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[Abstract]

This study presents the design of a PXI (PCI eXtensions for Instrumentation)-based portable test
equipment intended to enhance field-level maintenance efficiency for military systems. The proposed
equipment integrates multiple measurement and communication functions into a single platform using a
modular PXI architecture, and incorporates mechanical and electrical reliability design measures suitable
for harsh field environments. To verify functional stability under external environmental stresses,
temperature, humidity, vibration, and drop tests were conducted based on tailored conditions derived
from the MIL-PRF-28800G Class 3 standard. The test results confirmed that the equipment maintained
normal operation across all environmental conditions, with its built-in self-test verifying proper
functionality after the tests. The outcomes of this study are expected to provide practical design
guidelines for portable test equipment applicable to field maintenance and to contribute to enhancing

maintainability and operational availability of military assets.
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I. Introduction

1. Research Background
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2. Research Purpose
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3. Organization of the Paper
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II. Preliminaries

1. Maintenance Test Equipment (ATE)
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2. Requirements of Field-Level Maintenance
Environments
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3. Overview of PXI-Based Instrumentation
Platform
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4. Applicability of PXI to Portable Test
Equipment
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5. Overview of Military Environmental
Specifications
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III. The Proposed Scheme

1. System Architecture and Operating Overview
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Fig. 1. System configuration and connection architecture.
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2. Hardware Architecture
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Fig. 2. External view of the portable test equipment.

2.1 PXI Module Configuration
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Fig. 3. PXI chassis with measurement modules installed.

2.2 Controller-PXI Communication Structure
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2.3 Integrated Interface Board Design
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3. Reliability-Enhanced Design Considerations

3.1 Mechanical Reliability Design
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3.2 Electrical Reliability Design
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IV. Environmental Testing and
Verification

1. Environmental Test Setup and Procedures
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Table 1. MIL-PRF-28800G environmental requirements
by class

Class
Test Item 1 > 3 0
Temperature, | g4 71| 51 10 71| -40 to 71| -40 to 71
not operating(°C)
Temperature, | 4 0 55110 t0 55| 0 to 50 | 10 to 40
operating(’C)
RH (percent) 5to 9515 |5 to 9545 |5 to 95+5 | 5 to 9545
Vibration limits Random | Random | Random | Random
@ 10~2000Hz | 10~500Hz | 5~500Hz | 5~500Hz
Transit Drop Yes - - -

Table 2. Tailored environmental test conditions

Test Ttem MIL—PRF—288.0.0G Tailqrfed
Class 3 Condition Condition
Temperature, ~40 to 71 -33 to 63
not operating(°C)
Temperature, 0 to 50 0 to 43
operating(°C)
5 to 955 %
RH (percent) 5 to 95+5 5(1t0482§|5e)%
(5 cycle)
Random
Vibration limits | 0.015/0.0075/0.0039 —
PSD, 5~500 Hz
200 mm / 4
Transit Drop bottom corners <5
and 6 faces

2. Comparison with Legacy Equipment
& AN = ARk ol5d Al EEAIE
HE 7] Hall, Beg &Rl 7|E olsd Algd]
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Table 3. Comparison of Environmental Test Coverage
Between Legacy Unit and Proposed Equipment

. Proposed
Test Item Legacy Unit e
Temperature, not | 5 1, 43 «¢ -33 to 63 °C
operating(’C)
Temperature, 0 to 43 °C 0 to 43 °C
operating(°C)
5 to 955 %
(1~4 cycle),
RH (percent) Not tested 5 to 8045 %
(5 cycle)
Random Random
Vibration limits 0.015/0.0075/0.00 | 0.015/0.0075/0.00
39 PSD, 5~500 Hz | 39 PSD, 5~500 Hz
200 mm / 4
Transit Drop Not tested bottom corners
and 6 faces

3. Test Results and Analysis

3.1 Temperature and Humidity Test Results
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Fig. 6. Vibration test setup.

3.3 Drop Test Results
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Fig. 4. Temperature and humidity test in chamber.

Fig. 5. Chart paper

3.2 Vibration Test Results
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Fig. 8. Self-Test Results

V. Conclusions
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