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ABSTRACT

The mission in missile systems can be conducted with multiple phases according to the characteristics of the

systems and the targets. The safeguarded multi-phase mission includes a safeguarded phase before launch for

considering the safety of operators in unexpected squib activation. However, the safeguard function should be

disabled after launch to complete the mission. Therefore, the squib system needs to be selectively activated

according to the phases. This paper presents a selective squib activation and check circuit design for safeguarded

multi-phase missions in missile systems. The presented circuit design was implemented with various electronic

components including a field-programmable gate array(FPGA). Its functions and performance were validated by

both many ground tests and several flight tests.
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Fig. 2. The concept of the irreversible discrete
signal-based safeguard system
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Table 1. Pseudo HDL code for the process of
SQB_ARM_DISABLE_FLAG

process with RESET, Clock
begin
if RESET is '0' then
initialize SQB_ARM DISABLE counter;
initialize SQB_ARM_DISABLE FLAG;
initialize SQB_ARM _DISABLE period;
else if Clock is rising edge then
-- vector shift
shift left SQB_ARM DISABLE period,;
set the last bit of SQB_ARM DISABLE period to
SQB_ARM_ DISABLE_IN;
-- noise filter
initialize SQB_ARM DISABLE cnt;
for 0 < i < 19 loop
if SQB_ARM_DISABLE period(i) is '1' then
increase SQB_ARM DISABLE cnt;
end if;
end loop;
-- when flag is off
if SQB_ARM _DISABLE FLAG is '0' then
-- decision
if SQB_ARM DISABLE cnt > Threshold] then
SQB_ARM DISABLE FLAG « 'l'; -- flag on
end if;
-- when flag is on
else if SQB_ARM_DISABLE FLAG is 'l' then
-- decision
if SQB_ARM DISABLE cnt < Threshold2 then
SQB_ARM DISABLE FLAG <« '0"; -- flag off
end if}
end if;
end if;
end process;
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Table 2. Pseudo HDL code for the process of
SQB_ARM_ENABLE_FLAG

process with RESET, Clock, SQB_ARM DISABLE FLAG,
DISABLE INHIBIT FLAG
begin
if RESET is '0' then
initialize SQB_ARM_ENABLE cnt;
initialize SQB_ARM_ENABLE FLAG;
initialize SQB_ARM _ENABLE period;
else if SQB_ARM _DISABLE FLAG is 'l' and
DISABLE INHIBIT FLAG is '0' then
initialize SQB_ARM_ENABLE cnt;
initialize SQB_ARM_ENABLE FLAG
initialize SQB_ARM _ENABLE period;
else if Clock is rising edge then
-- vector shift
shift left SQB_ARM _ENABLE period;
set the last bit of SQB_ARM_ENABLE period to
SQB_ARM ENABLE IN;
-- noise filter
initialize SQB_ARM_ENABLE cnt;
for 0 < i < 19 loop
if SQB_ARM ENABLE period(i) is 'l' then
increase SQB_ARM ENABLE cnt;
end if}
end loop;
-- decision
if SQB_ARM ENABLE cnt > Threshold3 then
SQB_ARM ENABLE FLAG « 'l'; -- flag on
end if;
end if;
end process;

-- Combinational logic for SQB_ARM_LAT PWR
SQB_ARM_LAT PWR <= SQB_ARM ENABLE FLAG;
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