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Abstract: For electronic piezo gauge used for testing gun chamber pressure, its internal miniature pulse-powered photoelectric

invert switch cannot often be powered up normally. To solve this problem, a test system for invert switch is presented to verify

the reliability of the invert switch. The test system uses complex programmable logic device (CPLD) to control data acquisition

of A/D converter and data storage of external flash memory, and then transmits the acquired data to a computer for data analy-

sis and processing. The test system can provide the required sampling frequency of the signal in high temperature, normal tem-

perature and low temperature environments, and the reliability of the invert switch can be verified according to the signal pa-

rameters. The results show that the test system has high precision and the tested invert switch has low power consumption and

high reliability.
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0 Introduction

Low power design is desired by storage measure-

{51 A miniature pulse-powered

ment technology
photoelectric invert switch has been implemented and
has become the key part of the power control unit of
storage measurement system. It is a new switch that
is suitable for volume production and without manual
operation. It has the characteristics of low voltage
actuation, low power consumption, small volume and
time delay function'’. In actual storage measure-
ment, there were many failed tests because the test
system could not be powered up normally by the in-
vert switch. Considering the high cost of test experi-
ments, it is necessary to verify the reliability of the

invert switch™™®/,

1 Photoelectric invert switch

The miniature pulse-powered photoelectric invert
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switch is composed of photoelectric control module
and CPLD control module. The functional block dia-

gram is shown in Fig. 1.
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Fig.1 Block diagram of miniature pulse-powered photoelec-

tric invert switch

In Fig. 1, DI is an infrared emitting diode, QI is a
phototransistor, IR is pulse voltage signal, ID is the
output signal of Q1 and PON is the delay signal of e-
lectrical control signal. To reduce the power con-

sumption of the photoelectric invert switch, pulse-
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driven approach is adopted for infrared emitting diode

in photoelectric control module.
2 Test system
2.1 Design of test circuit

The block diagram of test circuit for photoelectric
control module signal 1D is shown in Fig. 2.

It can be seen that the test system consists of ana-

log-to-digital (A/D) converter, FIFOl, FIFO2, ex-
ternal static memory, high frequency oscillator, com-
plex programmable logic device ( CPLD) control
module, power control module and serial communica-
tion interface. Among them, CPLD control module is
the core. According to the needs of signal acquisi-
tion, the test circuit adopts two FIFO chips to imple-

ment the double negative delay function.
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Fig. 2 Block diagram of test circuit for photoelectric control module signal ID

The working principle of test system is as follows.

The output signal ID of photoelectric controlmod-
ule is an important parameter to be monitored. When
the photoelectric control module is triggered by a ex-
ternal optical signal, the signal ID output by the pho-
toelectric control module is sampled circularly and at
the same time the acquired data are written into
FIFO1l. When the rising edge of signal ID arrives,
the data in FIFO1 is imported to FIFO2 and the data
in FIFO2 is to external static memory until the mem-
ory is full. At this time, data acquisition stops and
the acquired data is waiting for being read from the
static memory. When receiving a read command from
the computer, the system begins to count until the
data transfer is completed. Finally, if the computer
needs to read the data again, it will send a read com-
mand and the test system will run as the above steps,

or else, the test system will be reset or cut off.
2.2 Logic design of CPLD control module

High performance and low power CPLD

EPM7128BTC100-4 belongs to MAX7000B series
from Altera company. It is the core of the test cir-
cuit®, The block diagram of CPLD control module is
shown in Fig. 3 and the schematic diagram is shown
in Fig. 4.
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Fig. 3 Block diagram of CPLD control module

When the rising edge of trigger signal 1D arrives,

A/D converter begins to sample and the acquired data
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is written to FIFO1 by write operation. Meanwhile,
FIFO1 and FIFO2 push the address and then FIFO1
performs read operation and FIFO2 performs write
operation. Afterwards, the static memory and FIFO2
push the address and FIFO2 performs read operation
and static memory performs write operation. Conse-
quently, the data are imported from FIFO2 to the
static memory. When the static memory capacity is
over 375 KB, a full count signal is sent and corre-
spondingly the computer sends the read command to
read the data again.

If signal TEST arrives, the test system will work
as the same as the first step. A/D converter begins to
sample again and the data are stored. Meanwhile,
FIFO1 and FIFO2 begin to push the address. After-
wards, the data are read from FIFO1 and then writ-
ten to FIFO2 . It is negative delay. Based on the

same control principle, if there are 64 sampling
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points for FIFO2, when the rising edge of the trigger
signal TEST arrives, FIFO2 and static memory begin
to push the address. Meanwhile, begins to read the
data and the static memory begins to write the data.
The data in FIFO2 is the signal with arrow pulse
peak before signal ID, and then adjacent wave signal
is written into the memory. The 192 sampling points
in all are stored in the memory, which are the signal
ID peak and the adjacent wave signal. After that, the
memory stops writing the data and waits for the next
the rising edge of the signal TEST. Finally, the com-
puter generates read signal and begins to read the da-
ta in the memory. When the memory is full, end sig-
nal is sent after the 1 000 th trigger signal.

In Fig. 4, clk module is responsible for controlling
the address operation of FIFO1l, FIFO2 and static
memory and judging whether the static memory ca-

pacity is full.
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Fig. 4 Schematic diagram of CPLD control module

2.3 Simulation of signal ID

Quartus II is used for test system design and im-
plementation. It is a synthetical PLLD development
software from Altera company with embedded syn-
thesizer and simulator, which can complete the de-
sign process from design input to hardware configu-

ration. Fig. 5 shows the CPLD timing.

For a practical pulse-powered photoelectric invert
switch, the high level of signal ID should last 122 ps
theoretically. Using the designed test system, the re-
al high level of ID signal waveform is obtained as
120 ps, as shown in Fig. 6. The test result is very
close to theoretical value 122 ps, which proves the
reliability of the pulse-powered photoelectric invert

switch used.
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Fig.5 CPLD timing

[

nse e

[T W ["1e032 10072

Fig. 6 Waveform of signal ID

3 Conclusion

This paper describes a test system for miniature
pulse-powered photoelectric invert switch. Especial-
ly, the test system uses two FIFO chips to realize the
double negative delay function, which provides a ref-
erence for the collection of narrow pulse signal. The

test result proves the reliability of the invert switch.
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