An aftaching
screw 603 extendsthrough the plug 528 and into a thread-
ed aperture in the side 561. - A second spring holder 665
is positioned in the central part of the tube 606 and is
attached thereto by means of a pin €87 which extends
through apertures in the tube 669 and the second spring
holder 685. A torsion spring 648 extends between. the
two spring holders 681 and 685 and is held by slots 610
in each.

About the portion of the tube 660 in which the second
spring holder 685 is positioned, a take-up tape holder 612
is held by a pair of C-rings 613, positioned in indentations
614 in the holder 12. The take-up tape 515 extends
around the lower cuter surface of the holder 612 and
then is inserted through a slot (not shown) therein so as
to be in contact with tiie inner upper sturface of the holder
612 and the tube 688. The pin 687 extends through the
take-up tape 515 and holder 612 so as to hold the tape
and holder 612 fixed with respect to the tube 606:

A compression release spring 628 is held in position
by a release spring holding block 621 which rides against
a pin 622 extending through the rod 668. At its oppo-
site end, the spring 620 abuts a washer 623 which rides
against-a clutch pin 624. The clutch pin 624 extends
through an apertuie in a releasing clutch actuating rod
625, the rod 625 ferminating in a head 626. A clutch
housing 627 is also held in position about the tube 689
by means of the clutch pin 624.

A drag torsion spring 63@ is wrapped around the tube
669 so as to be frictiondlly engaged therewith. The
spring 63¢ has two ends 631 and 632, which extend
through apertures in a spring housing 633 enclosing the
spring €39. The housing 633 :is connected to the tube
680 by means of a pair of dual flange bearings 634. The
drag torsion spring end 632 is clamped to the solenoid
actuated arm 525 by means of a nut and bolt combina-
tion 635. The drag torsion spring end 631 extends
through the housing 633 and contacts the cluich assem-
bly housing 627 and the extension arm 3526. With the
clutch assembly housing 627 in the position shown, a
camming surface 638 of the clutch assembly housing 627
forces the. spring end 631 into an unwound positicn, so
as to release the traction with which the spring 639 fric-
tionally engages the tube 668. When the head 626 is
pushed in, so as to be flush with the surface of the side
561, the camming surface 638 is forced away from the
spring end 631, allowing the spring 630 to exert traction
cn the tube 609. In this position, with the spring 639
exerting traction against the tube 660, if the solenoid
actuated arm 525 is rotated counterclockwise, the tube
600 will also be rotated counterclockwise. Insertion of
the module 53 into the oscillograph frame positions the
head €26 flush with the side 501 so as to cause the spring
€38 to exert traction on the tube 600.

During the operation of the module 53, the spring 608
exerts a counterclockwise torque (reference being had to
FIG. 12 regarding clockwise and counter-clockwise di-
rections) on the take-up tape 515, thus pulling the tape
tightly against the paper roll 551, During operation,
paper is normally being pulled off of the roll at a high
rate, for example, twenty inches per second. “'If the ma-
chine is deactuated, a certain amount of continued run-
ning off of the paper results, due to the inertia of the
paper roll 557 itself. Thus, it is necessary to apply an
additional stopping torque to the paper roll. This stop-
ping torgue is applied by rotating the tube 689 counter-
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clockwise to causc the tape 5i5 to exert additional drag
on the paper roll 551. The sclenoid 528 is actuated so
that the solenoid arm 527 moves the solenoid actuated
arm 525 counterclockwise. This counterclockwise move-
ment causes an angular displacement of the tube 689, thus
exerting an additional tightening effect on the paper roll
551 by means of the take-up tape 515.

Adjacent the plug 328, a record supply gear assembly
659 is attached to the tube 669 by means of a set screw
651 which extends through an attaching Hange 652 of the
gear assemboly 658, The gear assembly 650 includes a
gear 653. A bearing 654 provides for easy rotation of
the holders 521.

Referring now to FIGS. 15 and 16, the record supply
mechanism is illustrated as consisting of the record sup-
ply gear assembly 658, an intermediate gear assembly
689, and a drive gear assembly 661. The intermediate
gear assembly 668 includes a large infermediate gear 665
and a small intermediate gear 666 attached together and
mounted on an axle 667. The drive gear assembly 661
includes a gear 668 and an indicator wheel 69 having
record supply indicia impressed in a peripheral indicia
surface 678 thereof. The record supply and gear assem-
bly 661 is mounted on an axle 672. The axles 667 and
672 extend through a record supply mounting assembly
675. The recerd supply mounting assembly 675 is held
in position by means of a pair of bolts 676 which extend
through a cover plate 677 and the record supply mount-
ing assembly 675 engages the transport module side 581.
A transparent window 672 is attached to the record sup-
ply mounting assembly 675 so as to permit the viewing
of the indicia surface 679 through the window 679 and
an aperture 630 in the platen 564,

The indicia surface 679 is rotated to correspond to ro-
tation of the tube 680 by the interengagement of the
gears 653 and 665 and 668 and 668. As has been pre-
viously pointed out, the tube 689 rotates fo apply ten-
sion to the paper supply 551 by means of the tape 515.
Thus, when the paper supply 551 is at a maximum, the
tube 69¢ is disposed in a maximum counterclockwise
rotation. As the paper supply 551 diminishes, the tube
606 (as viewed in FIGS. 13 and 15) rotates clockwise in
continuing to apply tension to the tape 515. This clock-
wise rotation is utilized to indicate the amount of paper
remaining in the record supply. The exact gear ratios
may be adjusted with respect to the thickness of the
record material utilized in order to remder absolutely
accurate the indication of record length. However, in
actual practice, rongh approximation may be sufficiently
accurate so that a preselected gear ratio may be utilized
generally for a wide variety of types of recording paper.
Alternatively, wheels containing indicia appropriate for
different types of papers may be utilized for the indicia
surface §78. Thus, the same amount of rotation will
indicate differing amounts of paper supply for different
wheels,

Referring now to FIG. 17, a side elevation of an event
numbering assembly 889 is shown. The event number-
ing assembly 886 includes an outer shell 831 having a
recess 802 therein, within which are disposed a tens dial
aligning knob 8§93 and a hundreds dial aligning knob
§84. Anp aligning protrusion 865 in the recess 862 is
aligned with an aligning protrusion 886 of the tens dial
aligning knob €03 and an aligning protrusion 887 of the
tens dial 884 when it is desired to set the event num-
bering assembly to zero. A convex lens 889 is held in
an aperture in the shell 881 and is utilized to project
the event number from the assembly 888 onto the re-
cording medium. A pair of bolts 811 are utilized to
hold the assembly together.

FIGURE 18 is a sectional view of the event num-
bering assembly 800 taken along lines 18—18 of FIG.
17. A set of electrical terminals 815 are shown as dis-
posed on the opposite side of the assembly 830 from the
side shown in FIG. 17. The shell 801 consists of a face
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portion 8§16, an intermediate portion 817, and a terminal
attaching portion 818, to which the terminals 815 are
attached. The hundreds dial 824 includes a knob por-
tion 820, which is mounted to an axle $2% by a connect-
ing assembly 822. The connecting assembly 822 includes
a key 823 adapted to engage a slot 824 in a hundreds
dial attaching ring §25. A hundreds dial 826 is attached
to the hundreds dial attaching ring 825 by an attaching
arm 827. A hundreds dial ratchet 828 is attached to
the hundreds dial €26 and the attaching arm 827. The
axle 821 is mounted in the intermediats shell portion
817 in a recess 839 thereof, so as to be rotatable there-
within. Thus, the hundreds dial 826 may be rotated
by rotating the knob portion 820.

The tens dial aligning knob 893 is rotatably mounted
on the assembly attaching portion 822 and spaced from
the hundreds dial attaching arm 827 by washers 832
riding against a shoulder 833. The tens dial aligning
knob 803 is spaced from the shell portion 816 by a washer
834. A tens dial 835 and a tens dial ratchet 836 are
attached to the tens dial knob 893.

A flash lamp 840 is held in place within the inter-
mediate portion 817 by a pair of electrical contacts 841,
842. The electrical contacts 841, 842 are connected to the
terminals 815 by connecting leads (not shown). The
electrical contact 841 is held in position by a bolt 843
which engages the intermediate portion 817. The cir-
cuit (not shown) utilized to flash the lamp 848 is of con-
ventional design and includes a charging capacitor 844.

Light from the lamp 849, when flashed, falls on an
event number mirror 858 and an equipment identifica-
tion mirror 851. The light reflected from the event
number mirror 850 passes through the attaching arm
827 (which is made of transparent or translucent ma-
terial) and falls upon the hundreds dial 826 and tens dial
835. The hundreds dial 826 and tens dial 835 have
transparent portions therein which correspond to Arabic
numbers. The light passing through these transparent
portions falls on a number shield §54. The number
shield 854 has a hundreds dial number selecting aperture
855 and a tens dial number selecting aperture 855
through which the light passes and falis on a reflecting
mirror 857 in a disposition indicating the event num-
ber. This light is reflected from the reflecting mirror
857 through the convex lens 809, which is shown as held
in the shell portion 81§ by an annular fitting 85 so that
the image passes through an aperture $59 in the shell
portion 816 and falls on the recording medium to form
an image of the event number.

The light reflected from the equipment identification
mirror §51 passes through the intermediate portion 817
and falls on an equipment identification plate 866. The
equipment identification plate 866 has transparent por-
tions which correspond to the serial number of the equip-
ment and arrows indicating the direction of travel of the
recording medium and the instant of event recording.
The light passing through these transparent portions
passes by the mirror 857 and through the convex lens
869, then falls on the recording medium so as to pro-
vide a ready identification of the record when subse-
quently viewed. The tens and hundreds aperture form-
ing plate 854 is held in position by a bolt and washer
combination 876 which engages the intermediate portion
817 of the event numbering assembly 800,

Referring now to FIG, 19, there is shown the structure
utilized to position the hundreds dial 826 and tens dial
835 in the proper position in accordance with the num-
ber of the event. A solenoid 888, of the type which
rotates a shaft 881 upon actuation, is disposed within
the intermediate portion §17. The shaft 881 is connecte
to a circular plate 882, to which, in turn, is attached a
tfriangular plate 883 by means of three attaching bolts
834 and standoff lugs 885. The triangular attaching
881. An axle 886 is connected to the triangular plate
plate 883 is axially centered with respect to the shaft
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883 by means of a bushing 887 which is disposed to one
side to the triangular plate 883 so the axle is eccentrical-
ly positioned with respect to the shaft $81. Thus, when
the solenoid 880 is actuated, the axle 886 is displaced
laterally, rather than being soclely angularly displaced.
An actuating pawl assembly 880, consisting of a first
pawl 891 and ‘a second pawl 892, connected together
by a central connecting portion 893, is connected to the
axle 886 by a pair of attaching lugs 834, which enclose
the axle 886. The pawls 891 and 892 engage the ratchets
828 and 836, respectively.

A snap action switch 900 has a switch arm 961A ex-
tending therefrom, so as to be engageable with one of
the bolts 884 when the solenoid is actuated.  The snap
action switch 900 is utilized to actuate the flash lamp 340
which was described with respect to FIG. 18. The snap
action switch 999 has attached thereto a biasing arm 901B,
which engages one end of a biasing spring 902. . The bias-
ing spring 902 is disposed about the axle 886 and is uti-
lized to bias the pawls 891 and 892 so as to urge the pawls
against the ratchets 828 and 836.

FIGURE 20 is a partial section taken along lines 20—29
of FiG. 19, and illustrates the disposition of the ratches
828 and 836, triangular plate 883, snap action switch arm
900, arms 901, pawl assembly 820, and bias spring 992,
when the solenoid 880 is in its deactuated position. The
tens dial ratchet 836 is seen to have one tooth 965 which
is deeper than the remainder of the teeth. Tt will be noted
that the tens dial pawl 821 engages the tens ratchet 836
while the hundreds dial pawl 892 is retained above the
hundreds dial ratchet 828, due to the greater angle of
inclination of the pawl 891. However, when the pawl 891
engages the deeper tooth 905, the hundreds dial pawl 892
engages the ratchet 828. The actuation of the solenoid
880 causes the clockwise movement of the pawl assembly
890. The pawl 891 thus forces the ratchet 836 to move
clockwise upon the actuation of the solenoid €80. Upon
deactuation of the solenoid 880, the pawl assembly 899
moves in a counterclockwise direction to the position
shown in FIG. 20. Thus, with respect to the disposition
shown in FIG. 20, after the next succeeding actuation of
the ‘solenoid 880, the pawl 861 will ride in the ratchet
tooth ©05, thus enabling the pawl 892 to engage the ratchet
wheel 828. Such a disposition is shown in FIG. 21.

In FIG. 21, the pawl 891 engages the ratchet tooth $05,
permitting the pawl. 892 to engage the ratchet 828, as is
shown in FIG. 21.  Subsequent to the engagement of the
pawl 891 with the ratchet 828 shown in FIG. 20, the scle-
noid 880 has again been acluated. The pawl assembly
896 is thus moved clockwise, and the pawl 83X forces the
clockwise movement of the ratchet 836. When the sole-
noid 889 is deactuated, the pawl assembly 888 moves
counterclockwise and the pawls 891 and 892 engage the
ratchets 828 and 836. Actuation of the solenocid 889 then
causes the pawls 891 and 892 to move both ratchets 8§28
and 836 clockwise, so:as to advance both dials ‘826, §35.
The deactuation of the solenoid 880 causes the pawl 851
to engage a tooth 907 in the raichet 836. This tooth 967
is of a short depth, and thus the pawl 892 is unable to
engage the hundreds ratchet 828. In order to maintain
the ratchets 828 and 836 and thus the hundreds dial 826
and tens dial 835 in the positions set by pawl assembly
889, a dual stop pawl assembly 910 is utilized. The dual
stop pawl assembly 919 includes a pair of stop pawls 911,
only one of which is shown in FIG. 21. Each of the stop
pawls 911 engages one of the ratchets 828, §36. The stop
pawls 911 are mounted on an axle 912, and are ‘contacted
by a torsion bias spring 913, which is operable to urge
the pawls 911 apgainst the ratchets 828, 836. The bias
spring 913 is held in position by an end plate $14. Thus,
the ratchets 828, 836 are free to' move in a clockwise di-
rection in response to such urging by the pawl assembly
-890, but are prevented from moving in a counterclockwise
manner by the engagement of the pawls 911 with the teeth

of the respective ratchets 828, 836. Each time the sole-
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noid 8890 is actuated the tens dial ratchet 836 moves the
tens dial 835 to display the next succeeding number on
the dial. However, the hundreds dial 826 is only moved
at such time as a deeper tooth 905 occurs in the tens dial
ratchet 836. These teeth are spaced so as to occur at
every one hundredth tooth, and thus a couating function
is provided, whereby the hundreds dial is moved to indi-
cate the next one hundred number once for each hundred
actuations of the solenoid.

FIGURE 22 is a sectional side elevation of an auto-
matic record length control assembly 959. The auto-
matic record length control -assembly 938 is utilized to
automatically control the length of recording material
which is run off during the recording of an event. The
length of material to be run off is preselected by turning
a pointer knob 951 to the appropriate length, indicated on
a control panel 62, which is positioned in the front of the
oscillograph (see FIG. 1). The pointer knob 951 is at-
tached to a shaft 953 which extends through an aperture
284 in the control panel 952,  Mounted on the shaft 953,
by means of a mounting pin 955, which engages a slot 963
therein, (not shown, see FIG. 25) is a disk<shaped rotata-
ble contact mounting plate 956, having a first contact 957
and a second contact 958 extending therethrough. The
contact mounting plate 956 is disposed between a circuit
interrupter board 968 and circuit input and output boaid
961. ‘The circuit interrupter board 969 has an especially
configured  electrically conductive ring 962 exfending
therearound, as is miore clearly shown in FIG. 25. The
first and second contacts 957 and 958 are in contact with
the ring. A portion of the ring 962 is omitted, so that
when' the first electrical contact 957 reaches this point,
electrical circuit continuity does not exist between the
first and second contacts 957 and 958 through the ring
962.

The electrical circuit input and output board 961 has
an electrically conductive input ring 65 and an electrical-
Iy conductive output ring 966 concentrically disposed
thereon. The shaft 953 extends through the board $61
and s separated therefrom by a bearing 969. An elec-
trical input circuit 978 for the electrically conductive in-
put ring 965 is shown. The input and output board 261
has a bolt 875 extending therethrough so as to threadably
engage a standoff tube 276. A second bolt 977 holds on
the opposite end of the standoff tube 976 to a portion 978
of the oscillograph frame.

The automatic length control assembly 958 includes a
central ‘body portion 980, through which a passage 981
extends. A pair - of electrical leads 982 are. disposed
within the passage 981, and connect to two terminals 983,
284 of the solenoid 985, which is wound on a bobbin 286.
The shaft 933 is free to rotate in the passage 981. A
clutch assembly 996, which consists of a first clutch por-
tion %91, and a second clutch portion 992, encloses the
central body 989 and the solenoid £85. Bolts 993 (only
one of which is shown in FIG: 22) attach the circuit in-
terrupter board 962 to the second clutch portion 992, so0
as to fix the two in position with respect to each .other.
A spacer washer 894 and a snap ring 995 are disposed on
either side of a standoff plate ‘996, and the spacer washer
994, snap ring 995, and standoff plate 996 are positioned
between the sclenoid 985 and the second. clutch portion
$92. An arcuate spring washer 988 is disposed between
the first clutch portion $91 and the solenoid 985, so as to
force the solencid 985 against the spacer washer $94, and
urge the first clutch portion 891 away from the second
ctutch portion $92. The first clutch portion 991 is at-
tached to a circular gear 1098 by means of a pin 1061
extending-through passages 1582 and 1683, respectively,
thereof. The pin 1691 also extends into an aperturs 1604
in a cam 1865, so that both the first clutch portion 991
and cam 1085 are moved when the circular gear 1960 ro-
tates.. A worm gear 1866 engages the circular gear 1600
so that the gear 1089 is rotated by rotation of the worm
gear 1686. The worm gear 1006 is mounted on an exten-
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sion of the metering roller 70 so that the amount of rota-
tion of the circular gear 1888 is directly proportional to
the length of recording material utilized without regard
to the rate of transport of the recording material.

A snap action switch 1018 is contacted by the cam
10495, so as to close the switch 1010 periodically. Since
the amount of rotation of the cam 1643 is directly propor-
tional to the length of recording material utilized, the
switch 1616 will close at predetermined increments of re-
cording material length. The snap action switch 1918 is
utilized to flash the flash lamp 846 in the event number-
ing assembly 888, so as to periodically print the equipment
identification number on the record.

When the automatic record length control is to be
utilized, the leads 982 are connected in parallel to an
equipment operating switch by an automatic record length
control switch 1813, so that the solenoid 885 is energized
when the operating switch is closed. The electrical input
connection 978 is connected in series with the operating
switch so that electrical circuit conductivity through the
contacts 357 and 958 must exist in order to have oscillo-
graphic cperation. Such conductivity exists at all times
except when the first contact 857 is positioned in the in-
terrupter slof 963 in the interrupter circuit board $69.

A coil spring 1§15 is connected to the second clutch
portion 992 by a lug 1616, so as to normally urge the sec-
ond clutch portion 292 to rotate in a clockwise direction.
A stop cam 1§17 is positioned in a slot in the second
clutch portion so as to ride against the standoff tube $76
to limit the amount of clockwise rotation of the second
clutch portion $92.

FIGURE 23 is an elevation of the circuit input and out-
put board 961, The outer contact portion 965 and inner
contact portion 266 are shown in dotted lines, since they
are on the reverse side of the board 961 from that shown
in FIG. 23. An electrical circuit outlet lead 1029 extends
between the inner ring 266 and an output circuit connect-
ing aperture 1021, The outlet lead 1924 is utilized to con-
nect the electrical output circuit to the ring 966 so as to
complete circuit continuity between the inner and outer
Tings 256 and 966 through the contacts 957, 958 and in-
terrupter board conductive ring. An aperture 1622 is
utilized for the electrical input circuit connector 979. The
bolt 8785, referred to in FIG. 22, extends through an aper-
ture 1623, and bolts (not shown) extend through passages
1024 and 1025 to hold the assembly together.

The contact mounting plate 956 is shown in elevation
in FIG. 24, as is the standoff tube 976. A cam surface
1839 on the contact mounting plate 957 limits the rotary
movement of the contact plate £36. A slot 1832, previ-
ously referred to, contains the mounting pin 955 utilized
to fix the rotary position of the shaft 953 with respect to
the contact mounting piate $56.

In FIG. 25, an elevation of the circuit interrupter board
969 is shown. The slot 963 is shown in the normal dis-
position assumed under the urging of the coil spring 1015.
Dotted lines 957A and 958A illustrate the zero position of
the contacts 957 and $58 with respect to the slot 963.
Dotted lines 578 and $55B illustrate the offset position
of the contacts 957 and 958 when a predetermined length
recording material is to be run off. The angular displace-
ment of the contacts 9578 and 958B with respect to the
ring 963 is proportional to the length of recording mate-
rial run off, as will subsequently become apparent.

The dotted line $63B illustrates the position of the slot
563 upon the conclusion of the run off of recording mate-
rial. When the solenoid 385 is energized, the first clutch
portion 891 is attracted thereto, and makes contact with
the second clutch portion $92. This frictional contact
transmits the rotary imparted to the first clutch portion
591 by rotation of the worm gear 1666 through the cir-
cular gear 1880 to the second clutch portion $%2. Thus,
the slot 983 is driven to the point of which continuity be-
tween the electrical input circuit connector 278 and elec-
irical output circuit connector 1621 is interrupted by the
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slot 863. Since this circuit is connected in series with the
oscillograph operating circuit, interruption of this circuit
terminates the run off of recording material, as well as
the oscillograph recording operation. Certain of the pow-
er and cooling circuits are connected to a power switch
1625 and remain actuated, only the actual oscillograph
drive circuits being deactuated by the automatic record-
ing length material assembly $30. In order to prevent the
reactustion of the circuits upon the return of the slot 963
to its zero position, a solenoid is included in the circuit,
and is deactuated by the interruption of electrical con-
tinuity between contacts 987 and 958. The solenoid is
actuated upon the closing of the automatic record length
control switch, which is of the momentary close type.

FIGURE 26 is a side elevation of a modular oscillo-
graph according to the invention. An electrical power
supply module 1858, which is of conventional construc-
tion and is designed as appropriate for the particular os-
cillographic operations to be performed, is connected
to the oscillograph frame. An electrical power and con-
trol cable 1852 extends from the electrical power module
1050 and has branches 1032A, 1052B, 1652C, 1¢652D,
and 1652E, which are connected to the various modules
and control circuits on the front panel assembly. Visi-
ble in FIG. 26 is the event numbering assembly 80¢ and
the terminal board 815, thereof.

Also visible in FIG. 26 is the drive module 99. The
transmission output shaft 152 is connected to a cou-
pling 1855 (see FIG. 3) to which a main drive gear
assembly 1069 is connected. The main drive gear as-
sembly 1660 includes a tooth gear 1061 which engages
a tooth gear 1062 attached to a take-up roller transfer
pulley 1863. A drive belt 1064 extends between the
transfer pulley 1063 and a take-up roller drive pulley
1965. The drive pulley 1663 is attached to a magnetic
clutch (not shown) which abuts the magnetic clutch 539
(see FIG. 13) of the take-up roller 531. The main
drive gear assembly 1066 includes a metering roller drive
transfer pulley 1066 which engages a belt 1667. The
belt 1967 passes on one side about an idler roller 1068
and engages a metering roller drive pulley 1069 which
is attached to the metering roller axle 576 (see FIG. 13).
Also driven from the take-up roller drive transfer pulley
1063 is the trace interrupter assembly 340 (see FIG. 7)
by means of a flexible rotary shaft 1970, which rotates
a wheel around which the drive belt 343 extends. The
pulleys 1063, 1865, 1966 and 1669, and idler roller 1068
are held in position by a positioning plate 1072 through
which the gear axles extend. The positioning plate 1672
is fixed to the side 1851 by a pair of bolts 1073.

As will be recalled with respect to FIG. 9, the light
control shutters for the recording radiations were se-
lectively controlled to give the appropriate intensity of
light for recording. Intensity control knobs 1075 are
connected by flexible connectors 1876 to cams 1077,
which, when rotated by rotation by the flexible connectors
1676 in response to rotation of the intensity knobs 1075,
transmit a linear displacement motion to the shutter ac-
tuating arms 425, so as to selectively increase or decrease
the openings therebetween. Ii will be apparent that, as
the speed of recording material transport increases, a
greater intensity of light is required to maintain the same
intensity of the recorded image. In order to automati-
cally provide for compensation of light intemsity in ac-
cordance with the speed of recording material transport,
a flexible connector 1680 is connected to a linear cam
member 1081, and is actuated by the depression of mul-
tiplier speed buttons 1685, 1886 or 1087 on the speed
selection control 59, which select driving of the trans-
mission 101 through clutches 169, 161 or 162, respec-
tively, to increase or decrease the shutter openings as
set by the intensity control knobs 1075.

FIGURE 27 is a schematic diagram of an embodi~
ment of the power supply module 150 utilizable with
the modular oscillograph of the present invention, The



3,186,000

17

power supply is conventional in. design. A one hun-
dred and fifteen volt A.C. input is applied to terminals
A and B of a terminal board 1100. Leads 1101 and
1162 are connected between the primary 1103 of a power
transformer 1104, The transformer 1104 has three sec-
ondary windings 1165, 1106 and 1107.

The secondary winding 1105 is connected to a conven-
tional diode bridge rectifier circuit 1108, the output of
which is applied to a conventional cascaded transistor
voltage regulation circuit 1109. The regulated output
is applied to terminals C and D of the terminal board
1100 by leads 1111 and 1112, for use in energizing the
recording lamp. It will be noted that a lead 1113 is
connected from one end of the secondary winding 1105
to a terminal E. Connected to a terminal F is a lead
1114, the other end of which is connected to the bridge
circuit 1108. A recording lamp- control switch 1115,
shown by dotted lines, is located in the control panel
57, and is utilized to apply the recording lamp voltage
to the recording lamp 306, by completing the bridge cir-
cuit through the switch 1115. . The energization of the
recording lamp circuit actuates a master relay 1120,
through the contacts of which a twenty-eight volt poten-
tial, present at a terminal G, is applied to a terminal
H, so as to energize a recording lamp “ON” indicator
1116. When de-energized, the twenty-eight volt poten-
tial at the terminal G is applied to a terminal I, and
is utilized to energize a power supply “ON” indicator.
A high voltage starting pulse is generated by the actua-
tion of a pulse generating relay 1121, which closes the
contacts thereof so as to apply a momentary high volt-
age pulse to a terminal P-for application to the recording
lamp. .

The secondary winding 1106 and diode 1125 constitute
a half-wave rectifier circuit, the five hundred volt out-
put of which is applied to terminals J and K, to which
is connected the lamp 849 of the record event number-
ing assembly 860. The secondary winding 1107 has a
pair of diodes 1130 connected thereto so as to consti-
tute a full-wave rectifier in conjunction with the center
tap 1131 of the secondary winding 1107. This circuit

roduces a twenty-eight volt output which is connected
to terminals L and M for application to the control cir-
cuit modules as an actuating potential.

The invention claimed is:

1. An optical component for an oscillograph wherein
movable beams of illumination are relied upon to record
variations of oscillograph input signals on a moving
sheet of photosensitive material, the apparatus compris-
ing a plurality of galvanometers, means adapted for sup-
plying the input signals to the galvanometers, a source
of continuous illumination, means for projecting illumi-
nation in opposite directions from the source onto the
galvanometers, means for reflecting said illumination from
the galvanometers along a first preselected path, an or-
dinate-forming plate adapted to pass illumination from
the source therethrough only at preselected locations of
the plate, and means for directing illuminations from the
source along a second preselected path so as to fall on
the ordinate-forming plate, the apparatus being adapted
for disposition in the oscillograph relative to the photo-
sensitive material so that illuminations following the first
path and illuminations passing through the ordinate-
forming plate are incident upon the photosensitive mate-~
rial.

2. Apparatus as described in claim 1 and including a
flash lamp, méans for flashing said lamp according to a
selected frequency, and means for directing said lamp
flashes along a third preselected and abscissa-forming path,
the third path being incident upon the photosensitive ma-
terial as a line disposed across the material.

3. An optical component for an oscillograph wherein
movable beams of illumination are relied upon to record
variations of oscillograph input signals on a moving sheet
of photosensitive material, the apparatus comprising a
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plurality of galvonometers, means adapted for supplying
an input signal to each galvonometer, a source of con-
tinnous illumination, means for projecting illumination
in opposite directions from the source onto the galvono-
meters, means for reflecting the illumination from the
galvonometers along a first preselected path, an ordinate-
forming plate adapted to pass illumination from the
source therethrough only at preselected locations of the
plate, means for directing illuminations from the source
along a second preselected path so as to fall on the ordi-
nate-forming plate, the apparatus being adapted for dis-
position in an oscillograph relative to the photosensitive
material so that illuminations following the first path
and illuminations passing through the ordinate-forming
plate are incident upon the photosensitive material, and
means in said apparatus operable at a preselected fre-
quency for flashing on the photosensitive material a line
of illumination across the sheet of photosensitive material
disposed transverse to the direction of motion thereof.

4. An optical component for an oscillograph wherein
a movable beam of illumination is relied upon to record
variations of an oscillograph input signal on a moving
sheet of photosensitive material, the apparatus comprising
a galvonometer, means adapted for supplying the input
signal to the galvonometer, a source of continuous illu-
mination, means for projecting illumination from the
source onto the galvonometer, means for reflecting the
illumination from the galvonometer along a first pre-
selected path, an ordinate-forming plate adapted to pass
illumination from the source therethrough only at pre-
selected locations of the plate, means for directing illu-
minations -from the source along a second preselected
path so as to fall on the ordinate-forming plate, a flash
lamp, means for flashing the lamp according to a selected
frequency, means for directing the lamp flash illumination
along a third preselected path, the apparatus being adapt-
ed for disposition in an oscillograph relative to the photo-
sensitive material so that illuminations following the first
and third paths and illuminations passing through the
ordinate-forming plate are incident upon the photosensi-
tive material, and means for adjusting the third path rela-
tive to the first path so that illuminations following said
paths are coincident upon the photosensitive material.

5. Apparatus according to claim 4 wherein the means
for directing the lamp flash illumination along a ‘third
path is independent of the means for reflecting illumina-
tion along the first path,

6. Apparatus according to claim 4 including means for
viewing from externally of the oscillograph the coinci-
dence upon the photosensitive material of illuminations
following the first and third paths.

7. An oscillograph comprising

(a) an oscillograph frame,

(b) a modular optical unit,

(¢) a modular transport unit adapted for moving a
sheet of photosensitive material along a predeter-
mined path,

(d) a drive unit,

(e) a source of electrical power,

() a modular control circuit unif, and

(g) means for releasably mounting the units to the
frame and for releasably interconnecting the wunits
and the source of electrical power so that

(1) operation of the oscillograph is controlled by
actuation and deactnation of the control circuit
unit,

(2) the optical unit and the transport unit are
disposed for coaction one with the other for
recording on the photosensitive material by
means of light emanating from the optical unit,
and

(3) the modular units are replaceable individually
with respect to the remainder of the modular
units and the power source to permit substitu-
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tion of modular units of the same function type,
one for another, within the oscillograph.

8. An oscillograph comprising

(@) an oscillograph frame,

(b) a modular optical unit including

(1) a source of illumination,

(2) a galvonometer having a movable mirror,

(3) means for projecting a beam of light from the
source of illumination to the mirroer for re-
flection thereby and for directing the reflected
beam exteriorly of the optical unit, and

(4) means for applying an electrical signal to the
galvonometer,

the reflected beam moving along a selected path
as it issues from the optical unit,

(¢) a modular transport unit including means for mov-
ing a sheet of photosensitive material along a pre-
selected path,

(d) a drive unit,

(e) a source of electrical power,

(f) a modular control circuit unit, and

(g) means for releasably mounting the units to the
frame and for releasably interconnecting the unifs
and the source of electrical power so that

(1) operation of the oscillograph is controlled
by actuation and deactuation of the control
circuit unit,

(2) the optical unit is disposed adjacent the trans-
port unit and the reflected beam is incident on
the photosensitive material for recording on
the photosensitive material a record of the con-
dition of the signal, and

(3) the modular units are replaceable individually
with respect to the remainder of the modular
units and power source to permit substitution
of modular unifs of the same function type,
one for another, within the oscillograph.

9. An oscillograph comprising

(a) an oscillograph frame,

(b) a modular optical unit including

(1) a source of illumination,

(2) a gaivonometer having a movable mirror,

(3) means for projecting a beam of light from
the source of illumination to the mirror for
reflection thereby and for directing the reflected
beam exteriorly of the optical unit, and
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(4) means for applying an electrical signal to the
galvonometer,

the reflected beam moving along a selected path
as it issues from the optical unit,

(¢) a modular transport unit including means for
moving a sheet of photosensitive material along a
preselected path,

(d) a drive unit,

(e) a source of electrical power,

(f) a modular control circuit unit, and

(g) means for releasably mounting the units to the
frame and for releasably interconnecting the units
and the source of electrical power so that

(1) operation of the oscillograph is controlled by
actuation and deactuation of the control circuit
unif,

(2) the optical unit is disposed adjacent the trams-
port unit and the path along which the reflected
beam moves is disposed iransverse to the path
of sheet movement and the beam is incident on
the sheet for recording on the sheet a record
of the condition of the signal, and

(3) the modular units are replaceable individually
with respect to the remainder of the modular
units and power source to permit substitution
of modular units of the same function type,
one for another, within the oscillograph.
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