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[57] ABSTRACT 
A reed switch analyzer for testing the mechanical and _ 
electrical characteristics of reed switches‘employs a 
unique transport assembly in a test head for advancing 
the reed switches through various test stations and 
timer means for synchronizing the operation of the 
test head with the reed switch manufacturing machine 
so that the test head is compact and is easily and con 
veniently added to or removed from the manufactur 
ing machine without interfering with its operation. 
The test head provides test result signals for separating 
good switches from the bad ones and for providing 
feedback information to the machine operator for 
quality control purposes as the switches are automati 
cally received from the manufacturing machine. 

6 Claims, 14 Drawing Figures 
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TRANSPORT ASSEMBLY 

BACKGROUND OF THE INVENTION 

This application is a Division of application Ser. No. 
366,938, ?led on June 4, 1973. 
The subject invention pretains generally to the manu 

facture of reed switches and speci?cally to a compact 
testing machine which may be easily and conveniently 
added to the manufacturing machine for analyzing and 
displaying the characteristics of theswitches with re 
gard to predetermined standards. 
Reed switches are common electrical switching de 

vices consisting of two metal paddles separated by a 
narrow gap in a glass encapsulated vacuum with the 
leads brought out for connection in the electrical path 
which is to be controlled. The switches are normally 
manufactured on a multihead machine with each head 
carrying a single switch through various processing sta 
tions, each station providing a different step in the 
overall manufacturing cycle. Such a machine is dis 
closed in a US‘. Pat. No. 3,626,571, entitled, “Appara~ 
tus For Assembling Sealed Contact Switches” which 
was issued to Glenn Ardrian Marlin, etal., on Dec. 14, 
1971. The switch is housed in an electrical coil which 
is then energized to establish a magnetic ?eld for clos 
in g the switch and de-energized thereafter for removing 
the magnetic ?eld to open the'switch. Because the 
switch is small and simple in structure its mechanical 
and electrical characteristics are particularly critical to 
its proper operation. Regarding its mechanical charac 
teristics its overall length (from the end of one lead to 
the other) should be within a small tolerance while the 
leads should be concentric with another so that they 
are perfectly ‘aligned. Regarding the electrical operat— 
ing characteristics the gap should not be too narrow, 
lestthe switch operates (close) or releases prematurely 
in the presence of a magnetic ?eld nor should the gap 
be too ‘large lest the switches not close or remain closed 
when required. Furthermore, the gap should not break 
down and become conductive when high voltage spuri 
ous signals are inadvertently applied to its leads. _ 

It is important that the foregoing characteristics be 
tested for two reasons: one to separate the defective 
switches (those which do not meet the predetermined 
standards) from the good ones and two to provide feed 
back information to the machine operator about spe 
cific characteristics which are controllable so that he 
may make the appropriate adjustments on those ma 
chine heads which are shown to be producing defective 
switches for quality control purposes to maximize out 
put. Because of the complexity of the test apparatus 
and the importance of maintaining volume production 
of the reed switches which are used in great numbers, 
at present the test apparatus which is available is physi 
cally separated from the manufacturing machine so 
that it need not encumber nor in the case of failure im 
pede manufacturing production‘. This detracts from 
overall ef?ciency however since the reed switches must 
be first moved manually from the manufacturing area 
after being unloaded from the manufacturing machine 
to a testing area to be loaded vinto the testing machine. 
Furthermore at present automatic test procedures are 
limited to the electrical characteristics only with the 
mechanical tests for length and, concentricity being 
performed by hand through the use of gauges. 
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With the foregoing in mind it is a primary object of 

the present invention to provide a reed switch analyzer 
which is compact and so. designed that it may be easily 
mounted on or adjacent to a reed switch manufacturing 
machine for testing the characteristics of the reed 
switches as they are received from the machine and 
which‘may be easily ‘removed thereafter without inter 
fering with manufacturing production. ‘ 

It is a further object of the present invention to pro 
vide such a reed switch analyzer which not only moni 
tors the electrical characteristics of the reed switches 
but also the mechanical characteristics. 

It is still a further object of the present invention to 
provide a reed switch analyzer which not only separates 
the good switches from the bad after testing but which 
also affords immediate feedbaclk information to the 
machine operator indicating which controllable char 
acteristics‘ the reed switches are failing to meet in ac 
cordance with the machine heads on which they were 
produced. , 

These objects as well as others will be more readily 
apparentfrom the detailed description of the invention 
hereinbelow considered in view of the nine attached 
drawings. 

BRIEF DESCRIPTION OF THE INVENTION 

The reed switch analyzer of the invention employs a 
compact test head which can easily be mounted on or 
adjacent to the manufacturing machine for testing the 
mechanical and electrical characteristics of the reed 
switches as they are received from the machine. The 
compactness of the test head is due in great part to the 
transport assembly used for simultaneously moving the 
reed switches through various test stations in synchro 
nism with the manufacturing machine. The reed 
switches rest in pairs of support notches, each pair de 
?ning a station along a channel in which a carrier bar 
is free to move horizontally and vertically. The carrier 
bar has notches along its length which align with the 
support notches when stationary. To advance the 
switches to the next stations the bar is raised suffi 
ciently to lift the switches out of the support notches, 
then moved'horizontally so that the switches are above 
the next support notches, then lowered sufficiently so 
that the switches are deposited in the support notches 
with the carrier bar being capable of clearing their un 
dersides after which the bar is returned horizontally 
and then’vertically to its original position. This motion 
is repeated continuously to advance the switches from 
station to station each time the manufacturing machine 
indexes. In the preferred embodiment all mechanical 
movements in the test head for performing the tests as 
well as for transporting the switches from station to sta 
tion are provided by air cylinders controlled from sole 
noid valves which are responsive to electric signals. 
The electric signals are generated by microswitches in 
a timer assembly which includes a cam shaft driven 
from the manufacturing machine. Since there are no 
direct mechanical links between the test head and the 
manufacturing, machine, the machine need not be 
stopped in order to add or remove the test head there 
from. 

Electric signals are applied to and received from the 
test head through a connector cable so that to disen 
gage the test head it is only necessary to disconnect the 
connector cable which does not affect manufacturing 
output. The cable also carries all the digital signals to 
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and from a separate control panel which houses the 
logic circuits for controlling the electrical tests and for 
processing and displaying the results of all the tests 
both mechanical and electrical. The electrical test ap 
paratus is preferably mounted on the test head to mini 
mize the attenuation and distortion of the analyzer test 
signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an isometric view of the cooling table which 

is used in conjunction with the reed switch analyzer. 
FIG. 2 is an isometric view of the test head used in 

the analyzer for performing and reporting the results of 
the various tests; FIG. 2a shows the underside of the re 
straining bar used in the test head. I 
FIG. 3 is a mechanical timing chart which depicts the 

various signals for controlling mechanical movements 
in the test head of FIG. 2. 
FIGS. 4a-4c show the transport assembly carrier bar 

in various positions for advancing the reed switches 
from station to station. 
FIG. 5 is a schematic view of the transport assembly 

which is helpful in explaining the transport motion. 
FIG. 6 is a schematic diagram of the test apparatus 

mounted on the test head for performing the electrical 
tests and generating signal indications of the results 
thereof. 
FIG. 7 is a block diagram showing the basic compo 

nents of the control panel and the various signal paths 
for controlling the tests and for processing and display 
ing the results thereof. 
FIG. 8 is a schematic diagram of the test control logic 

in the control panel which controls the electrical tests 
as well as the processing and displaying of the test re 
sults. ' . 

' FIG. 9 shows the various control signals generated by 
the test control logic of FIG. 8. . 

' FIG. 10 is a schematic diagram of the results control 
logic in the control panel used for storing and process 
ing the test results. 
FIG. 11 is a schematic diagram of the display unit in 

the control panel. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. I shows a circular cooling table 10 which may 

be moved around its vertical axis in synchronism with 
a multihead reed switch manufacturing machine by any 
common driving mechanism (not shown) linking the 
two. Each time the machine indexes, viz. moves its 
manufacturing heads from one position to the next, the 
cooling table 10 is partially rotated (counterclockwise 
as depicted in FIG. 1) so that a different one of a plural 
ity of holes 12 located'around its periphery in a rim 13 
is placed underneath a loading chute 14 to receive a 
single’reed switch from the machine. The cooling table 
10 permits the switches, which are still hot when re 
ceived from the machine, to cool su?iciently before 
reaching an unloading station at point X so as to stabi 
lize their characteristics before the tests are begun. At 
point X the switches are permitted to drop by gravity 
through a hole (not visible) in a stationary plate 16 lo 
cated below the base 17 of the cooling table 10 into a 
test head where the tests are actually performed. As a 
safety precaution, should a switch become jammed as 
it is fed into the test head. a photoelectric eye mounted 
thereon detects the condition and energizes an electro 
magnet 18 which prevents subsequent switches from 
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4 
being unloaded at point X. Each switch is then trans 
ported to point Y where it is allowed to drop through 
another hole in the plate 16 into a hooper placed there 
under for that purpose. 
Once deposited in a hole 12, the reed switch is sup 

ported by its lower lead standing on the plate I6, the 
lower lead being visible in FIG. 1 because of the narrow 
separation 20 between the base 17 of the cooling table 
10 and the plate 16. Since the overall length of the reed 
switch (distance between lead ends) cannotvv vary 
greatly by the manufacturing process, the height of the 
switch relative to the plate 16 while standing in a hole 
12 is essentially ?xed. Since each hole 12 is only large 
enough to accommodate a single free standing switch, 
should a second switch inadvertently drop into an oc 
cupied hole 12, it will extend above the normally antici 
pated height. This is an undesirable situation since it is 
important that only one switch be fed to the test head 
at a time. A permanent magnet 24 is so positioned to 
pick off these unwanted occupants. Should the magnet 
24 fail to pick off a second switch in a hole 12, a feeler 
26 set slightly above the normally anticipated height is 
activated by the reed switch to close a circuit for pro 
viding an audible alarm to warn the machine operator 
who is always in the general vicinity. There is sufficient 
time between the signalling of the alarm and the time 
that it takes the table 10 to move the hole 12 having 
two switches therein to point X for the operator to walk 
over to the table 10 to remove the second switch. 
Although not probable, it is possible that the manu 

facturing machine will produce a reed switch having 
only one lead or even no“ leads. These switches are de 
tected at point Z to also provide an alarm to the opera 
tor so that he may remove them to avoid feeding them 
into the test head where they might otherwise create 
problems during testing. A feeler 28 set just below the 
anticipated height must be activated by the upper lead 
of the switch together with another feeler which cannot 
be seen, but extends into the separation 20 at point Z 
to be activated by the lower lead to prevent the alarm 
from sounding. The lower feeler enables the alarm to 
be sounded only when a switch is in fact located in the 
hole 12, while the upper feeler 28 is activated only if 
the switch has leads on both ends. 
The test head which is represented generally by refer~ 

ence numeral 30 in FIG. 2 has a housing 32 on which 
is mounted a transport assembly for moving the reed 
switches from station to station and the test apparatus 
for performing different tests at the various stations. 
Because of the type transport assembly employed, the 
test head 30 is compact and therefore easily mounted 
on or adjacent to the manufacturing machine itself. 
The mechanical movements required for transporting 
and testing the reed switches are all imparted by the 
piston rods or plungers of air cylinders under the con 
trol of solenoid valves which are responsive to electri 
cal signals from a timer assembly. The timer assembly 
consists of microswitches which are closed to apply the 
electrical signals to the solenoid valves by various cams 
on a shaft connected to the manufacturing machine so 
that the mechanical movements in the test head are all 
synchronized to the machine movement. Preferably 
short piston strokes are controlled by a three way valve 
which opens the inlet port and closes the outlet port to 
allow air into the cylinder chamber for moving the pis 
ton when energized and closes the inlet port and opens 
the outlet port to evacuate the air when de-energized 
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to permit the piston to return under-‘spring pressure. 
Preferably long piston strokes are provided by a four 
way valve which functions with a cylinder having inlet 
and outlet ports on top and bottom of the cylinder 
chamber. The piston rod is extended by energizing the 
valve which closes the bottom inlet port and top outlet 
port and opens the bottom outlet port and the top inlet 
port, thereby permitting air to ?ll the cylinder chamber 
above the piston head while air is evacuated below it. 
To return the piston, the valve is de-energized which 
closes the top inlet port and bottom outlet port and 
opens the bottom inlet port and top outlet port to per 
mit air to enter the cylinder chamber below the piston 
head while air is evacuated above it. Since the cylinder 
valve and timer assemblies are well known no further 
elaboration is required. For the sake of clarity none of 
the ports have been shown in the drawings. The valves 
are not visible in FIG. 2 because they are located physi 
cally behind the test head 30in that view. A mechani 
cal timing chart has been provided in FIG. 3 to relate 
the timing signals to the 'cam shaft rotation to facilitate 
the reader’s understanding of the invention. Each 
waveform ‘with the exception of waveform. l0 corre 
sponds to a different valve and its associated air cylin 
der, the upper level of the waveform representing the 
period during which the valve is energized and the air 
cylinder is operated so that its piston rod or plunger is 
extended. 
Looking again to FIG. 2, it is seen that the housing 

32 is provided with an open channel formed in part by 
a rectangular groove 34 cut into the horizontal surface 
thereof and a pair of parallel walls 36 disposed on ei 
ther side of the groove 34. The groove 34 is only partly 
visible because of a carrier bar 38 which is located be 
tween the walls 36 above the groove 34 and which is 
free to move vertically (up or down)'and horizontally 
(forward to the right and back) with respect to the 
channel. The carrier bar 38 may be said to be in a nor 
mal level position when situated as ‘shown in FIG. 2, 
normal referring to the horizontal positioning while 
level refers to the vertical positioning. It will be noted, 
that in the normal level position each V notch 40 
formed in the bar 38 aligns with a pair of oppositely 
placed V notches 42 formed‘ in the walls 36. It will be 
further noted that the horizontal distance between any 
pair of successive V notches 40 is the same. The bar 38 
can be moved forward (to the right) horizontally by an 
amount equal to this distance where in this forward po 
sition each V notch 40 can be aligned with the pair of 
V notches 42 ‘directly forward (to the right) of the pair 
of V notches 42 it normally aligns with when the bar 38 
istthe normal level position. Each pair of V notches 42 
de?nes a station in which a different reed switch resets. 
Different characteristictests can be performed at‘dif 
ferent stations simultaneously while the reed switches 
straddle the V notches 42 withthe bar 38in the normal 
level position. ‘ 

The transport assembly for moving the reed switches 
from station to station is shown in detail in FIGS. 4a—,4c 
and schematically in FIG. 5. In FIG. 4a the housing 32 
is cut away to reveal the portion of the transport assem 
bly located inside. This consists of a slider 44 which can 
only move horizontally to the left and back (for conve 
‘nience these views are rotated l80° from how they 
would appear in FIG. 2) on ?xed bearings 46 when 
moved by the piston rod of an air cylinder 48, a plate 
50 affixed to the piston rod of an air cylinder 52 which 
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is itself mounted to the slider 44 and a pair of air cylin 
ders 54 mounted to the plate 50 with their piston rods 

, each being affixed to the carrier bar 38. Cylinders 52 
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and 54 are controlled by three-way valves while cylin 
der 48 is controlled by a four-way valve. 
Although in actual operation there would be a reed 

switch in each of the first six stations, for simplicity of 
explaining the transport motion, only one reed switch 
is shown in the ?rst station which is to be moved to the 
second station located immediately to the left of the 
?rst station. As shown in ‘FIG. 4a, the carrier bar 38 is 
in its normal level position, the valves for the cylinders 
48, 52 and‘54 are de-energized so that their piston rods 
are not extended. First, the cylinders 54 are operated 
to extend their cylinder rods upward, thereby raising 
the carrier bar 38 above its level (normal) position to 
a sufficient height to lift the reed. switch out of the V 
notches 42 so that its underside can clear the notches. 
FIG. 4b shows the carrier bar in its normal upper posi 
tion. Second, cylinder 48 is operated to extend its pis 
ton rod to the left thereby moving the carrier bar to the 
forward (upper) position via the slider 44 (it may be 
readily appreciated that the carrier bar 38 must follow 
the motion of the slider 44 because of the forces pro 
duced by the structural arrangement of the transport 
assembly). Third, the air is released from the cylinders 
54 to allow the carrier bar 38'to return to its level (for 
ward) position thereby depositing the reed switch in 
the second station and then cylinder 52 is operated to 
extend its piston rod downward. This lowers the plate 
50 together with the cylinders 54,‘. their piston rods as 
well as the carrier bar 38. The carrier bar 38 is thus 
lowered below its level (forward) position sufficiently 
so that the top of the bar 38 clears the underside of the 
reed switch. Fourth, the piston rod of cylinder 48 is re 
turned to the right by putting air into the cylinder 
chamber below the piston head thereby returning the 
carrier bar 38 to its normal (lower) position as depicted 
in FIG. 40. Fifth and last, the air is evacuated from cyl 
inder 52 permitting the carrier bar 38 to be raised to its 
level (normal) position. This completes the transport 
cycle, each reed switch having been moved to the next 
forward station. The transport cycle is represented by 
the first three waveforms in FIG. 3. It should be noted 
that the point at which the carrier bar 38 is ?rst raised 
(waveform l) to begin the transport cycle coincides 
with the machine index point. 

It should be realized that what is important here is the 
type of motion imparted to the carrier bar 38 for ad 
vancing each reed switch. from station to station rather 
than the specific structure provided for that purpose, 
since this may easily take different forms. For instance 
rather than provide the side walls 36, the V notches 42 
(or any other suitable shape notch for that matter) 
could be formed in the horizontal surface of the hous 
ing 32, if desired, with the top of the carrier bar 38 
being level with this surface. Another alternative is to 
raise the height of the side walls 36 sufficiently so that 
the carrier bar 38 can be lowered for clearance upon 
its return stroke without the need for entering the 
groove 34 in the horizontal surface. Rectangular aper 
tures 55 are provided in the housing 30 for permitting 
the piston rods of air cylinders 54 to be moved horizon 
tally during the transport cycle. 
Returning to FIG. 2 again, it is seen that a restraining 

bar 56 is provided for mounting over the carrier bar 38 
which is held in place by springs 58 and clamping nuts 
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60. This spring loaded mounting permits the restraining 
bar 56 to move up with the carrier bar 38 to exert a 
slight pressure on the reed switches located in the V 
notches 40 of the raised carrier bar 38 to maintain the 
switches in place during transit. 
As already mentioned, the test head 30 has seven sta 

tions, with the ?rst station to the extreme left in FIG. 
2 being a loading station. Each time a reed switch falls 
through a chute 61 which is located under the hole in 
plate 16 (FIG. 1) at point X onto a V track 62 aligned 
with the ?rst station, an air cylinder 64 is operated 
(waveform 4 of FIG. 3) to extend its plunger (not visi 
ble) against the lead of the reed switch to push the 
switch into place in the ?rst station. The switch is slid 
into place and stopped by a ?xed stop 66 which 
contacts the other lead of the switch. This movement 
as well as all those that follow take place while the car 
rier bar 38 is in the normal level position. A light source 
68 is placed above the track 62 to divert the ?ow of 
switches from the cooling table 10, as already men 
tioned, should a switch become jammed thereby cover 
ing the photoelectric cell which lies in the track 62. 
This would then cause an energizing potential to be ap 
plied to the electromagnet 18 of FIG. 1. The photoelec 
tric control circuitry is located in the box marked 69. 

Once the reed switch is in place in the ?rst station it 
is moved to the second station (immediately to the 
right of station one) during the next transport cycle as 
previously described (as the ‘switch in the second sta 
tion is moved to the third station and so on). A length 

' test is performed at the second station to determine if 
the distance between the ends of the switch leads is 
within a prescribed tolerance. The switch is held down 
in place for precise measurement by a spring clip 70 
mounted on the underside of the restraining bar 56 as 
shown in FIG. 2a. As one lead is held against a ?xed 
stop 72, an air cylinder 74 is operated (waveform 5 of 
FlG. 3) to move the face of its plunger 76 against the 
other lead. The plunger 76 must travel a minimum dis 
tance to operate a ?rst microswitch 78 and less than 
some maximum distance to avoid operating a second 
microswitch 80. The distances are arranged so that the 
longest tolerable reed in station two stops the plunger 
76 after it has traveled the minimum distance to acti 
vate microswitch 78 and'the shortest tolerable reed 
permits the plunger 76 to travel just slightly less than 
the maximum distance to avoid operating microswitch 
80. If microswitch 78 does not operate (switch too 
long) or microswitch 80 does operate (switch too 
short) a signal L is generated indicating that the switch 
failed the length test. _ 
As a length test is performed on a reed switch in sta 

tion two, a concentricity test is performed on another ‘ 
reed switch in station three to test whether or not the 
two leads of the switch are in exact alignment with one 
another. Because of the precise measurement required, 
another spring clip 82 is mounted on the underside of 
the restraining bar 56 to hold the reed switch down 
while in this station. Two air cylinders 84 located oppo 
site one another on either side of the channel are oper 
ated (waveform 6) to extend their plungers 86 toward 
one another and the leads of the reed switch. Each 
plunger 86 has a small cavity in its face which aligns ex 
actly with that of the other and engages a lead of the 
switch when fully extended to close a microswitch 88. 
If a lead does not align with the cavity of its respective 
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8 
plunger 86, then it impedes the plunger travel so that 
the associated microswitch 88 will not operate. If either 
one or both microswitches 86 do not operate a signal 
CN is generated to indicate that the reed switch failed 
the concentricity test. 
A high voltage breakdown test is performed on each 

reed switch in station four by applying a high voltage 
potential across its leads through two pairs of jaws 90 
which are closed across the leads by the operation of 
air cylinders 92 (waveform 7). The high voltage break 
down test will be fully explained later. 
The ?fth station is adjacent a housing 94 which has 

a test coil (not visible) into which a reed switch is in 
serted for testing its various electrical operating char 
acteristics. With the reed switch in station ?ve an air 
cylinder 96 is operated (waveform 8) to slide the reed 
switch to the right into the test coil so long as the switch 
passed the ?rst three tests (length, concentricity and 
breakdown). If the switch fails any one of the ?rst three 
tests an inhibit signal IN is generated which prevents air 
cylinder 96 from operating by opening the signal path 
between the microswitch and its solenoid valve. Once 
inside the coil, air cylinders 98 are operated (waveform 
9) to close two pairs ofjaws 100 (only one pair visible) 
on the switch leads. One jaw of each pair 100 carries 
the test current for performing the electrical tests while 
the other jaw carries the current for measuring the re 
Sults, with the jaws being insulated from each other to 
obtain more accurate measurements. An enable signal 
(waveform 10) is generated by the timer assembly 
which allows the electrical tests to take place and all of 
the test results to be processed and displayed as will be 
fully explained hereinafter. Although this signal does 
not operate any air cylinder it is supplied from the 
timer assembly and is included in the mechanical tim 
ing chart of FIG. 3 so that the reader can easily relate 
this period to the others in the overall test cycle (com 
plete rotation of the cam shaft through 360°). Follow 
ing the completion of the electrical tests the reed is 
pushed out of the test coil back into station ?ve by the 
operation of air cylinder 102 (waveform 11). 
A switch is deemed good if it meets all of the pre 

scribed standards for all or the tests, in which case an 
air cylinder 104 adjacent to the sixth station is operated 
(waveform 12) to push the switch into an unloading 
chute 106 where it drops by gravity into a hopper 
below for receiving the good switches. The unload sig 
nal UN corresponding to waveform 12 is the only one 
in FIG. 3 which is not supplied from the timer assem 
bly. This signal is supplied from the control panel which 
houses all the electrical circuitry for controlling the 
electrical and high voltage breakdown tests and for 
processing and displaying the test results. Since the 
control panel is fairly large, unlike the test head 30 
which is compact, it cannot be easily mounted on or 
immediately adjacent to the reed switch manufacturing 
machine. Therefore it is located physically apart from 
the test head 30 and a cable having the requisite num 
ber of leads carries the various signals between the test 
head 30 and the control panel. The cable plugs into a 
connector block 107 mounted on the side of the test 
head 30, the connector block providing leads for pass 
ing control panel signals to and from the test head 30 
as well as the timingjsignals from the timer assembly 
which is'also physically isolated from the test head 30. 
if a switch fails any one of the tests the signal UN is not 
generated in the control panel and the air cylinder 104 
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therefore is not operated for that switch so that the 
switch is transported to the seventh station where an air 
cylinder 108 isioperated (waveform 13) to push the 
bad switch into an unloading chute 110 where it drops 
into a different hopper below for receiving the bad 
switches. 
The electrical test apparatus for performing the elec 

trical and high voltage breakdown tests and for measur 
ing the results thereof comprises any suitable solid state I 
circuitry, preferably located in a box 112 mounted on 
the test head 30 itself to minimize noise and attenua 
tion of the analogue test and measurement signals. The 
test apparatus which is shown schematically in'FlG. 6 
by general reference numeral 113 is controlled by digi‘ 
tal signals generated in a test control logic circuit lo 
cated in the aforementioned control panel. The high 
voltage breakdown test circuitry comprises a high volt 
age source 114 which generates a high voltage poten 
tial at its output in response to a signal HV(G) applied 
to its input from the test control logic circuit. This po 
tential is applied across the leads of a‘reed switch while 
located in station four via the ‘jaws 90 and a capacitor 
116. A radioactive ionizing source 118 is located in the 
carrier bar 38 at station four to ionize the air gap of the 
reed switch from below to enable it to pass current 
under breakdown even though the switch is open. Be 
cause a relay 120 or other equivalent device is operated 
by the signal HV(G) at this time, its normally closed 
contacts 122 shunting the capacitor‘ 116 are open so 
that capacitor 116 is free to charge up as current passes 
through it via the switch if breakdown should occur. A 
voltage comparator 124 is connected across the capaci 
tor 116 to compare the developed voltage over a prede 
termined period with some minimum voltage which 
would indicate the ?ow of current and the occurrence 
of breakdown. When the minimum voltage is exceeded 
the voltage comparator 124 generates a signal VB 
(voltage breakdown) which is applied'to a results con~ 
trol logic circuit in the control panel indicating that the 
reed switch failed the voltage breakdown test. Upon 
completion of this test the signal HV(G) is removed, 
thereby de-energizing the'relay 120 which permits the 
contacts 122 to close and the capacitor 116 to dis~ 
charge therethrough. Power for operating the high volt 
age and current sources is applied through a connector 
123 on the test head 30 as shown in FIG. 2. 
Five electrical tests are performed on a reed switch 

while in the test coil adjacent station ?ve, these being: 

1. Contact-resistance -- to ensure that the resistance 
of the switch when closed does not exceed some 
maximum allowable value. “ ' . 

2. Low gap —- to ensure that the air gap is not so 
small that the switch operates (closes) before it is 
supposed to, e.g., at some predetermined value of 
magnetic ?ux produced by the test coil. ‘ 

3. High gap — to ensure that the air gap is not so 
large that the switch cannot operate when‘it is sup 
posed to, e.g.. at a second predetermined value of 
magnetic flux produced by the test coil which .is 
higher than the first value. 

4‘. Hold -- to ensure‘ that the switch remains operated 
when it is supposed to. e.g., at a predetermined 
value of magnetic ?ux greater than the ?rst value 
but. less than the second value. 
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5. Release —- to ensure that the switch releases when 
it is supposed to, e.g., at a fourth predetermined 
value of magnetic ?ux less than the first value. 

The different currents necessary to provide the differ 
ent values of magnetic ?ux in the test coil are provided 
by a magnetizing current source 126 whose current 
output IM is a function of the magnitude of a signal MC 
(magnetizing current) appliedto its input from the test 
control logic. 
The test results are determined by applying a ?xed 

current IT to the leads of the switch from a test current 
source 128 in response to a signal TC (test current) 
from the‘ test control logic.‘ Since the current IT is ?xed, 
the voltage across the switch is directly proportional to 
its resistance when closed. A voltage comparator 130 
whose input is connected across the switch compares 
the voltage across the switch with a ?rst reference volt 
age Which corresponds to the maximum resistance ac 
ceptable. If the measured voltage exceeds this refer 
ence voltage the comparator 130 generates a signal CR 
(contact resistance) indicating the switch resistance is 
excessive. The switch. is considered to be open when 
the switch is in fact open or the switch resistance 
greatly exceeds the maximum acceptable resistance. 
The voltage comparator 130 provides a second refer 
ence voltage equal to the ?xed current IT multiplied by 
the greater value of resistance. Any time the measured 
voltage across the switch exceeds'the second reference 
.voltage, ‘ the comparator generates a signal CO 
(contacts open) rather than the signal (CR. 
Before going into the details of the logic circuitry in 

the control panel which controls the electrical test ap~ 
paratus and the processing and displaying of test results‘ 
it may be advantageous to consider the block diagram 
of FIG. 7 which‘ shows the basic components of i the 
control panel and traces the various signal paths. The 
test control logic 132 initiates all activity in the control 
panel in response to the enable signal (waveform 10 of 
FIG. 2) from the timer assembly. It generates the afore 
mentioned three signals TC, MC and HV(G) which are 
applied to the electrical test apparatus 113 for control~ 
ling its operation. The results control logic 134 serves 
the very important function of monitoring the test re 
sults including relating the results of the switch tested 
to separate the good switches fromthe bad. Thus the 
failure signals VB, CR and CO from the electrical test 
apparatus‘! 13 are fed into the resultscontrol logic 134, 
as well as the failure signals L and CN from the test 
head 30. To properly‘relate the test results to each of 
the switches, thetimer assembly applies the enable and 
index signals to the results control logic 134 while the 
test control logic 132 applies various electrical test pe 
riod (A-G) signals over individual leads. The test re 
sults are strobed by a signal TS from the test control 
logic 132 to minimize errors introduced by noise and 
spurious signals. The results control logic 134 applies 
the feedback control signals IN and UN to the test head 
30 to respectively inhibit a reed switch from being in-‘ 
serted into the test. coil if necessary and to unload the 
good switches at station six as explained earlier. 
To immediately provide the operator with important 

feedback information for quality control the control 
panel displays the results of four tests of those reed 
switch characteristics which are controllable and may 
be altered by the operator by making appropriate ad 
justments on the manufacturing heads. These tests are 
for length, concentricity, low gap and high gap so that 
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in the control panel. The display unit 136 provides a vi 
sual display of these failures for each‘ switch in accor 
dance with the manufacturing head on which the 
switch was produced so that the operator is directed to 
the appropriate head requiring adjustment. To relate 
the failures to the proper manufacturing head the dis 
play unit 136 receives a shift signal Sl-l from the results 
control logic 134 and a display signal (DIS-G) from the 
test control logic 132. 
As already mentioned the electrical and high voltage 

breakdown tests and all the test results (including those 
for length and concentricity) are processed and dis 
played during the enable period (waveform 10) of FIG. 
3. The test control logic 132 which is shown in detail 
in FIG. 8 provides the signals MC and TC for control 
ling respectively the magnetizing and test currents ap 
plied by the electrical test apparatus for the electrical 
operating characteristics and in addition breaks the en 
able period into seven discrete periods A-G, ?ve of 
which are used for the ?ve electrical tests, and one for 
the high voltage breakdown test as shown by the signal 
waveforms in FlG. 9, the upper level of the waveforms 
representing the activating signal. Looking at FIG. 9, it 
is seen that the ?rst period A within the enable period 
is devoted to the contact resistance test. During this pe 
‘riod the magnetizing current [M to the test coil is in 
creased by the control signal MC from a value of zero 
to a high enough value MCI to operate the reed switch 
inserted therein after which the current I” is reduced 
to a constant level MC2 sufficient to hold the switch 
operated. With the switch operated at the constant 
level of current MC2, the test current I? is applied to 
the switch leads to compare its contact resistance-with 
that of the acceptable maximum. The period B is pro 
vided to ?rst magnetically saturate the switch with a 
magnetizing current MC3 before reducing the magne 
tizing current to zero preparatory to performing the 
electrical operating tests. During period C the current 
[M is increased from zero to a constant value MC4 
which is not great enough to operate a reed switch hav 
ing a gap equal to or greater than the minimum accept 
able. Toward the end of the period the test current 17 
is applied to the switch leads to determine whether or 
not the switch is operated, the generation of the signal 
CO by the voltage comparator 130 (FIG. 6) indicating 
that the switch did not operate. Operation of the switch 
during period C of course means that the switch failed 
the low gap test. ' 

During period D the magnetizing current lM is in 
creased to a higher constant value MCS which is suffi 
cient to operate a reed switch having a gap equal to or 
less than the maximum gap acceptable. Toward the end 
of the period the current I1 is again applied to the 
switch leads. Operation of the switch' during period D 
means that the switch passed the high gap test. During 
period E the magnetizing current I” is increased to a 
peak value, MC6 to ensure the operation of the switch, 
then reduced to a constant value MC7 in between MC4 
and MCS' to test the holding characteristic of the 
switch. At this constant value of magnetizing current 
MC7 the switch should remain operated. During period 
F the magnetizing current is reduced to a constant 
value MC8 which is less than MC4 and is not sufficient 
to maintain a normal switch operated and therefore, 
the switch should release. 

3,823,461" 
‘ the respective failure signals L, CN, LG and HG are fed 7 
from the results control logic l34'to a display unit 136 
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Following‘ the completion of the electrical operating l 
tests the high voltage breakdown'test- is performed ‘dur 
ing period G. Since this test is performed at a different 
station than the foregoing tests it could be done simul 
taneously with those tests, butit is not to avoid intro 
ducing spurious signals, caused by the high voltage dur 
ing the breakdown test, into the sensitive electrical op 
erating test measurements which might otherwise pro 
duce inaccurate results. To further minimize the possi 
ble adverse effect of spurious signals and noise the test 
results are registered in the results control logic 134 
only during the brief time slot at the end of each test 
period provided by the test strobe signal TS generated 
in the test control logic 132. To minimize the complex 
ity of the circuitry in the test control logic 132 the peri 
ods A-G are formed with three different time periods, 
one for periods A and G, one for B and one for periods 
C—F. 
The test control logic 132 of FIG. 8 comprises a bi 

nary counter 138 which counts down from any one of 
three different counts, eachcount corresponding to a 
different one of the three time periods just referred to. 
The output of the counter 138 is connected to a first 
decoder 140 which produces negative pulses on its out 
put leads indicative of the count in said binary counter. 
The zero output of decoder 140 is fed back to the bi 
nary counter 138 to provide a load signal which enables 
the count to be entered and to a shift register 142 to 
provide a shift signal for shifting the positive output sig 
nal of the register 142 from lead to lead. The output 
leads of shift register 142 provides the seven periods 
A-G'as well as the information for entering the counts 
in binary counter 138. Whenever the output signal of 
register 142 is applied to leads A or G in the presence 
of the load signal, an OR gate 144 enters a count in bi 
nary counter 138 corresponding to the time period for 
periods A and G meaning that the time it takes for the 
counter 138 to count down to zero is equivalent to said 
time period. Whenever the output signal of register 142 
is applied to lead B in the presence of the load signal 
it is also applied to the binary counter 138 to load a 
corresponding count therein. The binary counter 138 
is programmed so that if no signal is applied thereto in 
the presence of a load signal it automatically selects a 
count equivalent to the third time period for periods 
C-F. . 

When the enable signal is applied by the timer to the 
shift register 142 and binary counter 138 (the decoder 
140 output is on zero at this‘time), the shift register 
output is applied to its A lead loading a corresponding 
count in the counter 138 which then begins counting 
down to zero in response to the clock pulses. When 
zero is reached the‘negative pulse on the zero output 
of decoder 140 causes the output of register 142 to 
shift to its B lead while a corresponding count is loaded 
into the counter 138. Once again the counter 138 
counts down to zero after which the output of register 
142 shifts to its C lead loading a corresponding count 
in the counter 138. The process is repeated until all 
seven periods A-G have been generated at which time 
the enable signal is removed inhibiting the shift register 
142 andbinary counter 138. 
The test strobe signal TS is obtained from the Q out 

put of a ?ip-?op 145 whose reset input R is connected 
to the zero output of decoder 140 and whose set input 
S is connected to another output 146 of decoder 140 
corresponding to any suitable count for providing the 
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‘desired strobe period. Toward the end of each of the 
seven periods A-G, as the counter 138 counts down the 
count reaches a point whereby output 146 generates a 
negative pulse setting ?ip-?op 145 to initiate the test 
strobe ‘pulse TS. When the count of zero is reached the 
negative pulse on the zero output of decoder 140 resets 
?ip-?op 145 terminating the test strobe period. 
By a similar technique the test current signal'TC is 

generated for enabling the ?ow of current IT during the 
‘ strobe period for performing the measurements to ob 

tain the results for the electrical operating characteris 
tics. A ?ip~flop 148 has its reset output R connected to 
the zero output of decoder I40 while its set input S is 
connected'to an output 150 which corresponds to a 
slightly higher count than output 146 so that the test 
current IT is already present when the test strobe signal 
TS is generated. The signal TC is obtained from the Q 
output of ?ip-?op 148 through an OR gate 152 for the 
periods C-F. During period B when no test current is 
required the signal is inhibited by connecting the out 
put of OR gate 152 to the B output of shift register 142 
through an inverter 154. The longer period of test cur 
rent lT required during period A for the contact resis 
tance test is provided by enabling OR gate 152 from a 
second input which will be explained shortly. 
The signal MC for controlling the magnitude of mag 

netizing current I” is provided through a digital 
lanalogue converter 154 whose output at any time is of 
course a function of the magnitude of the input digital 
signal and whose rate of change is a function of ‘the 
speed of the counter driving it, the change being in the 
same direction in which the counter is counting (up or 
down). This affords a simple and convenient control 
for providing the various ramp and constant current 
levels which constitute the magnetizing current I”. The 
input to the D/A converter 154 is derived from an up/ 
down binary counter 156 whose output is'also con 
nected to a decoder 158 which has a number of output 
leads each of which corresponds to a different count in 
the counter 156 for generating'positive pulses to pro‘ 

_ vide the different current levels for the magnetizing 
current I”. When the enable signal from the timer is ap 
plied to the counter 156 _it immediately/‘starts counting 

' up from zero in response to the clock pulses applied 
thereto. The count may be stopped at any point in re 

‘ sponse 'to a stop signal from an OR gate 160 having ?ve 
input leads for enabling the gate, each during a differ 
ent one of the seven periods A-G, with the exception] 
of periods B and G. The count may also be reversed 
from up to down by a count-down signal generated by 
the 0 output of a ?ip-?op 162 when set in response to 
the output of a NOR gate 164 having two inputs. At the 
end of each enable period the ?ip~?op 162 is automati 
cally reset via .aNOR gate 166 having one of its inputs 
connected to receive the enable signal through an in 
verter 168. Thus at the beginning of the next enable pe 
riod flip¢?op 162 is reset and the count down signal is 
not generated so that the binary counter 156 begins its 
operation by counting up. ‘ 
During period A when the counter 156 reaches a 

count corresponding to MCI, the MCI output of de 
coder 158 together with the A output of register 142 
enables an AND gate 170 to generate a signal which is 
applied to one of the inputs of NOR gate 164 to enable 
it to pass a signal for setting ?ip-flop 162. The binary 
counter now beginsimmediately‘counting down until it 
reaches a count corresponding to MCZ, at which time 
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the MCZ output of decoder 158 together with the A 
output of register 142 and the high output of flip-flop 
‘162 (now in the set state) fully‘enables an AND gate 
172 to generate a signal ‘which causes OR gate 160 to 
generate the stop signal. The counter 156 is thus 
stopped at the.MC2 count and remains at this count for 
the duration of period A. The output of AND gate 172 
is also fed back to the‘second input of ORv gate 152, as 
previously alluded to, for providing the TC signal and 
thus the test current IT also for the duration of period 
A. ‘ a . 

At the termination of period A, the shift register 142 
output appears on lead B thereby partially disabling 
AND gate 172 removing the stop signal applied to the 
counter 156. The B output of register 142 is applied 
continuously as a load signal via. one input of an OR 
gate 173 to counter 156 which is programmed in the 
absence of any other loading inputs to jump to a count 
corresponding to MC3. A ?ip-?op 174 is provided for 
changing the magnetizing current IM to zero at the ap 
propriate time during period B. The Q output of flip 
flop 174 when set, together with the B output of "regis 
ter 142 fully enables an AND gate 176 to enter'a count 
of zero in counter 156. The ?ip-?op 174 has its set 
inputS connected to an output 175 of the decoder 140 
corresponding to the time at which IM is to go from 
MC3 to zero, with its reset input. R connected to the 
zero output of decoder 140. t . 
The B output of register 142 is also connected to the 

second input of NOR gate ‘166 to reset ?ip-?op 162 at 
the beginning of the B period. Consequently, when pe 
riod C begins the counter 156 ‘beings counting up from 
zero (the load signal provided by B is also removed at 
this time). At a count corresponding to MC4, the MC4 
output of decoder 158, together with the C output of 
register 142 enables an AND gate 178 to once again 
cause OR gate 160 to generate the stop signal freezing 
the count of counter .156 at that level for the duration 
of period C. During period D‘the counter 156 contin 
ues to increase its count vuntil that corresponding to 
MCS whereupon the MCS output of decoder 158 to 
gether with the D output of register 142 enables an 
AND gate .180 to once again stop ‘the count for the du 
rationof period D. 

In period E the counter begins counting again until 
a count corresponding to that of MC6 whereupon the 
MC6 output of decoder 158 which is connected to the 
second‘ input of NOR gate 164 enables gate 164 to set 
?ip-?op 162, changing the count to the down direction. 
At a count corresponding to MC7, and AND gate 182 
is‘fully enabled (by outputs E and MC7) to stop the 
count for the duration of period E. 
During period F the count progresses downward until 

that corresponding to MC8 where it remains for the du 
ration of the period as a result of enabling an AND gate 
184. During period G the count of counter 156 is main 
tained at zero by generating the load signal once again 
from the output of OR gate 173 through a ‘second input 

,‘connectedto the G output of register 142 (recalling 
that the counter 156 is programmed to load a count of 
zero in the absence of any information to the contrary). 
TheG output of register 142 is applied to the display 
unit 136 for control purposes to be explained below. 
All of the outputs A-G of register 142 are applied to 
the results control ‘logic 134 for control purposes which 
will now be explained. ‘ 
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The results control logic 134 of F l0. 10 includes ?ve 
flip-?ops, each one being provided for storing the infor 
mation for the results of adifferent one of the ?ve elec 
trical tests of the reed switch. Any time that a ?ip-?op 
is set it indicates that the particular reed switch failed 
the electrical test associated therewith. For instance, a 
?ip-?op 186, which monitors contact resistance has its 
Q output connected to a counter 188 to count each 
time ?ip-?op 186 is set, or in other words the number 
of reed switches failing the contact resistance test. This 
information is not ‘displayed for the immediate feed 
back bene?t of the operator since he has no control 
over the manufacturing machine with regard to this 
characteristic. Flip-flops 190 and 192, which monitor 
the low gap and high gap tests respectively have their 
Q outputs connected to the display unit 136 for imme 
diate feedback control purposes. Like the contact resis 
tance characteristic, the hold and release characteris 
tics are not'under the control of the operator so that the 
outputs of flip-?ops 194 and 196, which monitor these 
two tests respectively, are not connected to the display 
unit 136. The Q outputs of all ?ve ?ip-?ops 186-196 
are connected to an AND gate 198 whose output pro 
vides 'a signal anytime that a reed switch fails at least 
one of the electrical tests. The reset inputs R of these 
?ip-?ops are all connected to receive the enable signal 
so that those ?ip-?ops set during the enable period are 
reset at the end of the period preparatory to the testing 
of the next switch. 
The output A of register 142 'is connected to a 

NAND gate 200 to partially enable said gate during pe 
riod A to set ?ip-?op .186. The gate 200 is fully enabled 
by a signal on its second input which is derived from an 
AND gate 202 during the application of the test strobe 
signal TS to one of its inputs while the signal CR is ap 
plied to its other input. The CR signal is, of course, gen 
erated by the voltage comparator 130 in the electrical 
test apparatus 113 only if the reed switch failed the 
control resistance test. 
The ?ip-?ops 190-196 are all controlled during their 

respective periods C-F by the signal CO which indi 
cates that the reed switch under test is operated 
(closed). Flip-?ops 190 and 196 are set to indicate fail 
ure of the respective tests, low gap and release, if the 
signal CO is present (switch closed) while ?ip-?ops 192 
and 194 are set to indicate failure of their respective 
tests, high gap and hold if the signal CO is not present 
(switch open). An AND gate 204 is fully enabled by the 
signals TS and CO applied to its inputs. The output of 
AND gate 204 is connected to the S inputs of flip-?ops 
I90 and 196 via NAND gates 206 and 208 respectively. 
Consequently when AND gate 204 is fully enabled dur 

. ing period C, (low gap test) the output C of register 142 
applied to the second input of gate 206 fully enables 
said gate to set ?ip-?op 190. Similarly fully enabling 
AND gate 204 during period P (release test) sets ?ip 
flop 196.‘ 
The output of AND gate 204 is passed through an in 

verter 210 and then applied to'the S inputs of ?ip-?ops 
192 and 194 via NAND gates 212 and 214 respectively. 
Consequently when AND gate 204 is disabled during 
‘period D, Nand gate 212 is fully enabled by the output 
of gate 204 and the D output of register 142 to set flip 
flop 192. Similarly NAND gate 214 is fully enabled 
during period E to set ?ip-?op 194 when AND gate 204 
is disabled. - ‘ ‘ 
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Because the operator also has no control over the 

high voltage breakdown characteristic, the results of 
this test are not displayed but merely monitored by a 
counter 216 which counts the number of failures v-ia Q 
output of a ?ip-?op 218 which stores the information. 
F lip-?op 218 is set in response to the signal VB indicat 
ing a failure which is applied to an input of a NAND 
gate 220 that is fully enabled during the G period in the 
presence of the test strobe via an AND gate 222. Flip 
flop 218 is reset each time at the end of the enable pe 
riod. . 

The signals L and CN from the test head indicating 
length and concentricity failures are applied to two 
‘NAND gates 223 and 224 respectively which are par- . 
tially enabled during period A in the presence of the 
test strobe via an AND gate 226. Their outputs are con 
nected to the S inputs of two ?ip-?ops 228 and 230 re 
spectively for setting these when fully enabled. The Q 
outputs of ?ip-?ops 228 and 230 are connected to the 
display unit 136 for displaying the results of the length 
and concentricity tests to provide immediate feedback 
information to the operator. 
A shift register 232, comprising ?ve flip-flops, is used 

to determine if a switch is good or bad by simulta 
neously receiving the test results for the switches in test 
stations two through ?ve of the test head 30 and shift- ‘ 
ing the information from ?ip-?op to ?ip-?op in syn 
chronism with the movement of the switches. For in 
stance, the ?rst ?ip-flop 234 has its CD (clear direct) 
input connected to the output of NAND gate 223 so 
that a negative pulse indicating a length failure for the 
switch in station two resets ?ip-?op 234 causing a low 
signal to appear at its 0 output. Similarly a ?ip-?op 
236, which has its CD input connected to the output of 
NAND gate 224, is reset by a negative pulse indicating 
a concentricity failure for the switch in station thLee. A 
?ip-flop 238 has its CD input connected to the 0 out 
put of ?ip-flop 218 to receive a reset‘ signal therefrom 
for failure of the high voltage breakdown test by a 
switch in station four. A ?ip-?op 240 has its CD input 
connected to the output of AND gate 198 to receive a 
reset signal therefrom for failure of any one or more of 
the electrical tests by a switch while in the test coil ad- - 
jacent station ?ve. A ?ip-?op 242 provides a signal at 
its 0 output indicating whether the switch in station six 
is good or bad, a high signal indicating good and a low 
signal indicating bad. 
Each ?ip-?op of register 232 has its Q output lead 

connected to the D input lead of the next ?ip-?op (to 
the right) so that when toggled by a negative going 
pulse on its T input its 0 output is transferred to the fol 
lowing D input. The toggle signal is supplied from the 
Q output of a ?ip-?op 244 which is reset each time the 
machine indexes by applying to its. reset input R 
through an inverter 246, the raise carrier signal (wave 
form 1 of FIG. 3) and is set at the beginning of the en 
able period by applying the enable signal to its set input 
through an inverter 248. Thus as a switch moves from 
one station to the next the information for it is passed 
from one ?ip-?op to the next. As soon as a switch fails 
a test the ?ip-?op of register 232 associated with that 
test is reset and the low signal of the Q output is there 
after shifted from ?ip-?op to ?ip-?op as the switch 
moves from station to station until it arrives ‘at station 
six. If the switch passed all of the tests then the high Q 
output or ?ip-?op 242, indicating a good switch. to 
gether with the enable signal fully enables an AND gate 
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250 to generate the unload signal Un applied to air cyl 
inder 104 to enable it to push the switch in the good 
switch hopper. A low Q output of ?ip-?op 242, indicat 
ing a bad switch, disables AND gate 250 inhibiting the 
signal UN so that air cylinder 104 is not operated, 
thereby permitting the switch to be transported to sta 
tion seven where it is unloaded in the bad switch hop 
per. A counter 252 is ‘connected to the output of AND 
gate 250 of monitor the number of good switches tested 
by registering the number of high signal pulses re 
ceived. - v 

A ?ip-flop 254 has its D input connected to the Q 
output of ?ip-flop 238 to provide the inhibit signal IN 
which is applied to the test head 30 to inhibit air cylin 
der 96 from pushing a switch located in station ?ve into 
the test coil if it failed any one of, the ?rst three tests 
(length, concentricity or high voltage breakdown). As 
such a switch is moved from station four to station five 
the low Q output of flip-flop 238 is transferred to the 
.0 output of ?ip-?op 254 upon toggling so that the sig 
nal IN will be present when the switch arrives in station 
?ve. Although air cylinder 96 is actually controlled: 
from the timer assembly for timing purposes the path 
for the signal may be easily opened in one of many dif 
ferent ways, such as by a relay which is responsive to 
the signal IN. ' x 

The display unit 136 in the control panel for display 
ing the reed switch testresults comprises a matrix array 
of lamps 256, each having its own associated logic cir 
cuitry 258 for energizing the light as shown in FIG. 11. 
Each column consists of four lamps for each one of the 
N plurality of machine manufacturing heads"(the ma 
chine head being identi?ed by numbers at the top of 
each column) while each row corresponds to one of the 
four tests selected for display, namely length (L), con 
centricity (CN), low gap (LG) and high gap (HG). 
Each lamp is operated when a switch manufactured ‘on 
the head corresponding to its column fails the test cor. 
responding to its row. Each of the four failure signal 
leads from the results control logic is connected to all 
of the logic circuits 258 associated with that particular 
row of lamps. The display unit 136 vfurther comprises 
a ring counter 260 having N output leads with each 
lead being connected to four logic circuits 258, one in 
each row in such a manner so as to control the lighting 
of the proper lamp for the proper switch and test. Bear 
ing in mind that the results of the length test fora 
switch in station two, the concentricity test for a switch 
in station three and the low-gap and high gap tests for 
a switch adjacent station four are received simulta 
neously and the reed switches are received in the test 
head from the machine head in increasing numerical 
sequence, it may be appreciated that the proper lamps 
will always be lighted be connecting each output lead 
of counter 260. to a logic circuit 258 in a given column 
in the ?rst row (L), the logic circuit 258 in the ?rst col 
umn preceding said given column in the second row 
(C) and the logic circuits 258 in the third column pre~ 
ceding said given column in the third (LC) and fourth 

. (HG) rows. The control signal of counter 260 is shifted 
from one-output lead to the'next by a shift signal SH re 
ceived from the 0 output of ?ip-?op 244 in the results 
control logic 134 when set at the beginning of each en 
able period. 
Each logic circuit 258 is seen to contain two ?ip-?ops 

262 and264, a NAND gate 266 for providing a toggle 
signal, an AND gate 268 for passing the test informa 
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tion and an AND gate 270 for energizing the lamp 256 
when fully enabled by both its inputs to indicate a test 
failure. For the moment assume that ?ip-?op 264 is 
maintained in a set state by the application of a display 
each failure signal to its DS input so that its Q output 
is high and AND gate 270 is partially enabled and that 
furthermore ?ip-?op 262 is in a :reset state. The AND 
gate 270 is then fully enabled when ?ip-?op 262 is set 
(Q output high) which will occur upon toggling if AND 

' gate 268 is fully enabled when the control signal from 
counter 260 is applied to its input in the presence of a 
failure signal on its other input, the failure signal corre 
sponding to the row for that particular logic circuit. 
The toggle signal is supplied each time during period G 
by the output of register 142 in the test control logic 
'132'in the presence of the control signal from counter 
.260. Once lit the lamp 256 remains lit until AND gate 
270 is disabled which will occur only ‘when ?ip-?op 262 
is resetduring some subsequent toggle period by a low 
output from AND gate 268,‘ which is disabled by the 
absence of a failure signal for some later tested switch. 
in other words once a lamp 256 for a particular ma 
chine head operates to indicate a particular test failure 
it remains operated until ‘some following switch pro 
duced on that-‘same machine head passes that particu 
lar test. By looking at the lamps for each machine head, 
the operator knows at a glance which of the four con 
trolled characteristics for each machine head needs ad 
justment. 
To aid the operator in deciding whether or not to 

make adjustments it may be desirable to convey such 
a need by‘operating a lamp 256 only if two successive 
switches from the corresponding manufacturing head 
fail the same test rather than each time a switch'fails 

. that test. It will be'readily seen that such will be the 
case when the display each failure signal is removed 
from ?ip-?op 264 by the operator pushing a button on 
the display panel. The test failure of the first switch sets 
?ip-?op 262 while the test failure of the next switch 
sets ?ip-?op 264 to fully enable AND gate 270. 

It may now be readily appreciated that the unique 
transport assembly used for transporting the reed 
switches from station to station together with the me 
chanical test movements employed in the reed switch 
analyzer result in a test head which is compact and so 
designed that it may be added to or removed from the 
manufacturing machine quite easily and conveniently 
without interfering with production output. This is so 
because no direct mechanical linkage interconnect the 
test head with the manufacturing machine so that the 
latter need not be stopped to permit adding or remov 
ing the former. Synchronism between the two is pro 
vided by the timerf'assembly which is mechanically 
linked to the manufacturing machine but is electrically 
linked to the test head so that to disengage the test head 
it is only necessary to remove the connector cable with 
out stopping the machine. The connector cable also 
carries the control and display digital signals to and 
from the control panel so that the equipment therein 
need not encumber the manufacturing machine. Thus 
the reed switch analyzer of this invention is able to sep 
arate good switches from the bad as they are received 
from the manufacturing machine without any human 
intervention while at the sametime providing immedi 
ate feedback information to the machine operator for 
quality control purposes. The speci?c embodiment de— 
scribed herein is intended to be merely illustrative and 
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not restrictive of the invention since various modi?ca 
tions thereto may be readily apparent to those familiar 
with the art without departing from the scope and spirit 
of the invention as set forth in the claims hereinbelow. 

What is claimed is: 
1. A transport assembly for moving reed switches or 

the like from station to station comprising: 
a housing having an open channel formed in a hori 

zontal surface thereof with support notches located 
opposite one another on either side of the channel 
spaced along the channel, each pair of oppositely 
placed notches de?ning a station in which a reed 
switch is to be received; 

a carrier bar positioned within the channel which is 
free to move vertically or horizontally relative 
thereto, said carrier bar having notches along its 
length which align with said pairs of support 
notches while said bar is in a level position relative 
to the channel surface and in a normal position rel 
ative to the channel length; 

a transport member for moving said bar, including 
raise means which is activated to raise said bar 

‘ from the level position so that the undersides of any 
reed switches received in the notches thereof-clear 
the top of said support notches, lower means which 
is activated to lower said bar below the level posi 
tion so that the top surface of the bar clears the un 
dersides of the reed switches received in said sup 
port notches and sliding means which is activated 
to advance said bar horizontally so that each of said 
bar notches are advanced to the next pair of sup 
port notches and is deactivated to return said bar 
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to the normal position, ‘and 

timing means for controlling said transport assembly 
in the following cyclical sequence: l) activate said 
raise means, 2) activate said sliding means, 3) de 
activate said raise means and activate said lower 
means, 4) deactivate said sliding means and 5) de 
activate said lower means. 

2. The transport assembly of claim 1 wherein each of 
the transport assembly means includes a pneumatic de 
vice which is responsive to electrical signals from said 
timing means. 

3. The transport assembly of claim 2 wherein the gen 
eration of electrical signals by said timing means is me 
chanically controlled by a cam shaft adapted to be syn 
chronized to and driven by a machine used for produc 
ing the reed switches. ' 

4. The transport assembly of claim 2 wherein said 
pneumatic devices are air cylinders controlled by sole 
noid valves. 

5. The transport assembly of claim 4 wherein said 
sliding means includes a slider connected to the piston 
rod of an air cylinder and a horizontal guide for re 
stricting the slide to horizontal movement. 

6. The transport assembly of claim 5 wherein said 
transport member includes a horizontal plate situated 
below said slider and the air cylinder of said lower 
means is affixed to said slider while its piston rod is af 
?xed to said'plate for lowering said plate when acti-v 
vated and said raise means comprises two air cylinders 
affixed to said plate while their piston rods are affixed 
to said carrier bar for raising same when activated. 

* >|< * * * 


