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A Study for random T/R module failure rate of
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Abstract The latest jet fighters are mostly adopting active electronically scanned array (AESA) radars with
transmit/receive modules (T/R modules) instead of mechanically scanned array (MSA) radars used for
fourth-generation fighters. T/R modules have good functional characteristics that support maintaining
radar operational capability until they reach a certain failure rate. Therefore, it is required to establish
a random failure rate of the T/R module, which is designed for structural redundancy for reliability in
the development phase of the radar. The failure rate should be determined to meet the required radar
operational capability. This paper proposes a method to determine the proper random failure rate of
the T/R module, in which the maximum failure rate from 5% to 10% to meet the maximum detection

rate is the key factor of the required operational capability of radar.
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Fig. 1. T/R module failures vs. Radar Operational
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Table 1. EIRP per Random Failure Rate of T/R

Module

Random Failure Rate
6% | 7% | 8%
30 35 40

30.83 | 30.79 | 30.74
66.88 | 66.83 | 66.79
97.66 | 97.57 | 97.48

Item | Unit

5%
25
30.88
67.09
97.75

9%
46
30.69
66.74
97.39

10%
51
30.65
66.69
97.29
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dBi
dBm
dBmi

Grx

Ppeak
EIRP
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Fig. 3. Typical RF Circuit Structure of AESA
antenna [5]
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Fig. 4. Equivalent RF circuit model for AESA Rx
path for G/T analysis [5]
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Table 2. Parameters for G/T calculation

Random Failure Rate
0% | 5% | 6% | 7% | 8% | 9% | 10%
F EA 0 | 25|30 |35 |40 | 46 | 51

Depends on weighting factor and
failure location
(Refer to Fig. 6)

[tem Unit

MFC Control(Ly) | -

Lu 0.5
Le Le 0.5
L 0.5
. G, Fu dB Gain @ 30, NF : 1.5
8,
G, Fm Gain @ 3, NF : 4
Lat 8
Ld
La 2

9 Fig. 62 HEHS %‘“‘-’5} AlEHo|4AE Bl T/R
RE IFEC] OE 7HSA £2E O™ e, 1%
@ T/R 289 7IEXE 0202 X stget. E3, HF
H JIE 75A0l @} Eq. (5)F AXRE 23k ofF
Table 33 Ztt. 715X Ex0] wet Eq. (59 23 &
o] Hzlstng 9] Table 104 HstAd Alo|A ¥R
Z 10034 AlEHo|Asto] Zhe] HAE EIstitt.

5

O.

Table 3. G/T calculation results with respect to
Random Failure Rates(unit: dB/K)

Random Failure Rate
0% 5% 6% 7% 8% 9% 10%

G/T

Pd.alert (;7 Th?”'u) = eXD(f _“ ) (7)

Eq. (NollA Thr,+= alert dwell®] SNR ¥A kol

o, ri ¥ A% o ZLSH|(signal to noise ratio,
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T (4n)h RL
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Table 4. Parameter for calculating SNR

Random Failure Rate

Item | Unit
0% 5% 6% 7% 8% 9% 10%

Max 1.86 | 1.66 | 1.61 | 1.57 | 1.52 | 1.48 | 143
Min 1.86 | 1.63 | 1.59 | 1.54 | 1.49 | 1.44 | 1.40

EIRP | dBmi | 98.19 | 97.75 | 97.66 | 97.57 | 97.48 | 97.39 | 97.29

G/T | dB/K | 1.86 | 1.64 | 1.60 | 1.55 | 1.51 | 1.46 | 1.41

Mean | 1.86 | 1.64 | 1.60 | 1.55 | 1.51 | 1.46 | 1.41 Toe | 15 15
PRI s 10
_ Noute | - 2000
2.5 Zfo|ct =|of XA 2
o m 5
T/R ZE9 IFEF ot E@xA7] 7+ dBdS ks | J/K 138x10°2
3Ro15}7] QA= glo|the] EX]AES AESA QHE|L] R m Slant Range between Radar and Target
T/R BE 7AE7 APAZ 2= 9lojok it} o2 95 L | dB 15
Ao AolH 14 FISHE 4G S At v | ms Sdimis
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(Relative velocity between Radar-Target)

alert dwell® ¥AIZE Thr,= #°|t}’l coherent

processing AM83H A9 Eq. (9)9} Zo] Ale 4= 9itt.

1717"(1 = ll’l (Pfa,alert) (9)

alert dwellollA] #2jo] FA=H #29] 7= 9l &
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x T
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