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CHAPTER I
INTRCDUCTION

1.1 Background

This thesis topic developed from a need for an
efficient and complete testing procedure for the
assembled KitchenAid dishwashers at The Hobart Man-
ufacturing Company, Troy, Ohio. The cam timers are
tested before they are assembled on the dishwashers,
The existing method of testing the cam timers conslsts
of having an operator watch a series of lamps. The

lamps monitor the output circuits of the timer,

The objective of this thesis is to design and
build an automatic tester which will monitor each
output circult of the timer and obtain a decision

of acceptance or rejection of the timer,



1.2 A Description of the Cam Timer

The basic function of the cam timer in a dishwashing
machine is to control the fill, wash, rinse, and dry
cycles, A timing chart of one dishwashing cycle is shown
in Figure 1. The tim;r consists of a set of contacts
which are opened and closed by rotating cams (Figure 2),
The present timer consists of nine cems and nineteen out-
put functions (Figure 5). The cams are driven by a motor
and a windup escapement. The escapement impulses the
cams 6 degrees every L5 seconds, The escapement also
allows the cams to be rotated independently of the motor;

thus, the timer can be set in a desired part of the dish-

washing cycle by an operator,
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The Mechanical Layout of the Tester



Front View of the Tester



Fig. L4
Rear View of the Tester
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CHAPTER II

GENERAL CONSIDERATIONS IN THE METHOD OF
TESTING THE CAM TIMERS

2.1 Statement of the Problem

The problem is to determine if the relative phase
and duration of the output functions of the timer are
within preset limits., The method used to determine the

above criteria should have the following features:

(1) The operation of the automatic tester
must be independent of the initial
position of the timer that is to be
tested,

(2) A reset button must be pushed before
the test commences,

(3) A decision of acceptance or rejection of
the timer 1s to be displayed,

(L) A decision of acceptance or rejection of
each output function of the timer is to

be displayed,



2.2 Proposed Method of Testing the Cam Timers

The method proposed to test a cam timer is to
compare the corresponding output functions of a test
timer and a master timer, as both are rotasted through
360 degrees or one cycle, The problem encountered in
this method is to align accurately the two timers into

the same electrical phase in the beginning of the test.

The first attempt at aligning the timers was of a
mechanical nature. The output shaft has a flat located
T 3 degrees.with respect to the first impulse of the
timing cycle (Figure 6), The test and master timers

‘were aligned by means of this flat, This method failed
because a tolerance of ¥ 3 degrees upon the location of
the flat allowed the two timers to be out of phase by one

timing impulse.

It is proposed to align the timers electrically by
monitoring the pilot light contacts of the test and mas-
ter timers, The pilot light contact opens and closes
once during one cycle, At the instant the pilot light
contact closes, the timer is at the beginning of the dish-
washing cycle (Figure 1), A

A brake is used to hold the master timer at the

beginning of 1its cycle, a clutch to couple and decouple



Fig. 6

The Relative Alignment of the Flat on
the Shaft to the First Timing Impulse
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the two timers, and a 6-revolution-per-minute motor

to rotate the timers. The mechanical layout used

is shown in Figures 2 and 7. The two zero-backlash
gears are used to obtain the proper direction of
rotation for each timer. With the clutch and the
brake engaged, a timer 1ls placed on the test fixture.
The clutch is disengaged, and the motor is energized.
The master timer is held at the beginning of the dish-
washing cycle by the brake, and the test timer 1is
rotated until its pilot light contact closes. The
motor is turned off, and the clutch is engaged. At
the end of a short time delay, the brake is released,
and the motor is turned on. The two timers are rotated
360 degrees during which time their corresponding
output functions are compared for differences. When
the pilot light contact of the master timer closes,
the motor is turned off and the brake engaged. A
decision of acceptance or rejection of the test timer

is displayed.

5 4
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CHAPTER III

THE LOGIC DESIGN OF THE AUTOMATIC
TIMER TESTER

3.1 Power Supply Requirements

Motorola diode transistor integrated circuits
are used to implement the logic., Appendix I gives
the specifications for the loglc circuits, A power
supply with +5.6 volts is used to obtain as large a
voltage change as possible at the collector of each
transistor. The +5.6 volt supply is to deliver a
maximum of 2.0 amperes to supply power to 25 six-
volt, forty-milliampere lamps, and 6 six-volt, sixty-
milliampere reed relays. The negative supply is -S.6
volts, The power supply uses standard zener diode
regulation techniques.l The schematic of the power

supply is shown in Appendix II,
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3.2 The Design of the Power Logic

A reset button, which controls two relays, is
used to reset and to connect the power supply to the
logic circuits. Thus, the logic is reset to its initial
state at the same time the power is turned on. The
motor, brake, and clutch should not be on at the same
time. Logic is needed to detect and stop the oper-

ation of the tester if this conditlon occurs,

Figure 8 shows the circuit used to mechanize
the above three conditions, Appendix IIT and Appendix
IV give, respectively, the symbols for the Boolean
operations and variables used in the logic. When the
reset button is pushed, relay R is energized. Then
relay P is energized through the normally-closed contact
y' and the normelly-open contact r3. Relay P stays
energized through its normally-open contact P and
the normally-closed contact y'. The power supply is
connected to the logic through the normally-open
contacts po and p3. The normally-open contacts r and

r, of relay R are used to reset the logic.

The function ¥ detects when the motor, brake, and

clutch are on at the same time.

M - Motor
Y = M«BeC B - Brake
C - Cluteh
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A reed relay coil with normally-closed contact y' is
the load in the collector circuit of power gate (1).
Thus, the contact y' opens when Y equals a logic O,

and relay P de-energizes. With relay P de-energized,

the power supply is disconnected from the logilc,

16



3.3 The Design of the Control Logic

The input variables that are used for control
purposes are obtained from the pilot light contacts
of the test and master timers, When the pllot light
contact closes, it triggers a flip-flop into the "off"
state. TFigure 9 is a diagram of the circuit used to
accomplish this, PT is the output of the flip-flop
that detects the closing of TT, the pilot light contact
of the test timer, Reed relay K energizes after TT
closes, This causes the normally-open contact k to

close, and a negative pulse triggers P, to a logic 1.

T
Appendix III gives the truth tables for a flip-flop.
Flip-flop (1) is reset by the normally-open contact rq.
Figure 10 is a diagram of the circuit used to detect
the closing of MT, the pilot light contact of the

master timer,

Figure 11 shows a timing chart for the control
of the M (motor), C (clutech), and B (brake) functions
with the inputs PT and PM' At the time t equals tz,
the motor is energized and the brake released, However,
there is no change in PT or PM. A time-delay stage
which turns the motor on and brake off is introduced.

The time delay starts when PT changes to a logic 1, At
the time t equals t2, a signal from the time-delay stage

17
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causes Xl, the output of a flip-flop, to change to a
logic 1. By closing a start button at the beginning of
the test cycle, S, the output of a flip-flop, is changed
to a logic 1, Figure 12 gives the timing chart of the

control logic for one cycle, The variable

is shown also,

The variables S, P P, and X are used to control

T’ "M

the output functions M, B, and C, From the timing chart,
it is observed that there are five stable states, The
primitive flow chart corresponding to these states is
shown in Figure 13, The stable states are circled,

From the primitive flow chart, a merged flow chart is
obtained by combining "row" states(i%(éh and(S)and "row"
states @ and(@. "Don't care" terms are utilized in this
step.2 This cholice of merging results in only one feed-

back variable,

F, the feedback variable, is coded as shown in
Figure 1lli., Figure 15 shows the Karnaugh maps for the

functions f, M, and B,

= fOPM—+ X
= S‘x‘PM
F+X

=PT

A Wl = B
|

21
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By comparing the truth tables of f and a set, reset flip-
flop, it is observed that they are identical., Figure 16

illustrates this,

Figures 17 and 18 show, respectively, a block
diagram and timing chart for the functions used in the
control logic, G 1is the output of a power NAND gate

which turns on a test lamp when the logic is reset,

25



Direct Set- Reset
Sp Rp Q
0 1 1
.1 0 0
1 1 Chggge

Truth Table of the

flip-flop
X Py i
0 1 1
1 0 0
1 8 0
1 & 1

Truth Table of f

Fig. 16

The Truth Tables of f and the
Direct Set- Reset Flip-flop

26



I +5.,6 Volts
- | Sp P,
_L o T lep *|Delay
I s+
- D
. +5.6 Volts
= D S¢ Tl 15 :
SE:"' — e s _* Xl g
v N e -
Start —~ e _.xlr B B
Button I Ry Ry TRp T
" +5.6 .
Volts

pLe
3 C=Pqp —+>05
+5,6 Volts

T All Resistors are 3.3Ke,

Block Diagram of the
Control Logic

Pig. 17
MT diiL

.|H
L

27



i

0N

O rd O 1O 4 O ¢d O+ O O Ol O O O

£+ = i
ny ny > < G = m (@) > &)

Fig. 18

A Timing Chart of All the Control Logic

28



3.k The Design of the Comparison Logic

Each corresponding circult of the test and master
timers is compared by an exclusive OR gate, Figure 19
shows the four NAND gates used to impleﬁent the excluslve
OR function. A time-delay stage determines if the corre-
sponding circuits of the timers differ by a preset time

increment.

The output of the time-delay stage 1s a negative
pulse that triggers a flip-flop into the "off" state.
Qi’ the output of the i-th flip-flop, is the input to a

lamp driver., If T the input from the i1-th circuit in

i)
the test timer, is faulty, the following conditions occur:
Q =1
Ci =0

When Ci’ the output of the i-th lamp driver, equals a
logic O, the i-th lamp is turned on. This displays
which circuit is faulty in the timer. The flip-flop is

reset by the function X during the next test cycle.

The outputs of the individual comparison circuits
are the inputs to a final AND gate, which determines
whether the timer is accepted or rejected. Figure 20
shows the AND gate mechanized with NAND gates and in-

verters, The output. is
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where C; 1s the output of each comparison circuit.

Gate (1) is a lamp driver for the accept lamp, and

inverter (2) is a lamp driver for the reject lamp.

The time-delay circuit is shown in Figure 21. The
circulit is a unijunction transistor relaxation oscilla-
tor,3 The basic equation for the time needed "to fire"

the unijunction transistor (UJT) is derived as follows:

R

C—— ‘R’c
T .

}

Vo
A
Fig. 21

Unijunction Transistor Relaxation Oscillator

—tAC
Vo = Voo (1 - o ) (1)
When Ve = 7 Ve (2)
where =

The intrinsic stand-off ratio of
the UJT ’
the transistor's emitter (E) to base 1 (Bl) junction is

forward-biased. This allows capacitor C to discharge and
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the resistance (Rgg) from base 2 (B2) to base 1 (Bl)
reduces. A negative pulse appears at B2, Equation
(2) is substituted into equation (1), and the time is

determined as a function of R and C:

t = -RC1n(1 -77)
With 7 = 0.7
% & 1,2R0

Since one impulse of the timer corresponds to

167 milliseconds, the minimum and maximum time delays,
respectively, are 15 milliseconds and 500 milliseconds,
With a lq/Lf. capacitor

Rymy * K

Ryax = 50K
A 50Ka potentiometer is used to charge the 10.T.
capacitor (Figure 22). The fall time of the pulse at
B2 of the unijunction transistor is too long to trig-
ger a flip-flop. Therefore, the pulse is differentiated
by a 0.14.f, capacitor, and the 15Ka voltage divider
adjusts the amplitude of the pulse to the correct
voltage level needed to drive the two NAND gates.,
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3.5 A Description of the Power Control Circuilts
for the Motor, Brake, and Clutch

A method of transfer is needed from the voltage of
the logic circuits to the operating voltage of the control
devices, A single-pole, normally-open reed relay 1s used
to mechanize this trasnsfer. The reed relay coil is in
the collector circult of a gate, whose output is the
complement of the desired output function, Thus, when
the function is a logic 1, the reed relay contact is

closed.

The electromagnetic brake and clutch operate on 90
volts d-c, Figure 23 shows the circuilt used to control
the brake and clutch, One circuit is needed for each.
Upon closure of the reed relay contact, the silicon-
controlled rectifier (SCR) conducts every other half
cycle of the 115-volt, 60-cycle supply voltage. The
1500 -dropping resistor and L »f, capacitor provide
approximately 90 volts d-c¢, to the brake and clutch,
There 1s a sizable ripple content to the voltage, but
it 1s not objectionable,

The motor operates on 115 volts, 60 cycles, Figure
2ly shows the circuit used to control the motor. The SCR's
are connected back-to-back; thus, they provide a solid-
state switch for the motor. The leakage current from

the anode to the gate of each SCR is used "to fire" the

34
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SCR's when the reed relay contact is closed.
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CHAPTER IV
EXPERIMENTAL DATA AND RESULTS

l.,1 Experimental Data

Since the entire test depends upon the alignment
of the test and master timers, it is essential that the
flip-flops, whose outputs are PT and PM, are not triggered
by contact bounce of their respective pilot light con-
tacts, The upper trace of Figure 25 shows the voltage
across the pllot light contact of the test timer as it
closes, The upper trace of Figure 26 shows the voltage
across the same contact as it closes, with an R-C filter
across the contact, Experimentally, 1002 in seriles
with a 33/“13 capacitor was effective in damplng the

noise,

Figure 25 shows the contact bounce across the pilot
light contact and the output of the corresponding reed
relay contact, Note that the contact bounce is trans-

ferred to the relay contact,

Figure 26 is the same as Figure 25 except that an
R-C filter 1is across the pilot light contact, It is

observed that the transfer of the nolse to the reed relay

37



Sweep Rate: 1 millisec/cm,

Amplitude

Upper Trace: 2 volts/cm,
Lower Trace: 2 volts/cm.

Upper Trace: Voltage across contact TT
without an R-C fillter

Lower Trace: Voltage across contact k

Fig. 25
The Transient Voltage Across the Pilot
Light Contact of the Test Timer Without

an R-C Filter
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Sweep Rate: 1 millisec/cm,

Amplitude

Upper Trece: 2 volts/cm,
Lower Trace: 2 volts/cm,

Upper Trace: Voltage across contact TT
with an R-C filter

Lower Trace: Voltage across contact k

Fig. 26

The Transient Voltage Across the Pilot

Light Contact of the Test Timer With
an R-C Filter
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contact is reduced except for one large pulse. This
pulse is believed to be due to an imperfection in the
cam, Moreover, the filter eliminates a source of noilse
that feeds back into the +5.6 volt supply. Without the
filter, the motor will not stop when the pilot light
contact of the test timer closes, This 1s due té nolse
from the contact changing the state of the flip-flop,

whose output is PT'

Also, it was discovered that the reed relays were
a source of noise, Upon opening and closing the contacts
of the reed relays, the state of the flip-flops changed,
Diode suppression of the reed relay coils proved ineffec-
tive, Suppression of the reed relay contacts with
«01 «f. capacitors helped, but did not eliminate the
problem, . The construction of the reed relasay is such
that the contacts are coupled magnetically to the coil
(Figure 27). The coil has approximately 10,000 turns so
that the contact and coll act as a pulse transformer for
any voltage change across the contact, This problem was
solved by using a separate power supply for the reed

relay coills,

The final noise problem is due to noise pickup
from the a-c, line of the motor. It 1s observed on the

oscilloscope that the logic calls for the motor to be

Lo
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energized in the middle of the test cycle. However,

the flip-flop, whose output is f, changes state ss the
motor energizes, Figure 28 illustrates this. Figure 29
shows the same noise except that the logic output for
the motor did not change. The bottom trace is M, The
motor has successfully energized and 1s rotating the test
and master timers. The upper trace is the +5.6 volt
supply. At 2.2 milliseconds after M has switched to a
logic 1, a noise signal is observed in the +5,6 volt
supply. This noise signal is radio-frequency noise from
the motor., It is coupled to the +5,6 volt supply from

the a-c., line of the motor,

Figure 30 shows T the input from the test timer,

i’

and C the output from an individual comparison stage.

1?
Both inputs to the exclusive OR gate are a logic 1 until
the contact of the test timer closes, Then the input
from the test timer changes to a logic 0, After 35
milliseconds the output of the lamp driver changes to a

logic O,

Figure 31 shows the relative alignment of the test
and master pllot light contacts. The contacts are aiigned
within 2 milliseconds of each other. This corresponds to

1.2 per cent of one impulse of the timing cycle.
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Sweep Rate: ,5 millisec/cm.

Amplitude

Upper Trace: 1 volt/cm,
Lower Trace: 2 volts/cm,

Upper Trace: Voltage at the output of an
inverter for the function M,

Lower Trace: Voltage at the output of a
NAND gate for the function M,

Fig, 28
The Effect of Noise Upon the Output

Function For the Motor
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Sweep Rate: .5 millisec/em,

Amplitude

Upper Trace: 2 volts/cm,
Lower Trace: 2 volts/cm,

Upper Trace: +5,6 Voltage Supply.

Lower Trace: Voltage of the output function M,

Fig. 29

Display of Noise in the Power Supply



Sweep Rate:

Amplitude

S millisec/cm,

rper Trace: 2 volts/cm,
Lower Trace: 2 volts/cm,

Upper Trace:

Lower Trace:

Outrut of an individual
comparison circuit,

Input to the exclusive OR

gate from a faulty timer
cirecult,

Flg. 30

A Display of the Invut and Output

Voltages of an Individual Comparison Circuit
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Sweep Rate: 5 millisec/cm,

Amplitude

Upper Trace: 2 volts/cm,
Lower Trace: 2 volts/cm,

Upper Trsce: Voltage
with an

Lower Trace:  Voltage
with an

ig. 31
A Display of the Voltage

Contacts of the Master

46
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4.2 Experimental Results

It was found upon assembling the complete system
that the flip-flops in the logic were sensitive to noilse,

The sources of noise were determined to be the following:

(1) Radiation from fluorescent lamps,

(2) Radiation from the motor,

(3) Electrical noise from the motor,

(L) Electrical noise from the reed relays.

(5) Electrical noise from the timer contacts.

The radistion from the fluorescent lamps was
shielded effectively. The electrical noise from the reed
relays was eliminated by using a separate +5,6 volt
supply for them, The electrical noise from the timer

contacts was filtered by an R-C network,

The remaining problem is to filter the electrical
noise from the motor, By substituting a 115-volt, 100-
watt lamp for the motor and rotating the system by hand,
it was confirmed that the nolse is from the motor. The

logic successfully sequenced through the test cycle,

It wes determined that a test timer can be aligned
accurately with a master timer, Thus, a comparison of
the corresponding circults of each timer is a feasible

method of testing the timers,
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CHAPTER V
SUMMARY AND CONCLUSIONS

5.1 Discussion of the Experimental Results

Since noise affected the loglc circuits, the design
should be modified to improve the noise immunity of the
system, The following changes are recommended by the

author:

(1) The zero-volt line should be isolated
from the chassis,

(2) The chassis should be connected to
earth ground,

(3) All cables should be shielded.

(4) The a-c. and d-c, leads should be kept
as far apart as physically possible,

(5) The motor should be filtered effectively

for redio-frequency noise,

With the sbove steps taken, it is the author's

opinion that the tester will operate successfully.

Since high-speed logic is not necessary for the
successful operation of this tester, it would be better

if the logic were mechanized by discrete components. The
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transistors of the flip-flops could be biased completely

into the saturation and cut-off regions.

The requirements of the design as stated in Section
2.1 were met successfully., It was demonstrated that a
test timer can be aligned electrically with a master

timer,
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mc254 MC250 DTL SERIES

3-Input Diode Transistor Logic NAND/NOR Power
Gate.

MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Rating Unit
Applied Voitage V,,' 8,9 g +8 3 Vde
Vs -6
Va' 6 +6
Forward Current ls thru 10 30 mAdc
Load Current l3 75 mAdc
Operating Temperature Range 'A'J 0to 75 *c
Storage Temperature Range T“g ~65 to +175 o

T et
¢ —
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Motorola lntegraledfi;cuifs

MC254 (continued) (Vs = 4 Vde, Vs = 2 Vdc, Vi = 0,
ELECTRICAL CHARACTERISTICS Ts=25"C unless otherwise noted)
Characteristic Symbol Winlmum Typical Maximum Unit
Quiput Breakdown Voltage BVa Vdo
(Ig = SuAdc, V, = 0 6 - =]
1" Qutput Current la HAde
(V,,'B o= 1.0Vdc, V3 = 5Vdc) . - - 100
(V'I,B o 0.75Vde, Va = §Vde, - - 100
TJ = 75°C)
(V7§ o 9 = 1+1Vde, Vy = 5Vdc, - - 100
Ty= 0°C)
*0" Output Current l.’! mAdc
(V.{'s o™ 2.0Vdc, V3 = 0,55, 30 - -
T, =010 75°C)
Input Breakdown Voltage Vde
(i; = 10uAde, Vg = 0) BV, 8.0 - -
(ig = 10uAde, V, = 0) BV 80 - -
| (ig=10uAdc, Vy = 0) BV 8.0 - -
Inpul Leakage Current HAde
(V., = 5Vdc, Vg = 0) Iy - - 0. 50
(V., = 5Vdec, Va =0, TJ = 75°C) I - - 25
(Vg = 5Vde, Vq=0) Iy - - 0.50
(Va = 5Vdc, V7 =0, 'I'J = 75°C) Ie - - 25
(V° = 6Vde, V, = 0) I, - - 0.50
(Vg- S$Vde, V.I-O, TJ-’IS'C) 19 - - 25
Input Turn=-Off Current mAdc
(Alternately, V.I Vul\l).l =0) l." l" l' - - -4,5
(Alternately, V'I,VB,VO =0, l.,' le'lo - -
TJ = 0to 75°C)
(Vip=0 Lo - - «5.5
Output Capacitance C‘.’ 4
(VS = 2,0Vdc, Vh = 25mVrms, - - 15
{ = Imc, unused pins grounded) .
Input Capacitance ot
(V‘l = 2.0Vdc, ‘v"n =25mVrms, C,, - - 10
{ = 1lmc, unused pins grounded)
(V(i = 2,0Vdc, Vm = 25mVrms, (.‘a - - 10
{ = 1mc, unused pins grounded)
(V9 = 2.0Vdc, Vm = 25mVrms, C9 - - 10
{ = 1mc, unused pins grounded)
Power Supply mwW
‘(Output "OFF", V7 =0) - - 23
(Output "ON") - - 66
Switching Times nesec
Turn=-On Delay tm - - 35
‘l\\m'-Ofl Delay ‘o(( - - 100
Average Propagation Delay t od - 40 - nsec




Motorola Integrated Circuits

Mc2588 MC250 DTL SERIES

}uf

Dual (3-2) Input Diode Transistor Logic NAND/NOR

Gate.

MAXIMUM RATINGS (Ts= 25°C unless otherwise noted)

Characteristic Symbol h.ling Unit
Applied Voltage Vde
: V3,4,6 thru 0 +8
VS -8
Vz' 10 +6
Forward Current mAdc
12 10 +30
’
L thru 4, =30
T thru 10
Operating Temperature Range TJ 0 to +75 °C
Storage Temperature Range Tug -85 to +175 °C
MC258
6 ‘ 6
3 2 7 —
8
G —— P —
1 1
8. = § =

i

G=CDE

F=AB
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MC258 (continued)

ELECTRICAL CHARACTERISTICS

(Ve = 4 Vdg, Vs = 2 Vdc, Vi = 0, Ts = 25°C unless otherwise noted)

Motorola Integrated Circuits =m———

Characteristic Symbol Minimum | Typical Maximum Unit
Output Saturation Voltage Vde
(iy = BmAdc, V4 = V, = 2Vdc, Vi - - 0.55
TJ =0to 75°C) d
“10 = 8mAdc, V.' - Vs - Vo = 2Vde V10 - - 0.55
TJ =0to 75°C)
Output "Off"" Voltage Vde
(X2 = 100uAde, V:l = 1,0Vde V3 3.5 - -
(I, = 1004Adc, V, = 0,75Vdc, v, 3.5 - -
TJ =75°C)
(I = 1004Adc, Vg = 1.1Vde, v, 3.6 - -
TJ =0 C)
! (lw = 1004 Adc, V’l = 1,0Vde VlO 3.5 - -
(i, = 100uAde, V, = 0.75Vdc, Yio 3.5 - -
TJ 5 75°C)
(I o = 100uAde, Vy = 1.1Vde, Vio 3.5 - -
Ty = 0°QC)
Input Breakdown Voltage " Vde
; (13- 10uAdc, V‘ =0) BVS 8 - -
(l‘ = 10uAde, VJ-- 0) BV, 8 - -
(17 = 1QuAdc, VB = 0) BV., 8 - -
(I8 = 10uAdc, V., =0) BVa 8 - -
(I9 = 10uAdc, V.' =0) BV9 8 - -
t ka t I uAde
Input Leakage Curren! 13' ‘,I."
Is,%
(Diode under test at 5Vdc, all - - 0.50
other inputs = 0)
(Diode under test at 5Vdc, all - - 25
other inputs = 0, TJ = 75°C)
I, I mAde
Input Turn-Off Current 13' 4,17,
Tg, %o
(Alternately V3' Vd'V."VB' V0 =0) - - 2.3
(Alternately VS,VQ, V.,'Va' Vg=0, - - -3.5
TJ =01to0 75°C)
Output Capacitance pl
(Vz =2,0Vdc, V3 =0, V‘n = 25mVrms, C2 - - 10
{ = 1mc, unused pins grounded) !
(Vm = 2,0Vdc, V7 =0, \r"n =25mVrms, . Cw - - 10.

L_ { = lmc, unused pins grounded)
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Motorola Integrated Circuits

MC258 (continued)
| .
ELECTRICAL CHARACTERISTICS (continued)
Characteristic Symbol Minimum | Typical | Maximum Unit
Input Capacitance pl
(V3 = 2Vdc, Vm w 26mVrms, { = 1me, CJ - - 10
unused pins grounded)
(Vq = 2Vdc, Vm =25mVrms, { = lmc, C‘ - - 10
unused pins grounded)
(V= 2Vde, V, =25mVrms, {=1mc, Cy - - 10
unused pins grounded)
(Va = 2Vdc, Vh\ =25mVrms, { = Imc, C8 - - 10
unused pins grounded)
(V9 = 2Vde, Vm = 25mVrms, { = lmc C9 - - 10
unused pins grounded)
Power Consumption Power Supply : - mW
| (Output "OIf", Vy = V, = 0) - . 20
(output ""On") - - 34
Evitching Times nsec
Turn=On Delay 'on - - 60
Turn=Off Delay ‘oﬂ - - 80
Averago Propagation Dolay tpd - 30 . neeo

mc259 MC250 DTL SERIES

MAXIMUM RATINGS (Ts=25°C)

Diode Transistor Logic Flip-Flop.

Characteristic Symbol Rating Unit
Applied Voltage Vde
¥2,3,4,6,7 +
8,9, 10
Vt’5 -8
Forward Current mAdc
L g .
’
b,3,4, =
7 thru 10
Operating Tem_pei'ltura Range T; ) 010 +75 Lo)
Storage Temperature Range T't‘ 65 to +175 ‘c
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Motorola Integrated Circuits

MC259 (continued)

MC259 BINARY ELEMENT

O 04 BD IG
4%
D
Q8 / 0 5 Qf—8
T ﬁ'):‘.q-,lo-——-cc
z_RC Q pr—3
o—
= ¢—O02R ) | _l-
5 1
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Motorola Integrated Circuits

MC259 (continued)

ELECTRICAL CHARACTERISTICS
(Ve = 4 Vdc, Vs = 2 Vdc, Vi = 0, Ty = 25°C unless otherwise noted)

- Logic |Logic :
Characteristic symbol |state| Symbol | Minimum | Typleal | Maximum | Unit
OUTPUT LEVEL
"Off'" Voltage
(ig = -200uAde, V , = 0.55Vdc, Q 1 Vg 2.5 - - Vdc
Vg =2.0Vde, T, = 0to 75°C) )
(1, = -2004Ade, V, = 2,0Vde, q I § Vs, 2.5 - - Vdc
V, = 0.6Vdc, T, = 0to 75°C)
"On'" Vollage
(Xe = 16mAdc, V‘ = 2,0Vde, Q 0 VB - - 0. 55 Vdc
Vg =0.55Vde, T, =0to 75°C)
(iy = 16mAde, V, = 0.55Vdc, q 0 Vs - - 0.55 Vdc
V, =2.0Vde, T, = 0to 75°C)
DIRECT SET-RESET INPUTS
"Up" Voltage 5y 1 vy 2.0 - - Vde
RD 1 V.‘ 2.0 - - Vde
"Down'' Voltage §e 0 v 4 = L 0,53 Yde
RD a V,, - - 0,55 Vde
“Up" Current
(V, = 5Vde, T;=175°C) Sp 1 I, - - 25 nAdc
(v, = 5Vde, T;=175°C) Ry 1 I - - 25 uAde
"Down" Current
V=0 Sp 0 I - - -2.3 mAdc
v, =0 Ry 0 I - - -2.3 mAdc
CLOCKED SET-RESET INPUTS
“"Down' Current
(Vg' 10-0, TJ-ZS C) Sc 0 I9 - - =1.75 mAdc
(Va, 10 = 0 Ty =25 C) R 0 I - - -1.75 mAdc
Effective Clock Input o - 75 S pt
Capacitance
SWITCHING TIME
Clocked Set-Reset Mode !
Turn=On Delay t o - - 100 nsec
Turn-Off Delay 20“ - - 5 nsec
Direct Set-Reset Mode
Turn=On Delay . "on - - 100 nsec
Turn-Oif Delay toit - - 75 nsec
POWER CONSUMPTION - 16 - mw
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= Motorola Integrated Circuils mm————

MC250 DTL SERIES

mc262

Dual (3-3) Input Diode Transistor Logic NAND/NOR
Gate.

MAXIMUM RATINGS (7 = 25°C unless 6iherwlse neted)

Characteristic Symbol Rating Unit
Applied Voltage Vde
Vs thru 8 +8
Vz' 10 +6
Forward Current % mAdc
= 12 +30
,10
’z thru 5, R
7 thru 10
Operating Temperature Range TJ 0 to +75 Lt o
Storage Temperature Range T stg -65 to +175 e
Mc262
6 | {1
S 2
4
T e——
1
3-3 NAND/NOR GATE
6
A3
B4

C5

Y
Y

D7

E8

G=ABC

H=DEF
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MC262 (continued)

ZILECTRICAL CHARACTERISTICS (continued)

Motorola Integrated Circuits =———

Characteristic Symbol Minimum | Typical Maximum Unit
Output Capacitance ot
(\lz = 2.0Vdc, V; = 0, Vm =25mVrms, C2 - - 10
{ = Imc, unused pins grounded)
(Vm =2,0Vdc, Vo=0,V, = 25mVrms, Cio - - 10
{ = lme, unused pins grounded)
Input Capacitance ol
(Vg =2Vde, V= 25mVrms, [ = 1mc, Cy - - 10
unused pins grounded)
(Vq = 2Vdc, Vs = 25mVrms, [ = 1mc, C‘ - - 10
unused pins grounded)
(\:'5 = 2Vdc, V.m =25mVrms, [ = lmc, C5 - - 10
unused pins grounded)
(V7 - 2Vdc, Vin =25mVrms, { = lmc, C., - - 10
unused pins grounded)
(Ve =2Vde, V= 25mVrms, { = lmc, Cq - - 10
unused pins grounded)
(V9 = 2Vdc, Vm =25mVrms, [ = imc, C° - - 10
Power Consumption from Power Supply . mw
(Gutput oI, Vﬂ s V., 2 () . - 19
(Output "On") - = 12
Switching Times nsec
Turn-On Delay ton - - 60
Turn=Oif Delay ‘oﬂ - - 60
Average Propagation Delay Lt - 30 - nsec

I B
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MC262 (continued)

Motorola Integrated Circuits

ELECTRICAL CHARACTERISTICS
(Ve = 4 Vdc, Vs = 2 Vdc, Vi = 0, Ts = 25°C unless otherwise noted)

Characteristic Symbol Winimum | Typical | Maximum Unit
Output Breakdown Voltage Vdc
(I, = SuAde, V= 0) BV, 6 - -
{1, ;= SuAde, V, = 0) BV, 6 - -
1" Output Current Adc
(\l3 = 1,0Vdc, V2 = 5Vdc) 12 - - 50
(V, = 0.75Vde, V, = 5Vde, L - - 50
Ty= 7 c)
(V4 = 1.1Vde, V, = 5Vdc, L - - 50
TJ =0°C)
(V7 = 1,0Vde, VlO = 5Vdc) 110 - - 50
| (V5 0.75Vde, V= SVde, 7 - - 50
i TJ = 75°C)
| (V= 1.1Vde, Vo = 5Vde, Lo - - 50
i TJ =0°Q)
"0" Qutput Current mAdc
(Vln = 2Vdc, Vy= 0.55, Iz 10 - -
TJ =0 to 75°C)
(Vy, = 2Vde, V= 0.55, Lo 10 - -
TJ =010 75°C)
Input Breakdown Voltage Vde
(13 = 10uAde, V‘ =0) BVa 8 - -
(I4 = 10uAde, Vg = 0) BV4 8 - -
(15 = 10uAde, Vg = 0) BVS 8 - -
(I; = 10uAde, Vg = 0) BV, 8 - -
(g = 10uAde, V, =0) BV, .8 - -
(X9 = 10pAdc, V7 =0) BV9 8 - -
Input Leakage Current 13 14 15 uAde
’ x ’ x ’
I7,%,%
(Diode under test at 5Vdc, all - - 0.50
other inputs = 0)
(Diode under test at 5Vdc, all - - 25
other inputs = 0, TJ = 75°C)
Input Turn=-Off Current ) O (R ¢ mAdc
3,45,
I, %,%
(Alternately Valv"VS.V7'V8' - - 2.3,
Vg=0) i
(Alternately Va' V" Vs'V,l’ VB, - - 2.5
V9 =0, T_;' 0to 75°C)
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Motorola Integrated Circuits

mc267 MC250 DTL SERIES e

Diode Transistor Logic Dual-Diode Array.

MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Rating Unit
Applied Voltage Vdc
Vzl 3, 8
7 thru 10
Forward Current 12 thru § 30 mAdc
7 thru 10
Operating Temperature Range 'l‘J 0 to +75 o)
Storage Temperature Range 'l"‘.8 65 to +175 L e
MC267
T— | pm——
! 5 4

8 ] HE —_—

Y — 3 —

1
|||-__—

DUAL DIODE ARRAY

QOw
o=
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Motorola Integrated Circuits

MC267 (continued)

ELECTRICAL CHARACTERISTICS (Ts= 26°C unlens 6thérwise notad)

Characteristic Symbol Minimum |  Typical Maximum Unit
Diode Breakdown Voltage Vde
{3 3,10 =10#Ade, V =V, =0) V3,3,10 8 . @
(X,,' 8,9" 104Ade, Vo=V, = 0) VT,B, 0 8 - -
Diode Forward Voltage + Vde
(l‘ = 2mAdc, Vz,a, 10 -V1 = 0) V‘ - - 0.85
(Ig = 2mAde, Vy g o=V, =0) Ve - - 0.85 i
Diode Reverse Leakage Current #Ade
V3,3,10 = 5Vde, Vo=V, =0) L,3,10 - - 0.50
V3,3,10= 5Vde, V=V, =0, 25
TJ =75 C) i
V7 g, g = 5Vde, Vgm V= 0) b 8,0 - - 0,50
(Vy g g = 5Vde, Vo=V, =0, -
TJ =175°C)
Input Capacitance pl
Vg i3, 107/ VEE; Vs Vgm0, €3,3,10 = = 10
f=1me, Vin =25mVrms,
unused inputs grounded) :
(v."a's-szc, V5-V1-0, C7,3,9 - - 10
f=1me, Vm =25mVrms,
unused inputs grounded)
Reverse Recovery Time nsec
(Ip2,3,10 = T2, 3, 10 = 2mAde, ter2, 3,10 = - #
V‘ - V1 = 0, Recover to 0.2mAdc)
(Ipq,8,9 = Ir7, 8,9 = 2mAde trr7,8,9 - @ 4
VS =V, =0, recover to 0.2mAdc)
Diode Forward Conductance Change 4V 310 - 1.7 - mv/C
L}
with Temperature AV F1,8,9 - =17 -
ST IR,
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APPENDIX II
SCHEMATIC OF THE POWER SUPPLY
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APPENDIX III
DESCRIPTION OF THE SYMBOLS USED FOR BOOLEAN OPERATIONS

Positive logic is used., Thus a 1 represents +5,6
volts and a 0 represents zero-volts. The Boolean AND
and OR operations are represented, respectively, by a
"." and "+", The Boolean complement of a variasble is

represented by a bar over the variable,

Thus, RT = AT

means Rp 1s the complement of Anm.

The block diagram shown below represents a NAND

gate,
: 4 0=T
The block diagram shown below represents a flip-
Ti0ps
g Se l Sp
. -—&-Q
(. i e i i
w ik



The definitions of the symbols are the following:
(1) Sg is the a-c., set input,
(2) R 1s the a-c. reset input,
(3) Sy 1s the d-c, set input.
(4) Ry is the d-c. reset input.
(5) C is- the clock input.
(6) Q is the output.

(7) Q@ is the complement of the output.

The truth tables for a flip-flop are shown below.

Clocked Set - Reset Direct Set - Reset

Sc Rc Q Sp Rp Q

0 0 - 0 0

0 i 1 0 1 1

i i 0 0 | 0 0
No No

1 1 Change - 1 Change

3% Both Q and § are in state 1 until
either SD or RD rises,



9.

10.
11,
12,
13.
1.

APPENDIX IV
DEFINITIONS OF THE BOOLEAN VARIABLES

AT is the output of a power NAND gate that controls
the accept lamp,

B is the logic putput for the brake.

C i1s the logic output for the clutch,

Ci is the output of the i-th individual comparison
clrcult,

f is the feedback variable in the control logic,

G is the output of a power NAND gate that controls
the reset lamp,

J 1s the reed relay coll controlled by the pilot
light contact of the master timer,

j is the normally-open contact of the reed relay
coll J.

K is the reed relay coil controlled by the pilot
light contact of the test timer,

k 1s the normally-open contact of reed relay coil K,
M is the logic output for the motor., |

Mi is the i-th circuit in the master timer,

MT is the pilot light contact of the master timer,

P is the relay which controls the power to the logic.
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15,
16.
g 8
18.

9
20,
21,
22
23.

25
26,
27.

28,

Py is the normally-open contact of P.

p, 1s the normally-open contact of P,

p3 is the normally-open contact of P,

Qs 1is the output of the flip-flop in the i-th
individual comparison circuit,

R is the relay used to reset the logic,

r. Is a normally-open contact of R,
r, is a normally-open contact of R,

r

:
2
3 is a normally-open contact of R,

RT is the output of an inverter that controls a
reject lamp.,

S is the output of a flip-flop that is controlled
by the start button,

T, is the i-th circuit of the test timer.

3
TT is the pilot light contact of the test timer,
Y is the output of a power NAND gate that prevents
the motor, brake, and clutch from beihg on at the
same time,

y! is the normally-closed contact of a reed relay

in the collector circuit of a power NAND gate,

whose output is Y,
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APPENDIX V
HAYDON ELECTROMAGNETIC BRAKES AND CLUTCHES
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ELECTROMAGNETIC CLUTCHES AND BRAKES

UNIQUE ADVANTAGES

e The magnetic coupling takes place in milliseconds . . no
mechanical lag, no clearances to take up

e Torque is apphied smoothly . gear tram backlash or belt
windup iy absorbed by the gradual torque build-up.

e Torque can be adjusted clectrically nfinite control
allows stepless control of engagement speed.

e Engaging faces of units are completely self-adjusting —

In any given series there are three basic types...
CLUTCH-COUPLING * CLUTCH - BRAKE

The clutchi-coupling and the clutch consist of three basic
clements; the field, the rotor and the armature. The licld
and its conl are held stationary. The rotor is normally diven
by a4 prime mover such as an electrie motor and the arma-
ture iy attached to the load. When the ficld conl s energized,
a flux path s set up and the armature s magnetically at-
tracted to the rotor. Through trchion, the armature and the
Toad (o which 1t s connected will Toek i at the same speed
as the rotor, as long as the ticld conl is energized. When the
field coil s de-energized. the armature disengages, no torque
is transnutted, and the armature and load come o rest.

The brake consnts of twe basic elements the feld and
the wrmatnre. The fichd and s coil are held stationans . The
armature and the load are driven by a prime mover such as
an clectne motor. When the field coil s energized, o flus

" path s set up and the armature and the load to which it is
connected will be brought to rest o sutheient excitation s
applicd. The prime mover s normally disconnected or de-
energizéd when the ficld coil s encrgized When the tiekd
corl s de-encrgized, the armature disengages from the held,
no torgue s transmitted, and the load and prime mover are
again indepenaent of the brake.

Fricton material used has been carctully selected for
stable operation and for s ability to withstand the most
severe appheation. Do not allow o1l gr grease to contami-
nate the friction surfaces. - &

no wear take-up or mechanical torque adjustments nec-
CAsary.

o Magnetic clutch s a model of simplicity  only o few
compact parts - no bands, hinks or ¢cams (o wear out or
break.

® Power requirements are low the Havdon 25 Series
units, capable of couphng w T HP drive at 3000 RPM,
utihze only 7 Watts 90 Volis DC

TER
.F’:-REAMNE‘L COIL ROTOR ARMATURE
%

MT'G BOLT /
~ FRI
EﬁV__j = - ¢ CTION

MATERIAL
FLUX PATH

TR \V/

CLUTCH AND CLUTCH COUPLING FLUX PATH
(CLUTCH COUPLING TYPE SHOWN)

EXTERNAL
-4 FRAME con

MG BOLT " FRICTION
br = MATERIAL

~FLUX PATH

ARMATURE

SPLINED HUB

BRAKE FLUX PATH

HAYDON
CLUTCHES and BRAKES

Haydon manufactures clutches, clutch couplings and
brakes in both flange and bearing mounted types. Presently
three sizes are avaslable: Scries OX) with approximately
08757 diameter frictional elements and a static torque rat-
ing of 2 1b.in Senes 17, with approvimately 1.7287 diameter
frictional elements and i static torque rating ot 12 b, in:
and Scries 25, with approximately 2,647 diameter trictional

71

clements and 70 0. in. static torque tating

Fhe 17 and 25 Senes are avanlable i all standarnd ivpes
both flange and bearmg mounted. exeept brakes. which are
Hange mounted only, The ON Series s avadable as standand
i all ty pes, lange mounted only . Bearing mounted O8 Series
are avatlable on special order. Anti-backhLish armatures on
Series O and return spring armatures on Seres 17 8 28 aie
avilable on special order



OUTSTANDING FEATURES

New design, new manufacturing methods®, and new
magnetic eireuits enable Havdon to offer a better clutch
at substantially lower prices.

Friction faces extend to the maximum diameter of the
units, providing 257 greater friction arca and a corres-
pondingly longer life than conventional units.

Rotor surrounds the field coil to provide high flux mag-

netic coupling. lower unit force and stable operation.

e Haydon clutches and brakes have the highest torque to

size ratings in the industry, with adequate safety factors.

e Improved magnetic circuit provides low residual torque

and fast torque build-up and decay times.

e New construction allows larger bore sizes to be used.

* patents applied for

STANDARD TYPES

There are basically three types of units . . .

b Cluteh Coupling — Used to couple two in-hne shatts. The
rotor as attached 10 one shatt and the armuature to the
other.

2. Chach Used 1o couple two parallel shatts. The rotor

and the armature are mounted on the same shatt. The
armature is bearing mounted on the shatt and s tree o
rotate independent of it A kauarled extension or extended
hub with keyvway s provided on the hub allowing the

. Bruke

press fit of a gear or pulley to it for driving over to the
parallel shaft.

Used to stop or hold the armature and load o
which it is attached. The armature is attached to a shaft
which 1s connected to the load. The standard brake unit
is turmished for in-line connection similar to the clutch-
coupling unit.
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CLUTCH COUPLING A BRAKE
(FLANGE MOUNTING TYPE SHOWN) CLUTCH (FLANGE MOUNTING TYPE SHOWN)
(FLANGE MOUNTING TYPE SHOWN)

Mounting is of two types... CHTmAL M o moton o cou  motom
.
S '
FLANGE or BEARING - i G777 | s e
Flange mounting 1s utilized to mount the stationary ficld - &
assembly on a fined frame. The ficld s mechamically isolated L )
from the driving members and shafts. In bearning mounting. art @ ; HocHs o2
the field s supported by a sleeve bearing between the field . ‘\‘L., =
and rotor. A pin tab on the field is used to hold it loosely in ] _m_
position to a tixed frame, thereby restraining it from rotat- Aol
ing with the driving members. FLANGE MOUNTING SEARING MOUNTING
(CLUTCH COUPLING TYPE SHOWNI | (CLUTCH COUPLING TYPE SHOWNI
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APPLICATION DATA

Always place the clutch, clutch-coupling or brake on the
hixhest speed shaft practical. The torque required is inver-
sely proportional to the speed, as shown in the formula for
torque capacity. Therefore, the higher the speed of the shaft,
the smaller the size of the clutch or brake required. The
actual location of the clutch, clutch-couphing or brake will
normally be dictated by space or shaft size mitations.

The torque requirement of a given size clutch or clutch-
coupling is dependent on whether the torque is required
during or after acceleration. The torque capacity of the
clutch or clutch-coupling when the load is applied during
acceleration is taken as the torque available at the maximum
slip speed at which the load is operated.

The torque capacity of the clutch or clutch-coupling when
the load is applied after acceleration is taken as the static
torque rating of the unit. When in doubt, sclect the clutch
or clutch-coupling unit size based on maximum torgue re-
quirement during acceleration.

The torque requirement of a given size brake is based on
load application after acceleration — the static torque rating
of the unit. This will provide a braking time at least equiva-

lent to the time required for a similar-sized clutch to accele-
rate the same load. For very rapid and accurate stopping
times inertia and time constants of the system become im-
portant. Such applications should be referred to the Factory,

The following formula and tables may be used to deter-
mine the size of the clutch, clutch-coupling or brake unit
required for the majority of standard applications. However,
for special applications involving such considerations as high
inertia loads. heavy duty eveles, rapid acceleration or stop-
ping consult a Haydon Sales Representative or the Factory,

The formula shown below may be used for standard
clutch, clutch-coupling and brake applications.

HP x 5250 x K .
T _T— where T — Torque copocity required — (Ib. f1)
HP == Horsepower driving
N == Maximum speed of clutch or
brake — (rpm)
K = Service foctor — 2

The torque capacity of the clutch, clutch-coupling or
brake sclected must exceed 17, denved trom the formula
above. This torque is based on the rated coil current.

~ w
s 3 0 TYPICAL TORQUE VS PICKUP SLIP SPEED
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~ '5) 20 j100
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Series 08 : Series 17 : Series 25 :]

SELECTION CHART FOR CLUTCHES AND CLUTCH COUPLINGS.
Load is applied before clutch is energized. Service Factor: 2

TORQUE AT VARIOUS HORSEPOWERS — LB. INS.

~ .; ; . " “ . ' . . ' : : 1 1, 2
100 315 630 126 315 420 525 630 788 105 158 210 315 473 630 945 1260
200 158 3.5 630 158 210 263 315 394 525 788 105 158 237 315 473 430
00 105 210 420 105 140 175 210 263 350 525 700 105 158 210 31§ 420
400 J9 00158 315 7.88 105 131 158 197 263 394 525 788 118 158 237 3§
- 500 .63 1.2 252 630 840 105 126 158 210 315 420 630 945 126 189 252
5 600 .53 0 1.05 210 525 700 875 105 131 175 263 350 522 788 105 158 210
o 700 45 90 180 450 600 75 900 1.3 150 225 300 450 7.5 900 135 180
; 800 .39 79 158 394 525 657 788 9.85 131 197 263 394 9.1 788 118 158
= 900 35 J0 140 350 467 583 700 875 17 175 234 350 525 700 105 140
S 1000 . 32 .63 126 315 420 525 630 788 105 158 210 315 473 630 945 126
: 1100 29 57 LIS 286 382 477 573 706 955 143 190 286 429 573 859 S
< 1200 26 .53 105 263 350 438 525 656 875 131 175 263 394 525 788 105
e 1500 .2 42 84 210 280 350 420 525 700 105 140 210 315 420 630 840
& 1800 08 .38 JOTv7s 234 292 350 438 583 875 117 7S5 263 350 525 700
- 2000 Jé 32 43 158 210 2463 315 394 525 7.88 105 158 237 315 43 430
5 2400 .3 26 B30 075 219 263 328 437 656 875 131 197 263 394 S2S
S o300 .0 20 42 0105 140 175 210 263 350 525 7.00 105 158 210 315 420
3600 09 a8 35 88 107 146 115 219 292 438 583 875 131 175 263 350
4000 08 6 3279 105 131 158 197 263 394 525 788 118 158 237 315
4600 07 4 2 69 N W W an 228 342 457 685 103 137 206 274
5000 06 .13 25 63 84 105 126 158 210 305 420 630 945 126 189 252
A UNIT SELECTION BASED UPON PICKUP TORQUE SPEED DIFFERENCES
CASE 1 Load is applied during acceleration. Rating is based on torque available at the pickup slip
speed, which is the difference in speed between the rotor and the armature.
SELECTION CHART FOR CLUTCHES, CLUTCH COUPLINGS AND BRAKES.
Load is applied after clutch has attained full speed. Service Factor: 2
TORQUE AT VARIOUS HORSEPOWERS — LB. INS
~ - % S W " » ‘ : . ) ) ! T, 2
100 315 630 126 315 420 525 630 788 105 158 210 315 473 630 945 1260
. 200 158 315 630 158 210 263 315 394 525 788 105 158 237 35 473 630
= 300 "VO0ST 210 420 105 140 175. 210 263 350 525 700 105 158 210 31§ 420
o 400 | 79! 158 315 788 105 131 158 197 263 394 525 788 118 158 2% 315
S 500 .63 126 252 630 840 105 126 158 210 315 420 630 945 126 189 252
& 600 .53 "TOSTY 210 525 700 875 105 130 175 263 350 525 788 105 158 210
= 700 .45 90 180 450 600 750 9.00 113 150 225 300 450 4675 900 135 180
: 800 A9 790 158 394 525 657 788 985 131 197 263 394 590 788 118 158
© 90 .35 J0 1 140 350 467 583 700 875 117 175 234 350 525 700 10§ 140
S 1000 .32 63 126 315 420 525 4300 7.88 105 158 210 315 473 630 945 126
5 100 .29 577 115 286 382 477 513 716 955 143 190 286 429 513 859 15
o 1200 .2 S3T105) 263 350 438 525 656 875 131 175 263 394 525 788 10§
= 1500 .2 42 B41 200 280 350 420 525 700 105 140 210 315 420 430 840
o 1800 8 35 JOU LIS 234 292 350 438 583 875 N7 W75 263 350 525 700
2000 16 32 430 158 210 243 315 394 525 7.88 105 158 237 315 473 630
S2400 ;03 26 S30 131 175 219 263 328 437 656 875 131 197 263 394 525
& 3000 By 21 42 TT05T 140 175 210 263 350 525 0700 105 158 210 315 420
g 3600 ¢« .09 Js 35 B3 107 146 175 219 292 438 S83 875 131 125 263 350
4000 - 08 .16 32 J9 TI05TT 131 158 e 263 394 525 788 N8 158 237 38
4500 .07 4 27 69 I 37 228 342 457 685 103 137 206 274
5000 ; .06 a3 25 63 B4 105 126 158 210 315 420 630 945 126 189 252

CASE 2 Load is applied after clutch or brake unit is up to speed. Rating is based on the unit's static
torque, at zero slip speed. All standard brake ratings fall into this classification.
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MOUNTING AND INSTALLATION DIMENSIONS ©
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ENGINEERING DRAWINGS

FIGURE 2

FIGURE 4

FIGURE 3

FJ25. FL25 HUB DETAIL
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FIGURE 5

FIGURE 8
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SPECIFICATIONS

CLUTCH COUPLING SERIES 08 SERIES 17 SERIES 25
Flange Mid. FHO8 FH17 FH25
Bearing Mtd. L FG17 FG25

CLUTCH
Flange Mtd. FLO8 FL17 FL25
Bearing Mtd. . N7z FJ25

BRAKE
Flange Mtd. FS08 FS17 FS25
*Availoble on

special order

RATEC SIATE 2 lb. in.* 12 Ib. in. 70 Ib. in,
Torque

INERTIA (Ib. in.n
Clutch Coupling
Armature & Hub 0.0009 0.032 0.26
Clutch Armature
Eshioh 0.0014 0.032 0.28
Brake Armature
Getioh 2 0.26
Clutch Coupling & Clutch ;1010907 0.03
'é‘l’""'h‘?""';.“ "':"C‘;":"h 0.0019 0.066 0.39

utch Coupling utc 0.37
Rotor (flange mtd. unit) 0.0019 0.063

TIME CONSTANT with Haydon

FC control (one unit only)

Build-up 3 7 25
illi ds)
Decay } (milliseconds 2 5 50

STANDARD COIL
VOLTAGES

6,12,24/28 or 90 VDC

Others available on

special order

RATED COIL CURRENT

& RESISTANCE (20°C) Amps. | Ohms Amps. | Ohms Amps. | Ohms
24 /28V Coil 0.120| 236 0.210| 133 0.254 | 110
90V Coil | 0.040 ) 2220 0.063 | 1420 0.078 | 1149

POWER CONSUMPTION
(Nominal) 3.6 Warns 5.7 Watts 7.0 Watts

WEIGHT
FH 1.2 oz, 0.50 lb. 1.72 Ib.
FL 1.3 oz. 0.51 lb. 1.82 Ib.
FS 1.1 oz, 0.40 lb. 1.30 Ib.
FG - 0.50 Ib. 1.70 Ib.
3] - 0.51 Ib. 1.80 Ib.

INDUCTANCE (H)
28V Coil 7 1.0 2.7
90V Coil 6.8 n 28

*%" Bore 08 Series Brake—1.5 Ib. in. |, g. & mag. shafting); %" Bore 08 Series Clutch & Clutch Coupling—

1.5 Ib. in. (non-mag. shafting), 2.0 Ib. in.(magnetic shafting); All other 08 units—2.0 Ib. in.static torque rating.
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APPENDIX VI
PARTS LIST OF THE AUTOMATIC TESTER
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MATERIAL LIST

Integrated Circuits

Motorola
Motorola
Motorola
Motorola

Motorola

MC254G
MC258G
MC259G
MC262G
MC267G

Semiconductors

RCA 2N1;90 Transistors

RCA 2N1302 Transistors

G.E, 2N1671B Unijunction Transistors

G.E, 2N26l7 Unijunction Transistors

Sylvania
Sylvania
Motorola
Motorola
Motorola
Motorola

Motorola

1INL5T7A Diodes

1N90 Diodes

1N 003 Diodes

1IN3997A Zener Diodes

1N3998 Zener Diode

1N4719 Rectifiers

MCR230506 Silicon-Controlled Rectifiers

Capacitors

Sprague 13000 «f. 25 WVDC Capacitors
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Capacitors

2,700 uf., 25 WVDC Sprague Capacitors
1Qﬁf., 20 WVDC Kemet Capacitors
Kemet Series "C" 33 uf.

Kemet Series "C" BOO/uf.

.15 uf., 20 WVDC Sprague Capacitors
luf.,, 20 WWDC Sprague Capacitors
.47/uf., 20 WVDC Sprague Capacitors
u/uf., 200 WVDC Sprague Capacitors

Plugs and Sockets

Cinch-Jones S324.CCT
Cinch-Joﬁeé P324AB
Cinch-Jones P32.CCT
Cinch-Jones S32LAB
Cinch-Jones P310AB
Cinch-Jones S310CCT
Amphenol Series 143 (22 pin)
Amphenol Series 143 (18 pin)
Elco Series 5007 (24 pin)
Elco Series 5007 (24 pin)

Printed Circuit Boards

3786 -XWD
3788-XWD
3792-XWD
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Switches
DPDT Toggle Switch M-80728 (On-Off)
Switcheraft "Littel" Push Button Switches

Lights
125-volt Neon Pilot Light

6-volt Sylvania Lamps

Red Profax Lens Caps

Resistors

1,000a., 1/2 Watt

3,300, 1/2 Watt

15K 2, 1/2 Watt

120K ., 1/2 Watt

150 ~, 10 Watts

50, 5 Watts

la, 10 Wafts

S0Ka, Ohmite Potentiometers

Triad Type F83-A Filament Transformer
Triad Type F25-X Filament Transformer
Bud Type CR-1728 Deluxe Cabinet Rack

Bud Type CB-1378 7" Panel-mounting Chassis
Bud Type CB-1372 5-1/4" Psnel-mounting Chassis
Bud Type CB-1375 10-1/2" Panel-mounting Chassis
Potter and Brumfield 3PDT Relay Type KAlLAG
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Resistors

Integrated Circuit Multi-lead pads (10 lead)
SPNO BRSR1-901 Reed Relay
SPNC BRSR1-902 Reed Relay
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