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This invention relates to an inertially based sequence 
programmer and more particularly to an inertially based 
sequence programmer particularly adapted for use on a 
missile. 

In the ñring of certain types of missiles, a need has 
developed for providing arm and tire signals within the 
missile after the missile has been launched. 

In general, it is an object of the present invention to 
provide an inertially based sequence programmer for use 
in generating signals after a missile has been launched. 
Another object of the invention is to provide a pro 

grammer of the above character in which two separate 
channels are provided and in which each channel pro 
duces arm and fire signals. 
Another object of the invention is to provide a pro 

grammer of the above character in which each channel 
provides signals having the same identical function as 
the signals produced in the other channel. 

Another object of the invention is to provide a pro 
grammer of the above character which is maintained in 
a reset condition until the missile is launched. 
Another object of the invention is to provide a pro 

grammer of the above character in which a ramp function 
of voltage is generated commencing at near zero time 
and increasing linearly towards the maximum voltage 
available. 
Another object of the invention is to provide a pro 

grammer of the above character which can operate satis 
factorily on widely varying input voltages. 
Another object of the invention is to provide a pro 

grammer of the above character in which separate accel 
erometers are utilized for generating the arm and lire 
signals. 

Another object of the invention is to provide a pro 
grammer of the above character in which the arrange 
ment is such so as to minimize the possibility of misiiring. 
A further object of the invention is to provide a pro 

grammer of the above character which can operate 
directly off of a battery supply without use of stabilization 
amplifiers, chopper stabilizers, and the like. 
A further object of the invention is to provide a pro 

grammer of the above character in which means is 
provided for simulating acceleration on the programmer 
so that the programmer can be artiiically sequenced with 
out actually accelerating the programmer. 
A still further object of the invention is to provide 

a programmer of the above character in which the linear 
range of the integrators utilized extends over the total 
voltage supplied to the integrators. 
Another object of the invention is to provide a pro 

grammer of the above character in which the arm and 
ñre signals are generated independently within a single 
channel. 

Additional objects and features of the invention will 
appear from the following description in which the pre 
ferred embodiment is set forth in detail in conjunction with 
the accompanying drawings. 

Referring to the drawings: 
FIGURE l is a block diagram of an inertially based 

sequence programmer incorporating my invention. 
FIGURE 2 is a schematic diagram, partially in block 

form, showing one channel of the inertially based se 
quence programmer shown in FIGURE 1. 
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FIGURE 3 is a circuit diagram, partially schematic, 

in one plane of the diagram shown in FIGURE 2. 
In general, my programmer consists of a time base 

integrator which generates a ramp function of voltage. 
Means is provided for generating a first reference voltage 
which represents a predetemined time. A first voltage 
comparator means is connected to this ñrst reference 
means and the time base integrator and produces an 
output when the output voltage of the time base integrator 
exceeds that of the reference voltage. The programmer 
also includes at least one accelerometer with a second 
integrator connected to the output of the accelerometer to 
produce an output which represents velocity. A second 
reference voltage is provided.Y Second comparator means 
is connected to this second reference voltage and the out 
put voltage of the second integrator and produces an 
output when the output voltage of the second integrator 
exceeds the second reference voltage. Switching means 
is connected to the second voltage comparator and is 
adapted to be operated by the output of the second voltage 
comparator. The output of the first voltage comparator 
is connected to the second voltage comparator to prevent 
operation of the second comparator when there is an 
out-put from the lirst comparator. Means is also provided 
for applying an initiate bias to the integrators to maintain 
said integrators in a reset condition While the initiate 
bias is applied thereto. Means is also provided for re 
moving the initiate bias to permit the operation of the 
integrators and to permit the programmer to run through 
its predetermined program. 

In FIGURE l I have shown in block diagram form an 
inertially based sequence programmer incorporating my 
invention. The programmer consists of -two channels, 
identified as channel 1 and channel 2, respectively. Each 
channel operates independently of the other and generates 
Arm 1, Fire 1 and Arm 2 and Fire 2 signals which are 
tied together in such a manner that in the event one of 
-the channels fails to generate one or more of the signals, 
the signals will still be supplied by the other channel. 
The Arm 1 and Fire 1 signals are connected into the 
tiring circuits for the first stage engine or engine No. 1 
of a missile 11, whereas the Arm 2 and Fire 2 signals 
are tied into the tiring circuits for the second stage engine, 
or engine No. 2, of the missile 11. 
Each of the channels of the sequence programmer is 

provided with two input signals. One is an initiate signal 
which starts the computer operating in the channel as 
hereinafter described. The other signal is a physical input 
of acceleration acting upon the accelerometers provided 
in each of the channels. 

Both of -the channels are designed so that they can 
arm and fire both stages of the two-stage missile. It is 
readily apparent that, if desired, and as hereinafter de 
scribed, that missiles having more than two stages can be 
operated with ya similar programmer merely by causing 
each channel to generate additional arm and lire signals 
in the proper sequence. 
One of the channels of the inertially based sequence 

programmer is shown in FIGURE 2. FIGURE 2 is a 
combination block diagram and circuit diagram to facili 
tate the explanation and operation of the channel. It 
will be noted that the circuitry for each channel has been 
divided into two planes with the electronic parts lying in 
an upper plane A and with the relays lying in a lower 
plane B. This has been done to facilitate the explanation 
of the operation of each channel. However, it is to be 
understood that this does not represent the exact posi 
tioning of the components of each channel in a physical 
embodiment of the programmer. 
Each channel, as shown in FIGURE 2, consists of a 

suitable electronic power supply such as 28 volts D.C. 
which is connected to the input electronic power line 16. 
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This power line 16 is connected to conductors 17 and 
18 with conductor 17 supplying the power to the elec 
tronic components and with conductor 18 supplying the 
power to the relays. The power is supplied to a current 
regulator 15 which is connected to ground through three 
Zener regulator diodes 19, 20 and 21 that provide various 
desired voltages such as +12 volts on line 22 and -I-l6 
volts on lines 23 and 24 as required for the operation of 
the electronic apparatus as hereinafter described. 

This channel also includes a time base generating sys 
tem 26 which in operation serves as a time delay unit, 
an arm command generating system 27, and a iire com 
mand generating system 28. The time base generating 
system 26 consists of a time base integrator 31 which in 
cludes a capacitor 32 and a resistor 33. The output of 
the time base integrator 31 is supplied to a voltage com 
parator 34 which can be termed the “T1 second” voltage 
comparator. The reference voltage on line 22 is also 
supplied to the voltage comparator 34 and represents a 
predetermined time. The output of the voltage com 
parator 34 is connected to the winding of relay RE-4 
which is adapted to be operated When the voltage com 
parator 34 produces an output. The output of the time 
base integrator 31 is also connected to an additional volt 
age comparator 36 which can be termed the “T2 second” 
voltage comparator. The reference voltage on line 22 
is also connected to this voltage comparator 36 and 
serves as a reference for an additional predetermined 
time after T1. The output of this voltage comparator 
36 is connected to the Winding of relay RE-S which is 
adapted to be operated by the output of the comparator 
36. The output of the time base integrator 31 is also 
connected to another voltage comparator 37 Which can 
be identified as the “T3 second” voltage comparator. 
The reference line 22 is also connected to this comparator. 
Although line 22 carries the same reference voltage to 
comparators 34, 36 and 37, the different times or time 
delays are obtained by modification of the reference by 
resistive attenuators which are a part of the comparators. 
Although separate comparators have been shown, com 
parators 36 and 37 can be combined into a single device 
utilizing a common amplifier with two sets of comparator 
diodes. The output of comparator 37 is connected to 
the voltage comparator 36 by a conductor 38. 
The arm command generating system 27 consists of an 

accelerometer 41 of the type described in my copending 
application Serial No. 794,487, ñled February 4, 1959, 
now Patent No. 3,074,279, entitled “Position Detecting 
Transducer.” As described in that application, the acceler 
ometer includes a restoring coil 42, a paddle 43, a pick 
oiî coil 44, and an amplifier 46 connected to the pick-off 
coil. A one G bias reference is applied to the terminal 
48. The resistor 49 permits individual adjustment of the 
one G bias. As shown in the drawing, the one G bias 
reference is supplied to one end of the restoring coil 42, 
whereas the other end ofthe restoring coil is connected to 
the output of the amplifier 46. An additional bias can 
be placed on the accelerometer 41 by a switch 50 con 
necting the lower end of the restoring coil 42 to ground 
through a resistor 51 for a purpose hereinafter described. 
The output of the accelerometer 41 is connected 

through a resistor 52 to the input of a velocity integrator 
53 which includes a capacitor 54. The output of the 
velocity integrator 53 is supplied to a voltage comparator 
57 which can be termed the “X feet per second” voltage 
comparator. It is connected to the reference voltage on 
line 23. The output of the voltage comparator 57 is 
connected to ground through the winding of the relay 
RE-l. The upper end of the winding of relay RE-l is 
connected to its contacts 1 by conductor 58 to provide a 
holding circuit as hereinafter described, The output of 
the accelerometer 41 is also connected to the input of 
another voltage comparator 59 which can be termed the 
“ZG” voltage comparator. The reference voltage on 
line 22 is also connected to this voltage comparator. 
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Attenuator means is provided Within comparator 59 t0 
permit calibration of the comparator. The output of 
this voltage comparator 59 is connected to ground through 
the Winding of relay R13-3. The upper end of the Winding 
of relay RE3 is connected to its contacts 1 by a con 
ductor 61. ' 

The fire command generating system 28 consists of an 
accelerometer 62 which is identical to the accelerometer 
41. It also is provided with a one G bias reference and 
a switch 50 facilitating programming of the apparatus 
without actually applying acceleration to the apparatus 
as hereinafter described. - l 

The output of the accelerometer 62 is fed through a re 
sistor 60 to the input of a velocity integrator 63 which in 
cludes a capacitor 64. The output of the velocity inte 
grator 63 is supplied to a voltage comparator 67 which 
can be termed the “X feet per second” voltage compara 
tor. The voltage in line 24 is used as a reference. The 
output of this voltage comparator is connected to ground 
through the winding of relay RE-7. The upper end of 
the winding of relay RE-7 is connected to its contacts 1 
by conductor 68. 
The output of the accelerometer 62 is also connected to 

another voltage comparator 69 which can be entitled the 
“YG” voltage comparator. The voltage on line 22 is 
used as a reference. The output of this voltage compara 
tor is connected to ground through the winding of relay 
RE-6 which is connected to its contacts 1 by conductor 
71. 
The fire command system 28 also includes a time-base 

integrator 72 which includes a capacitor 73. The time 
base integrator is supplied with a voltage from the line 
22 through a resistor 76. The output of this time-base 
integrator or generator 72 is supplied to a voltage com 
parator 77 which can be termed the “TD2” or T4 second 
voltage comparator. The comparator 77 uses as a ref 
erence the voltage on line 22. The output of comparator 
77 is connected to “permit” conductors 81 and 82 which 
are connected to the voltage comparators 59 and 69 in 
the arm and iire command systems 27 and 28. 
The output of the voltage comparator 34 is connected 

to two “inhibit” conductors 83 and 84. These inhibit 
conductors are connected to the voltage comparators S7 
and 67 as shown in the drawing. 
An initiate bias is supplied _on the line V85 and is con 

nected to the time base integrator` 31 through a diode 86 
and a resistor 87. This same initiate bias is connected 
to the velocity integrators 53 and 63 through diodes 88 
and resistors 89. The initiate bias can be in any suit 
able forrn such as 28 volts D.C. which is removed at 
the time it is intended to place the circuitry shown in 
FIGURE 2 in operation. 
Each channel also includes a plurality of relays RE-l 

through RE-10 as shown on the drawing, each of which 
is provided with a plurality of contacts for purposes here 
inafter described. 

Operation of one channel of the programmer may now 
be briefly described as follows. Let it be assumed that 
the channel is in the reset condition with the initiate bias 
applied to the line 85. Then let it be assumed that it is 
desired to place the programmer in operation and iire 
the missile. The initiate bias is removed in any suitable 
manner such as by breaking the conductor connecting the 
bias to the conductor 85. 
As soon as the initiate bias is removed, the time-base 

integrator begins generating a ramp function of voltage 
which begins at near-zero and runs up linearly towards 
the maximum range available which, for example, may 
be 20 volts utilizing transistorized circuitry. The signal 
input to the time-base integrator 31 is derived from the 
Zener voltage regulator 21 so that a constant reference 
Voltage is supplied to the analog integrator 31. Since 
the integrator 31 is tied to the reference line 22, the 
grounded input resistor 33 represents a ñxed negative 
input signal causing the integrator 31 to integrate in a 
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positive direction. It is for this reason that the integrator 
generates a slow ramp» voltage that goes from a fraction 
above zero to the full voltage of 20 volts. 
Although the time-base integrator has only been shown 

in block form, it is of a transistorized type which is Well 
known to those skilled in the art. In general, the opera 
tion is such that when the initiate bias is applied to the 
integrator, a heavy current is ñowing in the diode S6 
and resistor 87, and the amplifier 31 is saturated in the 
negative direction. The amplifier is held to close to zero 
voltage as determined only by the saturation voltage of 
the output transistor of the amplifier. The integrator 
remains in this reset condition so long as the initiate bias 
is applied to the same. As soon as the initiate bias is 
removed, a constant current is pulled away from the 
integrator and the output of the integrator must go up 
on a constant slow ramp in order to supply the current 
being drained away. The diode 86 in series with the 
initiate bias line prevents spurious current ñow in the 
initiate bias line. 
As explained above, the time-base integrator generates 

a ramp function of voltage beginning from near-zero and 
running up linearly towards the maximum voltage avail 
able. The time-base integrator runs through this ramp 
function of voltage in a period of time which, for exam 
ple, may be three seconds, and for that reason it covers 
a series of voltages which represent particular times after 
time zero (the time when the initiate bias is removed). 
As pointed out above, the output of the time-base in 

tegrator is supplied to voltage comparators 34, 36, 
37, and 77 which represent T1 seconds, T2 seconds, T3 
seconds, and T4 seconds, respectively. The parameters 
of the voltage comparators are set so that the reference 
voltage connected to each represents a particular time 
after time zero. As the voltage generated by the time 
base integrator passes through the reference voltages for 
the respective voltage comparators, the relays RIE-4 and 
RE-S are operated. For example, if the time T1 is in 
the order of one second, the comparator will be adjusted 
so that the reference voltage represents approximately 
one-third of the total ramp voltage so that the ramp volt 
age will pass through the reference voltage at the desired 
time. This time is appropriate for the generation of 
the first arm signal as hereinafter described. The time 
T2 is also set in a similar manner so it is appropriate 
for the generation of the first fire signal as hereinafter 
described. 
The voltage comparator 37 is set so that it causes de 

energization of the relay RE-S, connected to the voltage 
comparator 36, at a predetermined time. This third volt 
age comparator 37, therefore, acts as a time delay and 
serves to open relay RE-S to prevent the continuous ap 
plication of a fire signal to the missile in the event the 
missile is malfunctioning and failed to properly ignite. 
Now let it be assumed that the missile has been launched 

by means other than its own power~ and that at the same 
time the initiate bias has been removed from the line 
85. This launching of the missile will cause acceleration 
forces to be applied to the accelerometers 41 and 62. As 
explained previously, the accelerometers have a one G 
bias applied to them so that the output acceleration sig 
nal of the accelerometers represents the actual accelera 
tion of the vehicle or missile with vrespect to earth, or 
in other words, inertial acceleration independent of the 
eiïect of earth’s gravity. This acceleration is generated 
independent of any information from the kearth and, 
therefore, represents the actual acceleration of .the missile 
and makes the missile independent of the launching sta 
tion immediately after launching. In the fire command 
system, this acceleration is supplied through a resistor 52 
to the input of a velocity integrator 53 which, on its out 
put, gives a signal which represents the inertial velocity 
of the vehicle or missile with respect to earth. The same 
is true with respect to the output of the velocity integrator 
63 in the fire command system 23. The voltage com 
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6 
parators 57 and 67 are adjusted so vthat the reference 
voltages represent the minimum acceptable velocity which 
must be attained by the vehicle or missile before certain 
operations can take place. If these velocities are not 
met, the launching has not been successful. 

These velocities which have been preset into the volt 
age comparators 57 and 67 must be met within a prede 
termined interval of time which is represented by the 
time interval preset into the voltage comparator 34. I_f 
these velocities are not met within this predetermined 
interval of time, the voltage comparators 57 and 67 are 
locked out by a signal applied to the inhibit conductors 
83 and 84 connected to the voltage comparators 57 and 
67. If this occurs, the relays RE-l and RIE-7 cannot 
be energized by the comparators. 

It should be noted that the initiate bias is also utilized 
for resetting the velocity integrators 53 and 63 to maintain 
them at zero or substantially at zero to represent a start 
ing point of zero velocity of the missile or vehicle with 
respect to the earth. At time zero, the Velocity integrators 
53 and 63 will, therefore, start at near-zero and integrate 
upwardly according to the velocity reached by the vehicle 
and, therefore, will have an output which represents the 
velocity of the vehicle with respect to earth and will at a 
certain time give a voltage which determines whether or 
not the vehicle has reached a velocity suitable for a mini 
mum acceptable launch condition. 
Now let it be assumed that the minimum acceptable 

velocity has been exceeded by the vehicle. When this is 
the case, the Voltage comparator 57 will cause operation 
of the relay RE-l before the time T1 represented by the 
voltage comparator 34. Operation of relay RE~1 causes 
closing of its normally open sets of contacts 1 and 2. 
Set 1 of the contacts establishes a holding circuit for 
relay RE-l. Set 2 of the contacts of relay RE-l estab 
lishes a circuit to both sets 1 and 2 of relay RIE-4. Thus, 
relay RE-l will remain in an energized condition so that 
when the time T1 represented by the voltage comparator 
34 arrives to cause energization of the relay RE-4, an arm 
signal or arm command is generated. Energization of 
relay RE-4 closes both of its sets of normally open con 
tacts 1 and 2 to establish a path for current flow from the 
conductor 18, through both sets of contacts of relay REI-4, 
through set 2 of the contacts' of relay RE-1, through the 
coil of relay RIE-2 to ground. Energization of relay RE-Z 
establishes a circuit through its contacts 2 from the load 
power supply connected to the line 91 and to the arm 
command conductor 92 which is connected to the firing 
circuits of the missile. 
From the foregoing, it can be seen that an arm com 

mand signal is generated only if the vehicle has achieved 
the correct velocity before time T1 and that the arm com 
mand signal is then generated only at the time T1. If the 
vehicle has not achieved the correct velocity before T1 
time, as pointed out previously, the relay RE-l will not be 
energized, and hence the subsequent operation of relay 
RE-4 cannot cause the generation of an arm command 
because the relays R-E-l and RE-4 are in series. This is 
the correct decision for the circuitry because if the vehicle 
has not achieved the proper launch velocity, then the 
missile should not be fired. If the vehicle had achieved 
the proper velocity within the required time but no arm 
command was generated because malfunctioning of the 
circuitry of the arm command generator system 27, then 
the arm command would be supplied by the other operat 
ing channel. 
Now let it be assumed that an arm command has been 

properly generated and applied to the firing circuits for 
the first stage of the missile and that it is now desired to 
generate a ñre command. The fire command is gated 
through relay RE-7 which is energized by the voltage 
comparator 67. Energization of relay RE-'7 closes both 
of its sets of contacts 1 and 2. Set 1 establishes a holding 
circuit for relay RE-7, Whereas set 2 energizes the wind 
ing of power relay RE-S. Energization of relay RE-8 
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causes closing of its contacts 3 which are in series with 
the contacts of relay RE-S. Relay RE-S is not energized 
until the time T2, represented by the voltage comparator 
36, arrives. Upon the energization of relay RE-S, its sets 
of contacts 1 and 2 are closed to apply power to the con 
tacts of relay RE-S and to cause energization of the wind 
ing of relay R13-9 through the contacts 3 of relay RE-S. 
Energization of the relay RE-9 causes generation of a 
fire command signal by permitting the application of load 
power from conductor 91 through the contacts 1 and 2 
of relay RE-S, contacts 3 and 4 of relay R15-9 to the ñre 
command line 93 which is connected to the firing system 
in the first stage of the missile. The ground return for 
the ñre command is supplied to the line 94 which is con 
nected to contacts 1 and 2 of relay RIE-9 and to the load 
power return line 96. The first stage engine is thus fired 
by the application of a firing signal to the tiring circuits of 
the ñrst stage engine. 
At the time T3 represented by the Voltage comparator 

37, a signal will be generated which will be applied to the 
line 38 and voltage comparator 36 to cause deenergization 
of the relay RE-S. As pointed out previously, this is for 
the purpose of terminating the lire command after a cer 
tain period of time. 1n this way, if by accident the íirst 
stage of the missile does not fire, the fire command will be 
removed after a suitable period of time such as one second. 

It will be noted that at the time relay RIE-9 is energized, 
the winding for relay RIE-10 is energized through a diode 
97. The energization of the firing relay RE9 of the 
other channel will also cause energization of the relay 
12E-10 through the application of a signal to the con 
ductor 98 through a diode 99. The diodes 97 and 99 
serve to prevent the lire signal from an adjacent channel 
from going through and operating both ñre relays simul 
taneously. Therefore, the relay REI-10 will be energized 
when the firing relay of either of the channels is energized. 
Operation of the relay RIE-10 closes its contacts 2 and 
opens its normally closed contacts 1. Its contacts 2 estab 
lish a holding circuit for relay R15-10, whereas contacts 1 
open the circuit across the time base integrator 72 which 
supplies its output to the voltage comparator 77. Thus, 
a time delay signal is generated in both channels regard 
less of which one sends out the tiring signal. 
The comparator 77 is preset so that the reference voltage 

appearing on line 22 represents the time T4. The output 
of the comparator 77 serves to lock out the acceleration 
sensing comparators 59 and 69 until a predetermined 
minimum time such as 60 seconds after time zero as deter 
mined by the time delay represented by comparator 77 
has passed. When this minimum time has passed, the 
voltage comparators 59 and 69 are permitted to operate 
as the predetermined acceleration criteria are met. 
As soon as the voltage comparator 59 is permitted to 

operate, it compares the signal from the accelerometer 46 
with a preset voltage parameter representing a predeter 
mined acceleration “Z” G as supplied by the reference 
voltage on line 22 and determines whether or not the lirst 
stage engine has fired properly. If the acceleration is 
above the “Z” G acceleration, which, for example, may 
be any acceleration above 3G, then the relay RE-3 Will be 
energized by the output of voltage comparator 59. Ener 
gization of the relay RIE-3 causes closing of its contacts, 
sets 1 and 2. Closing of set 1 of its contacts establishes a 
holding circuit for relay R13-3. Closing of set 2 causes a 
second arm command to be sent out on the conductor 101 
to the iiring circuits of the second stage of the missile. 
This circuit is established from the power conductor 91 
through contacts 2 of relay RE-3 to the conductor 101 
to the arm circuit of the firing circuits of the second stage 
engine. 

During the time that this is occurring, the acceleration 
of the missile is being measured by the accelerometer 62 
whose output is being supplied to «the voltage comparator 
69 which also is supplied with a preset voltage 
parameter. This voltage parameter is preset so that an 
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attenuated reference voltage from line 22 represents “Y” 
G acceleration which, for example, may be 1G. A signal 
is generated by the comparator 69 when the voltage from 
the accelerometer 62 drops below the voltage parameter. 
This indicates that the first stage engine is burning out. 
When this occurs, the relay RE«6 is energized to close its 
contacts 1 and 2. Its contacts 1 establish a holding cir 
cuit for relay 11E-6, whereas closing of its contacts 2 sends 
out the second tire command to the firing circuits for 
engine No. 2. Thus, the engine No. 2 of the missile, or 
the second stage engine of the missile, will be tired. The 
first stage will then be separated from Ithe second stage and 
the programmer will be dropped from the missile with the 
ñrst stage since it has completed all of its functions. 

Relay RE-4 is not provided with holding contacts be 
cause the time base generated by the integrator 31 pre 
ceding the voltage comparator 34 runs through the switch 
ing point of the T1 second comparator 34 yand right on 
up to saturation which is at the plus Voltage or very near 
the maximum plus voltage available from Ithe regulator 18. 
For that reason, relay R13-4 will be held in energized con 
dition for 4all of the time until the integrator is reset. No 
holding contacts are provided on relay RE-S because it is 
provided with means so that it will drop out after Ithe time 
provided by lthe T3 Voltage comparator 37. 

Although holding or latching contacts are not absolute 
ly required on the relays RED-3 and R13-6, it is desirable to 
provide such contacts to prevent possible chattering of the 
contacts. Chattering could result from variations in ac 
celenation which could cause comparators 59 and 69 to 
go back and forth through «their switching points. 

In certain other relays such as the power relays, RE-S 
and RE-9, two sets are often provided in parallel for 
maximum reliability .and to ensure complete contact clo 
sure. In relay REL-9 both the lire command line and the 
ground return line are opened so that any voltage that 
may appear on the tiring line cannot accidentally cause 
firing of the first stage engine of the missile. 
The switches 50 in the arm and fire command systems 

27 and 28 have been provided to make it possible to simu 
late acceleration for the programmer so »that the program 
mer can be artificially sequenced without physically accel 
erating the programmer. The resistance 51 lla-s been 
chosen with a Value so that a suitable acceleration such 
.as an acceleration of 4G is applied to the accelerometers. 
When this switoh 5t) is closed and the initiate bias is re 
moved, the programmer will operate as though the missile 
is accelerating at the rate of 4G and will permit the pro 
grammer to cycle through its complete program. It is 
readily apparent that this switch is useful for testing the 
programmer before it is used in an .actual missile tiring. 

It is apparent from the foregoing that I have provided 
an inertially based sequence programmer which has ex 
treme reliability and which can operate satisfactorily over 
a widely varying input voltage. In fact, it can be oper 
ated directly from a battery supply without stabilization. 

I claim: 
1. In a programmer, time relay means for generating 

outputs at ñrst and second interval-s of time, arm com 
mand signal generating means for generating at least one 
arm command signal, ñre command generating means for 
generating at least one tire command signal, means con 
necting said time delay means to said arm command gen 
erating means and lsaid lire command generating means 
whereby said time delay means serves to prevent the gen 
eration of a first arm command signal prior to the genera 
tion of the first output signal from the time delay means 
and to prevent the generation of a ñrst lire command sig 
nal prior to the generation of the second output 4from the 
time -delay means. 

2. A programmer as in claim 1 wherein said 'arm com 
mand generating means includes comparator means for 
generating an output when a predetermined parameter 
independent of said ñrst and second intervals of time is 
met and wherein said tire command means includes com 
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parator means rfor generating an output when a predeter 
mined parameter independent of said first and second in 
tervals of time is met together with means connecting the 
iii-st output of the time delay means to the two last named 
comparator means for preventing both of said two last 
named comparator means from producing an output when 
either of said two last named comparator means fai-1s to 
generate an output Within the time the íirst output is gen 
erated by the time delay means. 

3. A programmer as in claim 1 together with means 
for terminating the first ñre command signal »after a pre 
determined interval of time. 

4. A programmer as in claim 1 wherein said arm com 
mand generating means and said iirst command generat 
ing means each includes: an accelerometer, 'an integrator 
connected to the output of the accelerometer to produce 
an output representing velocity, -a comparator, a refer 
ence representing a predetermined velocity connected to 
the comparator, said comparator producing »an output 
when the output of the accelerometer exceeds the refer 
ence, and means connecting the first output of the time 
delay means to the comparator of the arm command gen 
erating means and lto the comparator of the ̀ tire command 
generating means to prevent both Icomparators from pro 
ducing an output if either comparator has not produced 
an output by the time the íirst output is generated by Ithe 
time delay means. 

5. In a programmer, time delay means for genenating 
first, second and third outputs at the completion of firs-t, 
second and third intervals of time respectively, arm com 
mand generating means for «generating at least two arm 
command signals, tire command generating means for 
generating at least two iire command signals, means con 
necting said time delay means, said arm command gen 
erating means and said iire command generating means 
whereby said time delay means serves to prevent the gen 
eration of a ñrst arm command signal prior to the genera 
tion of the first output from the :time delay means, to pre 
vent the generation of the first lire command signal prior 
to the generation of the .second output from .the time delay 
means, and to prevent the generation of the second arm 
command signal .and the second fire command signal prior 
to the generation of the third output from the time delay 
means. 

6. A programmer as in claim 4 wherein said time delay 
means includes means for generating a fourth output at a 
fourth interval of time, together with means for terminat 
ing the iirst fire command signal upon the generation of the 
fourth output from the time delay means. 

7. A programmer as in claim 5 wherein said arm com 
mand generating means and said iire command generating 
means each comprises an accelerometer, an integrator 
connected to the output of the accelerometer to produce 
an output representing velocity, a ñrst comparator con~ 
nected to the output of the integrator, a second compara 
tor connected to the ouput of the accelerometer, a ñrst 
reference representing predetermined velocity connected 
to the iirst comparator, and a second reference representing 
a predetermined acceleration connected to the second 
comparator. 

8. A programmer as in claim 5 together with means 
for preventing operation of said time delay means, said 
arm command generating means and said iire command 
generating means prior to time zero. 

9. In a programmer, time delay means for generating 
ñrst, second, third and fourth outputs at iirst, second, third 
and fourth intervals of time respectively, arm command 
generating means for generating at least two arm com 
mand signals, iire command generating means for generat 
ing at least two ñre command signals, said arm command 
generating means and said iire command generating means 
each comprising an accelerometer, an integrator connected 
to the output of the accelerometer to produce an output 
representing velocity, a iirst comparator connected to the 
ouput of the integrator, a second comparator connected 
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10 
to‘the output Yof the accelerometer, a iirst reference repre 
senting a predetermined velocity connected to the first 
comparator, a second reference representing a predeter 
mined acceleration connected to the second comparator, 
means connecting the iirst output of the time delay means 
to the first comparator of the arm command generating 
means and the iirst comparator of the tire command gen 
erating means to prevent the operation of the ñrst com 
parators if either of said first comparators has not pro 
duced an output by the time said iirst output is generated 
by said time delay means, and switching means connect 
ing said time delay means, said arm command generating 
means and said lire command generating means, said time 
delay means in conjunction with said switching means 
serving to prevent the generation of a iirst arm command 
signal prior to the generation of the iii-st output from the 
time delay means, to prevent the generation of a iirst fire 
command signal before the generation of the second ont 
put from the time delay means and to prevent the genera 
tion of second arm and the second fire command signals 
prior to the generation of the third output from said time 
delay means, and to terminate the ûrst ñre command sig 
nal upon the generation of the fourth output from the said 
time delay means. 

10. A programmer as in claim 9 together with means 
for preventing operation of said time delay means, said 
arm command generating means and said iire command 
generating means prior to time zero. ' 

l1. A programmer as in claim 9 together with means 
for applying bias to the accelerometer in the arm com 
mand generating means and to the accelerometer in the 
ñre command generating means, the bias compensating 
for the effect of earth’s gravity upon the accelerometer. 

12. A programmer as in claim 9 wherein said last 
named means includes a relay connected to the output 
of each 0f the iirst and second comparators of the arm 
command generating means and the lire command generat 
ing means. 

13, In a programmer, at least two channels, each chan 
nel comprising time delay means for generating iirst and 
second outputs at ñrst and second intervals of time respec 
tively, arm command generating means for generating at 
least one arm command signal, lire command generating 
means for generating at least one lire command signal, 
means connecting said time delay means to said arm com 
mand generating means and said fire command generat 
ing means whereby said time delay means serves to pre 
vent the generation of a iirst arm command signal prior 
to the generation of the ñrst output from the time delay 
means and the generation of the first lire command sig 
nal prior to the generation of the second output from 
the time delay means, and means connecting said channels 
so that in the event one of said channels fails to generate 
either an arm command signal or a iire command signal 
the missing command signal is supplied by the other chan 
nel. 

14. A programmer for actuating the tiring circuits of a. 
missile, a pair of sequence programmer channels, each 
channel comprising time delay means for generating first 
and second outputs at iirst and second intervals of time, 
arm command generating means for generating at least one 
arm command signal, lire command generating means for 
generating at least one fire command signal, means con 
necting said time delay means to said arm command gen 
erating means and said tire command generating means 
whereby said time delay means serves to prevent the gen 
eration of a first arm command signal prior to the genera 
tion of the iirst output from Vthe time delay means and 
the generation of a iirst lire command signal prior to the 
generation of the second output from the time delay 
means, means adapted to connect each of said channels 
to the tiring circuits of the missile, said last named means 
also interconnecting said channels so that in the event that 
if either the arm command' signal or the fue command _ 
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signal is not supplied by one of the channels, the missing 
command signal is supplied by the other channel. 

15. In a programmer, a time base integrator generating 
a ramp function, a ñrst reference representing a predeter 
mined time, ñrst comparator means connected to said ñrst 
reference and said time base integrator and producing an 
output when the output of said time base integrator exceeds 
that 0f the first reference, an accelerometer, a second 
integrator connected to the output of said accelerometer 
to produce an output representing Velocity, a second refer 
ence representing a predetermined Velocity, second com 
parator means connected to the second reference and pro 
ducing an output when the output of the second integrator 
exceeds the reference, iìrst switching means connected t0 
the second comparator and being operated by the output 
of said second comparator, means connecting the output 
of said ñrst comparator to said second comparator to pre 
vent the operation of said second comparator when there 
is an output from the said ñrst comparator, and bias means 
connected to said time base integrator and said second 
integrator for preventing operation of the time base inte 
grator and said second integrator before time zero. 

16. A programmer as in claim 15 together with bias 
means for applying a bias to the accelerometer so that the 
output of the accelerometer represents inertia1 accelera 
tion. 

17. A programmer as in claim 15 together with an addi 
tional accelerometer, a third integrator connected to the 
output of said additional accelerometer to provide an out 
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put representing velocity, a third reference, a third com 
parator connected to said third reference and the output 
of said third integrator and providing an output when the 
output of said third integrator exceeds the third reference, 
second switching means connected to said third compara 
tor and adapted to be operated when there is an output 
from said third comparator, and means connecting the out 
put of said ûrst comparator to said third comparator to in 
hibit the operation of saidV third comparator when there is 
an Output from said first comparator, and means connect 
ing said bias means to said third integrator for preventing 
operation of said third integrator before time zero. 

18. A programmer as in claim 17 wherein said first 
switching means causes the generation of a ñrst arm com 
mand and wherein the operation of said second switching 
means causes the generation of a ñrst fire command, to 
gether with means for preventing said second switching 
means from generating the first ñre command before the 
ñrst arm command has been generated. 

19. A programmer as in claim 18 together with a 
fourth reference, a fourth comparator connected to said 
fourth reference and to said time base integrator and 
means connected to the output of said fourth comparator 
to terminate the first ñre command after there is an out 
put from said fourth comparator. 
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