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Study of the Qualification Test Procedure for the General
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Avionic Computer for Aircraft
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<Abstract>

This paper discuss the Qualification Test Procedure which
1s composed of main functional and environmental tests for
the localizing avionics and subsystems, especially the detail
test approaches of General Avionics Computer(GAC) through
the analysis of related technical data packages for the
purpose of performance proof of final products. Quality
assurance procedures are properly established with the
several kinds of inspections and functional test items. They
are called as process inspections, functional test, acceptance
test procedure and qualification test procedure. The
qualification test procedure are composed of the analysis of
original engineering design concept and shall be performed
for the acquisition of the certification of the GAC's quality
as well as the aquisition of the related techniques and
engineering know-how items.
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&4 AF A HFEHY FAJSTAHAEA} S wF A

(Avionics) o] &HA-E o] g g 7|8 A=z}
of Ay A o] FojHow o]egt A}
of At 84+ AA, 7HF 2 xYolEge
At 2w 7| AE e HEe] o]FojAn
718 1 ATy 82 9A dALAe AAL
o B33AQ HAFo 2 dAHRUL. o]y §
HAHSAHRELS AANE S vigez AHE Ax
717]18] A4tel HEHE 7, 2H 2 A¥EFE
o] fAHoA HEE 4 JAY. 53] HFE7|
HAE = HAAGH = bl A AALS] o
| Al vehdule} o] mde &
} F8F79 Ao dFEA ¥ Y
Sl7|ALEA1Y REEF ZIAA/ 598 AU &
a Worg MAMAY FARFL v$ F23F
il st ojo] B =§F& gdFAAI 7 F
v 3] 3R] dlo]lE e A4t 2 Y Agu| e FAl,
718 "HAE TAS F7)e] Aolse JES
T8l GACY FH8H3E Q4o 23 Jag&
Fow SFYEE I AHF9 7l HdAE<
W8S FAHA R BAFY 53] oA x
A3 g e AAFAAY FRAASIAA
o TYeut glen oy AAAHA FHEQ
THULE 7|02 BN 2 i

2. ¥ &

2.1. GAC®| 7| & +4

GACE 837)d "gAEE O ¥E3 33zt
(Avionics) ¥Ho2 RE gFHa AHE %
8l FHArEE oy 9 g§AFre F
o AL FWH A e dloly, ARG
AHFAl @ 7] (Head Up Display: HUD) A€
ANE daelFe AFHY AAE S8
3 AR 3F, YT ¥dF7 9 duyxYee
A, #eElsta 2kE AlA 9} display monitor ]
process®?l AlH AJA¥3 Ho|EHE Faws
MIL-STD-1553B Bus®| main controller®A]
sttt 5AoxE= VHSIC (Very High
Speed Integrated Circuit) & AF-8, 114 A KA
g7t 7hesis $@e HEo®R AF7LFs
SMT(Surface Mounting Technology)2- ©| 88}
of A% Z s st Au FAL 449 »
=3 2709 Battery Assy % Computer Sub

tlo &

Assy® TAEM AT AT A QLS Table
1, 29} & £33 GACE A% e 4 ®
#< Table 204 JEld Z3 o] =
SDI(Serial Data Interface), IOC(Inpu/Output
Control), Memory, CPU Module % Power
Supply T2 F&5HYW I 38 7|5 Table
33 2o},

Table 1. Main Specifications of GAC

T 8.4 2 ks
a4l 231b(10.43kg) MAX
H 7] 5.29"W 780"H 14.96"L. MAX
A8UgAd 115V 400 Hz 100 Watts

MIL-5TD-1750A(16BIT)

Systm Clock @ 50 MHz
1.6 Million Instruction per
Second(MIPS)

MIL-STD-1553B
256 K words SRAM

A W2y (Forced Air Cooling)
12709 (Primary),

Processor

Data *¢|& 5

Data Bus

Memory £ %
Cooling %4

Battery < 371 ¥ (Secondary)
Data H.& 103 (95% Capacity at 25TC)
Mean Time
Between 3,438 Hrs
Failure

—

22. GACY 58 A& A B FARFYSH
o] F§

GAC®| A Zte]l Mag FARFAAE znk
Z 9l # 2}7] A (electromagnetic)?l 847} ¥ 8}
o] el AR AT HAle HE
RAFE A TFAEAE A% FEAH
(Acceptance Test)s o & TWHED o]y <Al
Al HARA 3 AP EEolr), FA 7 Aol A
T8 F8 U8 HAH S ZHALY ZE
712 Atge]l HHom duyidele) Ao A
2, A3} WA G HALR o] Fojxc} B =
ol olelgt AAEE] HAIN Lo Al
AALEe]l Az, & AR W6 wpg A A g
A daAdo s Fasofsle Q)
A3 AR 5SS HESC EARZFo 2z
T Hz 2 A9 FHe vy SFsln 2
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vloke] Ao we} sy, ol& AA & §
8 R AARAY = 4 FAHL HASY 7%
geole 9% 45 A ¥™(Operation Test) 12|l
GAHA] kA Fol A FEE = THAE
(Acceptance Test Procedure)& #Witf. GAC
ol FHAYPY Y& HF AeE Initial
Operation Test(IOT), Random Vibration Test,

Table 2. Sub Systems of GAC

TR o

GAC Assy
e Mount Assy

SDI Module
[0C Module
Memory Module
CPU Module
Power Supply
Battery Assy
Computer Sub Assy
Harness Assy
Chassis Kit
Battery Housing
Assy
SDI Board
[0OC Board
Memory Board
Backplane Assy
Filter Assy
Cable Assy

Module

Sub Assy

Burn-In Test, Final Operation Test(FOT) &
AesAdPdE 2 ARz FAFG =3
FgFAAEFES] HdAAMNYGS T2 HUsSs A
HHaE ddo] F3AF A ¥ (Qualification Test
Procedure)e] 2far . g o] 8t FA QS A
oA AArALe] W7 &, A¥, 7=, A4 9
WAsle] mE dF FHUAFY #AHo] 8.+4€Y
i gdE g dAds AL FAYF
Al ¥ (Source Qualification Test Procedure) A z}7}
TEEY F2 AR FHAJFAPEA}=
AsANPdEFRoE FAHE THAIEY Fi¥85E
i} 37 A ¥ &5 (Environmental Test)S.& ¥
E EAd uwFo] FAHEHE Ho| FAH|Y,
A $-elyete ZlesTS Hlao Y oA
AAZI=gR o7 AA ALAsE S 4F &
& A AH(Avionics) ¥ 53 =AW / 58 7| AF

Hle] B4 SuHA X§ dd2 dF 44
7E& A&t A Fsia e A
Blojct. ol & Aesto FH NFAAE 4HNE
H Table 49} 2o} 12 7w 2 GAA|7}A] &
AES o) 743 A7|dez WA FiHE A

Table 3. Main Functions of Each Modules

Module F8 7%

- MIL-STD-1750 Instruction Set

+&
Central ¥
Process |- &% Memory addressing & &

Unit |- 218 block protect RAM X

(CPU) | 1.6 Million Instruction per second
S 8
- 262,144 words RAM X §}
Memory |- 55 nano seconds(ns)2] Memory
Module | Access Time
- 120 ns ¢ Memory Cycle Time
Input/ |- SDI Channel& 9§ DMA(Direct
Output | Memory Access) <8}
Cﬂflgﬂl‘ - 8192 words start up ROM
10C) |~ SDI & CPU interface

Module |- #&& &2} #v] 2} CPU interface

Serial - GACQ} MIL-STD-1553 Bus ?]'t:_::_-'

Data TH
Interfac |-Four Dual redundant 1553 channel
e(SDI) |- DMA 7%

Module | 1553 Bus & CPU interface

- 115 V AC, 3 Phase 400 Hz input
- Out Power

* 50 VDC £ 3%, 13.7 Amps
* 155 V DS = 2 %, 035 Amps
* =155 V DS £ 2%, 0.72 Amps
* 50 V , 400 Hz

gg w?r (Analog reference signal)
pPply .

- Over Voltage protection

- CPU Power

- Up sequence signal A&

- Power-Up sequence ¢} reset

signal %Al

§S ¥ 4A2F A ¥ (Qualification Test Procedure)
o]z 1 WX 71 Wi 3G, old EF
5 &= W] 8-0] -8 A] ¥ (Acceptance Test Procedure)
o] 31 Al 5 A @ (Operation Test or Functional Test)
o] ¢ 2 WAz g} olo GACe &
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Table 4. Definitions and Contents of Each Quality Assurance Tests

T & 4 9] T8 Y& H] a1
- A5 A ¥ (Operation Test =+
) Functional Test)
| = AAALYE] gel ] T2 AAF g 2 A
3L ol 2= A )
FAQAFAY | . oy, dis T A% (Acceptance Test AALCE 84 Aol A A
Procedure)
- 3} A& (Environmental Test)
i ) = FAE AT B - A FA S FrtAlol e 7|5 &
TEHAIH L .
7159 #9l - JAGA| g e E ] AR |
|- FEARARRE| S Aol Eere 7
s A § S Z}5 A5 g9l A K=o el

Fote= 8ol wisiM dAsA 1 AlE e W
83 gES HESIVZ §Y,

23 A e 534 +4

ASAEL 2 BHAYEY 8 H/Fd ®
T4 =394 GACY 3FEeo] HAAHRIINE
glsl Aoz ## softwareE A3 A7)
H AFOoE Al§o] AAEW AlHAH e Xy
B % EZYEo Passed/Failure 522 A
t}. (Table 5 =) o] AlgHo AlgH = FH|=
Input/Output Optional Test Set2} Mounting
Rack Assembly©]il A} Softwarei= Special
Test Software Disk7} AF-& ¥t}

Table 5. Debug Menu of Acceptance Test
Procedure

** GAC ATP DEBUG MENU

 GPU "TEST

MEMORY TEST

I0C TEST

1563 SDI TEST

ROM TEST

BATTER TEST

POWER UP/DOWN TEST
PERFORM ATP

. RETURN TO OPERATING SYSTEM
10. ENTER UUT HEADER DATE

L 0N O s W

R A "aes o9 o

(7H) Al 4n] 9 software?] Ae] <]

(4}) Monitor’del +82 @A R Q]

GAC Part Number, GAC Serial Number, FTE Part
Number, FTE Serial Number, FTE Calibration
Due Date

(th) ta wgddE Ygstar i oo
ATP(=+¥A1g) MenuZt YElT}. 7= “§”
& A9 g,

(2h) Algds8E 3H A5 o2 2} Module W
= Ags Adg
(v}) Alge] 8 %W Monitoroll A A8 43 &
gelslal THUEE AHAHE &89,

(1}) FTE(Functional Test Equipment)® 4
Bl GACE #3831 FTE PowerE ulgl7] #
of ASAE AZEYSE A A3

24 7MY #Axst -8

og] FAHAE AR HF GAlFo] AAHAE
W ¢AlEel F2e] MANEH Mdes ¥ 7434
SFEAE UF=AE HF FUdte= A Y
Azlolct. AlPeA et W82 e #r.
(7}) Initial Operation Test (I0T)

Burn-In Test #ol Fu]el Aol E#)71 §1
o A7 Aty 9 23%H L A FA
e 9%

(4}) Random Vibration Test

AAGF AIZHESE A o] we} 2 FA

& 8%}t Random Vibration %l GAC
o] JAA FAEAHE A3
(t}) Burn-In Test

[0T7} ¢ud & 27 23S wAsr] $
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5l % Z(Thermal Shock)E& A &%ct 1
2L At oe 25879 7 A4
AN-54Te A HaALZEFAQ T7IT7A FoXA
o AAE 274 gV oA}

(2}) Final Operation Test

Burn-In Test &<t o] F-of WAE Ao
754 AdulE &2Ast7] et ¢ 2389 A
TAES .

Aot & I ANYFFTH7E FARF Y
o7 AAHoZ HE W AANGD FFH
© A%H 7l S ¥ 4 gon ol
}7H 820 FASE AldeE BAAMNY
(environmental test)e] Sl ol AA 7 F
o] gla #T AAA HAQ) FHAJFAIEA
2} (Qualification Test Procedures)% ol 4 A] &}
Al €.

3. ¥4dUFAMNEYE HAA(Qualification Test
Procedures)

FANFAIE Hae 37 {9 FH4E&
Bzl sl 7ls R AEol AES A
T % 84X FHFARE 37 9%
ANEEAZ A WAEGAdMe Algd 7|E
o] wWyel] 2§ AR WA AAEE
ANEEAToRE FRC 27|10 AdA 4
Algte AlES AlE2¥e] 8 ¥4, AA 4§
HAsk AA dHAAd 82 2F A& % AT
Y7t & HHoE AL Z|go|HAo] HAE}
= AlgdxE s (AN, 94, 34 5)9
Mo sl WAEs e Fd EYA
ALEEE ZEAAA] GRIEtY JEolHFe] F

A4S B8] A% EH o 8§y,

olg HW3 AlFALA FAJFSAHAEA
(Source Qualification Test Procedures)@}il &}
NE @k, FAJAFAYEL FagaVe 87
A) %] (environmental test)¥ FHPHFZ A%
% 715 & W7kt A e Al ¥ (Operation Test)
7 42 Al gl (Acceptance Test Procedure) 2 2
T €t

3.1 #AAFA ¥ AA(Qualification
Procedures)

FAJYF AlgdAa+= GACY FA3HYA Ha
EA%9 7154 & wFshestdl dislq Fdske
ol o7l Pre-Acceptance Test¥ Post Acceptance
Test& v}3F Environmental Test®] =A& 4]
¥ttt Pre-Acceptance Test®} Post-Acceptance
Testv= Al4FE % AH(Examination of Product)
& %% =3I BE Specification 8. FFAE
gQlalar AAite Al A& 37 ¢35}
o &€ FHAYHAA welr] Fu]e 7|F
A EAE HAFS= A5 Al ¥ (Function Test) 2
2 TAEY.

Test

3.2 87 A §] (Environmental Test)
FnEee ZtE VAANHEGEFT AF YA

Zkoll ol gt A|Fel HAASZIE HEE AL

o3 2o

- £ %/31 %A ¥ (Temperature/Altitude Test)

- W2} F7] %% 24 A ¥ (Cooling Air Thermal

Shock Test)

- X% A% (Vibration Test)

Table 6. Conditions of Temperature/Altitude Test

agen | es | UHEIIEE BEAW | mega | A#AR
1 RFEGH | 27C, 0.254(kg/min) |  A|5l%E, 1 atm dH53E | ATEAA
2 +71C | 277C, 0.254(kg/min) | 60,000 FT, 1.04 atm | 9%2% |S2U4AF 1A
3 +71C | 277C, 0.254(kg/min) | 78,000 FT, 044 atm (A &3 2§ 2% o|4
4 +71°C | -18°C, 0.09(kg/min) | 60,000 FT, 1.04 atm | 9%2% 1A 2k
5 -40C |-54C, 0.077(kg/min) | 60,000 FT, 1.04 atm | ¢42% 1A] 7k
6 ¥ F4E) | 27°C, 0.254(kg/min) e A Hd&2F A5 EAA| 3T
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2 A8 (Mechanical Shock Test)

- %A% (Humidity Test)

s 9lof B AlFol] " 4F A EAH
AEEET 11 7] HAAE + e ¥HE

| AlgAnE ALBEA = o]l #HAY =

WlesEoezt 4% 58] A48 Fut
o)
O
=

| itk AAIHL o MF-FEE AlYH U &
A H 7|2 g

3.2.1 2%/351%A ¥ (Temperature/Altitude Test)
SE/35% AgE 22/AL R A} AEjo A
71678 ANAR] s oAFE AW 2 &
A& Datar F8 F£9 HEUY 7|k, 4
% chamber U9 &% Wzt¥7| &8 7&5:_,
vk, T2k ol W AFZFHA AY
%218 Table 63 #t}.

322 WzZ+E7] &% F24 Al ¥™(Cooling Air
Thermal Shock Test)

s d7|LEe HE SoA e
A& glo] AAH o R #Fo| ZlF#ILE <2
3l Algoz 7|85 dojHe 479 2%
/A § e ALgry FUstY, (Table 7 @ A3
£3)

Table 7. Conditions of Cooling Air Thermal Shock

Test
oA 1 2 3
< | B2AH | XS4 H | 24 H
-18C ~+49C
%E?I 27C | (2R17CA | 27T
- )

Yz} 0.56 . 0.56
+71%F | lbs/min 1.41 Ibs/min Ibs/min
15 A| AF 1 = A AL % A|AFILE
A5y | 443% | ASAE | d43F

dsEel 359

Al Al ZH A 7H = T Ak Al ZE A 7}

3.2.3 Z& Al¥(Vibration Test)
g3 7)o A2 Aejol A 85 WS

Table 8. Conditions of Vibration Test

an |8 A Performance | A 54
T 14 | Random Vibration |
10-30 Hz
=, _U]_,a- 30-60 Hz ,
T |FAE| 60260 Hz | RAE
260-600 Hz |
600-2000 Hz
0.20 G*/Hz

+3 dB/Octave
0.40 G*/Hz BR%
+3 dB/Octave
0.92 G°/Hz

A & A &2+
(WMle 4% &<l)

A (XY Z 3 1AMHEFE
4, 3A 3t

A4
A%

A5 8
21 A1 2

A5

AT ALY

252 gl disto 7|54 AAHA FEo
Mg FgRls AswU3XY,2)e2 712 Ag

ot} o]o] gk AlFH =2 Table 8%
rdgs 3
324 71A% F4 A% (Mechanical Shock
Test)
Ideal Half T
- g
Duration
Peak Nominal
Value(g’s) |Duration(msec)
Logitudinal 1515 113:1.0
Vertical 1618 Bl =10
Lateral 1615 11+£1.0

Fig. 1 Diagram of Mechanical Shock Wave

ga7lol FAEo] 8 L HyPAel e
o ZF8 A9 shockell Wdte] AE 2] A3k glo]
A4 ZAFoiEg geljch, X, Y, Z S43ko
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29] shockoll thsled A|@E 3l A|PE
A& o}l#)e Fig. 13 Table 99 L& A&y}
9l RFog Fozir

Table 9. Conditions of Mechanical Shock Test

2HE

IS A% | 0| AEA
| EEAE|H N 15£15G| 94 | T&5F
Ng | AEws | A% (111 msec

3.2.5 %Al ¥ (Humidity Test)

w8 F9 §HdA s AHsE fle] 7l
A32<Q 2AFo| Hezl A& &Rl o]
et AlFEAA 3y 2 AHAAMREE
Table 103} #t},

4. 4 &

1459 8- AHAvionics) Al A YA
7154 e] wig- e MAR Ho| FEHE
FEO R oo i ALY HAFHIERNE 5
8] A A< NgFHo| FE5F A5 AAA
of qlejM = Fa3 7|&Ee syolt. oo ¥
9] 5% A 7 57 ¥] (General Avionics Computer)
o] FARFTUUSE AAEHE= A5 AAAHS
gl AR FAJFAEHE  AA(Qualification
Test Procedures)®} olol ¢ 7|55F=AY
(Pre- & Post-Acceptance Test), 4 &A@ &=
3 AAFEAZL AlYEHE FAHAL JAVE 948%
A8 HESAY. 8T HAEFEe] fg7] =0l
= AAZled Airle adan FARSI|E

ToE WA=l vt ddE Rl
o] i Ailednt FHARFES A% 4F
Ald7le R AP g ol Had Z4
AEgH R ArEErle §9 FEVIHS &
nHog oAAXH olF T MAZ|=9 HE
7b 23|12 g5 g Alke @58 7 dL
gle gedn. o2 ¥ FARITIIY ¥t
FF Idl Al AHYE EdE § G AYge
o] 220 B4 o]& T3 APAW Y AEd
U3 AEJ ¥F AM=2E SARRS AAY
Ao 2 wdd.

1
E

2353

1) MIL-E-5400, "Electrical Equipment, Airbo-
rne, General Specificatuion”, 1982

2) MIL-STD-810E, "Electromagnetic Emissi-
on and Susceptibility Requirements for the
Control of Electromagnetic Interface, " 1984
3) MIL-STD-462, "Electromagnetic Inteferen-
ce Characteristics, Measurement of,” 1987

4) 16PS011C "Environmental Criteria for F-16
A/B and C/D,” 1988

5) 16ZE325D, "Prime Item Development Spe-
cification for the General Avionics Computer,”
1990.

(20000 8¥ 199 A<, 2001 49 309 A49)

Table 10. Conditions of Humidity Test

g e= = A% | Ay | e ] 31

1 |[EEAHERITC)| d7lg: [AMd1E | d423F |dsUAZ

2 ~ T1C ~95%RH | A|&¢ilx | H|ZE 24 3k RH(Relative Humidity)
3 +71°C 95%RH | A|&dix | H2F 64| 7t

4 ~28C ~8%RH | X|i%x | H|ZE 16A] ¢

51| 28C~T71TC |85~95%RH| A|41%x | 4HZF 240A] 2+ 2,34 A1 103] QH-E-

6 |[EEAEHERIC)| d7ieE | AYLE| d52F (AT HUAARE %5 /5 A2 AL
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