DME-900 Application for Tyf cceptance Application

2.4.7 Complete Circuit Diagrams (2.983 (d) (7))

Complete circuit diagrams are found on pages 198.23 through 198.79 in the DME-S00 Component
Maintenance Manual included as Exhibit N of this application.

2.4.8 Instruction Book (2.983 (d) (8))

The DME-900 instruction book, known as the Component Maintenance Manual is included as Exhibit N of
this application.

2.4.9 Tune-up Procedures (2.983 (d) (9))

Complete tune-up procedures are found in paragraph 10, pages 198.9 through 198.13 in the DME-900
Component Maintenance Manual included as Exhibit N of this application.

2.4.10 Frequency Stability (2.983 (d) (10})

Frequency stability of the local oscillator is + 100 KHz as specified by the TSO Minimum Performance
Standards RTCA DO-151A document,
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DME-900 Application for Tyr  cceptance Application

2.4.10.1 Synthesizer/Voltage Controlled Osclllator

The synthesizer, Stabilized Master Oscillator (SMO), refer to Figure 2-7 is of the direct-divide type, using a
single crystal 8 MHz reference oscillator as a frequency source. The 8 MHz reference oscillator is divided
by 64 to produce a 125 KHz variable divider reference frequency. The 125 KHz reference frequency is
presented to one input of the phase detector. The phase detector compares this reference frequency 1o the
125 KHz loop output and produces an error signal that is filtered by the loop filter. the loop filter output is

a VCO control voltage that controls the L-Band VCO frequency.

The L-Band VCO is the primary frequency source for the DME receiver and transmitter. It generates two
identical output signals in the range of 1025 to 1150 MHz. the L-Band VCO frequency is controlled by a
closed feedback loop which consists of a divide-by-four prescaler, A variable divider, a phase detector, and
a loop filter.

8 MHZ
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. PHASE e LOOP .
= B4 > . > L - BAND —
. 125 KHZ DETECTCR ERROR FILTER els] VGO SYNTHESIZER
LOOP SIGHAL CONTROL OUTPUT
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A
VARIABLE - 4
DIVIDER 256 25 - 387 50 MHZ PRE-SCALER
SHIFT
CLOCK
SERIAL —*  FREQUENCY -
FRECIUENCY CONTROL e —
paticard EEaTEr SONTROL MONITORS
FREQUENCY REGISTER
CONTROL RETURN

Figure 2-7 Digital Frequency Synthesizer Block Diagram
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DME-900 Application for Tyf cceptance Application

2.4.10.2 Loop Operation

In addition to the synthesizer output, the L-Band VCO, provides a second output that is fed to the divide-
by-four prescaler, which produces an output signal at 256.25 to 287.5 MHz. This signal is connected to the
variable divider. The divide ratio of the variable divider is selected by the frequency control register. The
divide ratio is 2050 to 1 for channel 1 and 2300 to 1 for channel 126. The variable divider output
approximates 125 KHz. This 125 KHz output frequency is compared to the 125 KHz reference frequency
by the phase detector. If the 125 KHz output frequency differs from the 125 KHz reference frequency, the
phase detector generates an error signal which is filtered and used to correct the VCO control voltage. The
VCO control voltage output from the loop filter will correct the VCO frequency to the value necessary (o
make the 125 KHz output frequency equal to the 125 KHz reference frequency. When these two
frequencies are equal, the synthesizer output will have arrived at the required L-Band frequency.

If a new channel is selected, the divide ratio of the variable divider is changed, causing the VCO control
voltage to alter the synthesizer output frequency.

The divide ratio of the vanable divider is controlled by the frequency control register. The frequency is
serially loaded into the frequency control register from the video processor. The frequency control register
also provides a control register return signal to the monitor circuits. This signal is used during channel
changes to verify that the correct uning information was received.

2.4.11 Suppression of Spurious Radlation (2.983 (d) (11))

Refer to overall block diagram Figure 2-1 .The low-pass filter prevents the radiation of high-frequency
spurious energy through the antenna.
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3. EQUIPMENT MEASUREMENTS (2.983 (e)

3.1 RF Power Output (2,985 (a)

The DME and test equipment were connected as shown in the Figure 3-1. A peak power measurement was
made directly from the HP 8900C peak power meter using the normal calibration technique, while

observing the detected transmitter pulses on the oscilloscope. Measurements were taken withe the DME in
search mode on various channels for both X and Y mode transmissions.

JCAIR JCAIR T1200

T1203 MAAIMNTAINENCE
JUNCTION TERMNAL
DME-900 ] 115V, 400 Hz
S/N 104 ——— LAB POWER
HFBZ00C TEXTROMICS
40 dB PEAK 24324 DIGITAL
TSO TEST UNIT = ATTEMN %WE; OSCILLOSCOPE]

Figure 3-1 Transmitter Qutput Power Measurement Equipment Set-up
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DME-900 Application for Tyr ~ cceptance ipment Measurements
3.1.1 X Channel Results (GSH - 4 MARCH 94)
Channel First Pulse Second Pulse TS0 Limits ARINC Limits
1 28.4 dBw 282 dBw *> 24 dBw ** < 1 dB *> 25 dBw
12 28.6 dBw 284 dBw * 524 dBw ** < 1 dB * > 25 dBw
23 28.8 dBw 28.6 dBw *>24dBw**<1dB * > 25 dBw
34 28.9 dBw 28.7 dBw * =24 dBw ** < 1 dB *> 25 dBw
45 25.0 dBw 28.8 dBw *> 24 dBw ** < 1dB *> 25 dBw
56 28.8 dBw 28.6 dBw *>24 dBw ** < 1 dB * > 25 dBw
67 28.7 dBw 285 dBw *> 24 dBw ** < 1 dB * > 25 dBw
78 28.5 dBw 28.3 dBw *> 24 dBw ** < 1 dB *> 25 dBw
RO 28.4 dBw 28.2 dBw * =24 dBw ** < 1 dB * > 25 dBw
95 28.4 dBw 28.2 dBw *>24 dBw ** < 1 dB * > 25 dBw
100 28.4 dBw 282 dBw * > 24 dBw ** < 1 dB *>25dBw
112 28.2 dBw 28.1 dBw *>24dBw** < 1dB *> 25 dBw
126 27.9 dBw 27.8 dBw *>24 dBw ** < 1 dB * = 25 dBw
* dBw = 10 Log (P in Watts)
% imit between pulse 1 and pulse 2
3.1.2 Y Channel Results (GSH - 4 MARCH 94)
Channel First Pulse Second Pulse TSO Limits ARINC Limits
1 28.3 dBw 28.2 dBw *>24 dBw ** < 1dB *>25dBw
12 28.6 dBw 284 dBw *>24dBw**<1dB * > 25dBw
23 28.8 dBw 28.7 dBw *>24 dBw ** < 1 dB * > 25 dBw
34 28.9 dBw 28.8 dBw *> 24 dBw ** < 1 dB * > 25 dBw
45 28.9 dBw 288 dBw *> 24 dBw ** < 1 dB *> 25 dBw
56 28.8 dBw 28.7 dBw * =24 {Bw ** < 1 dB *> 25 dBw
67 28.6 dBw 28.5 dBw *> 24 dBw ** < 1 dB * > 25 dBw
78 28.5 dBw 284 dBw *> 24 dBw ** < 1 dB * > 25 dBw
5o 28.5 dBw 28.3 dBw * =24 dBw ** < 1 dB * > 25 dBw
05 284 dBw 28.3 dBw *>24 dBw ** < 1 dB * =25 dBw
100 283 dBw 28.2 dBw *% 24 dBw ** < 1 dB * > 25 dBw
112 282 dBw 28.1 dBw *>24dBw**<1dB *>25dBw
126 27.9 dBw 27.8 dBw *=>24 dBw ** < 1 dB * =25 dBw
* dBw = 10 Log (P in Watts)
** Limit between pulse 1 and pulse 2
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DME-900 Application for Ty  cceptance ipm rem

3.2 Modulation Characteristics (2.987 (d)

The DME and test equipment were connected as shown in the Figure 3-1. The peak power meter was used
to detect the transmitter pulses which were observed on the oscilloscope. Measurements were taken withe
the DME in search mode on various channels for both X and Y mode transmissions. See figures 3-2 and 3-
3 for plots of channel 1X and 1Y transmitter pulse pairs.

3.2.1 Channel 1X Pulse Characteristics (GSH - B SEPT 93)

Characteristics First Pulse Second Pulse TSO Limits
Rise Time 1.33 ps 146 ps <3.0us
Fall Time 1.63 pus _1.65 ps <3.0us
Pulse Width 3.50 ps 3.44 pus 35+05us
Pulse Top YES YES Round/Smooth

3.2.2 Channel 1Y Pulse Characteristics (GSH - 8 SEPT 93)

Characteristics First Pulse Second Pulse TSO Limits
Rise Time .34 ps - 1.36 pus <3.0us
Fall Time 1.62 pus 1.60 ps <30 us
Pulse Width 348 us 3.50 ps 35+05us
Pulse Top YES YES Round/Smooth
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Figure 3-2 Channel 1X Pulse Pairs
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A Sue B5. 8mV CH2

CH2 S@mV

CHZ2gnd |

Figure 3-3 Channel 1Y Pulse Pairs

3.3 Occupied Bandwidth (2.989 (i)

The DME and test equipment were connected as shown in the Figure 3-4.

Data was taken on channels 1X, 64X, and 126X using the built-in occupied bandwidth function of the
HP8591E Spectrum Analyzer. To determine the 250 KHz bandwidths, the data was obtained by using a
successive approximation technique with the percent power bandwidth function until the result was 250
Khz + 1 KHz.

TCADL,
T1203 — T1200
JUNCTION BOX M OFDS MODE
- ELGAR
DI\&E—Q{I} MODEL 121
SN 104 A.C. POWER SUFFLY
SPECTRUM
- [ Aot} ———— ANALYZER
TSO TEST UNIT HP 8501E

Figure 3-4 Pulse Spectrum Measurement Set-up
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DME-300 Application for Ty Acceptance Egquipmen reme
3.3.1 250 KHz Bandwidth
DME Energy within + 250 KHz TSO/ARINC
Channel of Center Frequency Limit
1 (FO=1025 MHz) 98.8% >00%
64 (FO = 1087 MHz) 04.6% =00%
126 (FO = 1150 MHZ) 96.5% =00%

3.3.2 Transmitter Spectrum

The DME TSO requirements state that the residual energy (10%) shall be equally distributed above and
below center frequency and that the energy spectrum shall decay smoothly with frequency departure from
center. Plots of the spectrums taken with the HP 8591E are shown in Figures 3-5 - 3-13 for channels 1X,
A4Y, and 126X one each of 90%, 95%, and 99% respectively. The results of the measurements taken with
the HP8591E analyzer are given below,

Results: (BME - 25 MAY 94)

Channel o0 D5, 09%
1X 330 kHz 380 kHz 662 kHz
64Y 325 kHz 385 kHz 652 kHz
126X 335 kHz 382 kHz 647 kHz
REF 18.8 48 MATTEN
gt = a8 OCCUPIED
PEAK loccurIeD (9@ 2ax) BANOWOTH
LOG OBW:| 330l @ hHE
18 F et =U. B RKHE
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& f“‘ﬁ/_“\f_“ A | ADJ CHAN
/ v \ﬁN PWR axtd
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/ m/—" ! 1 Vo e ¥ POWER
MA 55;/ \fﬁ
SC FClJ { Setup
CORR '
MEAS
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CEMTER 1. 825802 GH=
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HYBW 1 kH=
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L 1 1=]

Figure 3-5 Pulse Spectrum of Channel 1X Showing 90% Occupled Bandwidth
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REF 18.8 dBm W#ATTEN 58 dB
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Figure 3-6 Pulse Spectrum of Channel 1X Showing 95% Occupled Bandwidth
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Figure 3-7 Pulse Spectrum of Channel 1X Showing 99% Occupiled Bandwidth
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REF 18.8 dBm #ATTEN S8 4B

: DCCUPIED
PEAK jpccudieD Bi  (od. 2@x) BANDWOTH
LOG OBW:| 3258 kH
18 Fal =T =1.113 kKHE ;
d8/ Pwri 2. 9 dBm CSP pS. 88| kHz | ADJ CHAN
POWER
e
| ﬁ?ﬁ** I S o ADJ CHAN
rfﬂ Lﬂﬁ\ﬁ PWR extd
J# kL*"hx, CHANNEL
) [ y POWER
» | o
MA SB
SC FC S-tup
CORR
MEAS
OFF
CENTER 1. P8BBB@ GH=z SPAN 1.888 MHz
#RES BW 1.8 kH=x #VBW 1 kHz #SWP 20. 0 weec

Figure 3-8 Pulse Spectrum of Channel 64Y Showing 90% Occupled Bandwidth
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Flgure 3-8 Pulse Spectrum of Channel 64Y Showing 95% Occupled Bandwidth
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REF 1B.2 d8m #ATTEN 58 dB
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Figure 3-10 Pulse Spectrum of Channel 64Y Showing 99% Occupled Bandwidth
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Figure 3-11 Pulse Spectrum of Channel 126X Showing 90% Occupled Bandwidth
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Figure 3-12 Pulse Spectrum of Channel 126X Showing 95% Occupled Bandwldth
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Figure 3-13 Pulse Spectrum of Channel 126X Showing 99% Occupied Bandwidth
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3.3.3 Emission Limiations (87.139 (3))

Part 87, section 87.193 requires the transmitter power to be attenuated by 40 dB when the frequency is
removed by 250% of the authorized bandwidth. The authorized bandwidth for the DME is calculated 800
KHz (1 MHz channel seperation - 2 X 100 KHz transmitter frequency stability). The limit is then
calculated to be 2.0 Mhz. A plot of the spectrum taken with the HP 8591E is shown in Figures 3-13a for
channel 64X indicating the transmitter output to be attenuated by 40 dB 780 KHz removed from the
assigned frequency.

ATTEN 3@dB " aMKR -39.84dB
RL 28. 8dBm 1Bd B/ ~780kHz

EQEE kHzZ } 15

D[=39|84 ¢B ( \

Wy =SV

CENTER 1.888008GHz SPAN 18. 88MHz
RBW 1BBkHz UBW 108kHz ¥SWP 208. Bsac

Flgure 3-13a Pulse Spectrum of Channel 64X Showing Spectrum Width @ -40 dB
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3.4 Spurious Emissions at the Antenna Terminals (2.991)

The DME and test equipment were connected as shown in the Figure 3-14.

Data was taken on channel 64X with the unit ransmitting 100 Pulse Pairs per Second (PPS) in
maintenance mode. The 100 PPS mode was used to present a worse case scenario, 80 PPS being the
maximum interrogation rate during normal operation. The maximum magnitude of emissions allowed is
calculated to be 43 dBm based on a duty cycle of 0.08% (100 PPS X 2 Pulses X 4 micro second pulses X
100). Plots of the data taken every 550 MHz from 5.0 to 12,050 MHz are included below in Figures 3-15
through 3-38.

TCARR
Tidos - Ti200
TUMCTION BOX M CFDsE MODE
DME-900 ] ME£%21
SN 104 A.C. POWER SUPFLY
= SPECTRUM
o [} ANALYZR
TSO TEST UNIT HP B563E

Figure 3-14 Equipment Set-up For Measuring Emissions At The Antenna Port
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ATTEN 38dE aMkKR —-8@. 67dE
RL Z0. 8dBm 18dB~ —-550. 4MH=z ;
|
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DI —c@ |67 4B
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Figure 3-15 Spurious Emissions At The Antenna Port, 5.0 to 550 MHz

ATTEN 36dE aMKR -E1. 84dE
RL 28. BdBm 18dB~- =58 . SMHz

|
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'ﬁ
L
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Figure 3-16 Spurious Emissions At The Antenna Port, 500 to 1050 MHz
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ATTEN 36dB MKR 1&6.83dBm
RL 20. 8dBm ladB~- 1 88E2GHzZ
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-26 |0 {ldEm
D
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Figure 3-17 Spurious Emissions At The Antenna Port, 1,000 to 1,550 MHz

ATTEN 36dB MKR -43. @8d Bm
RL 28. 8dBm 18d B~ 1. BEB3GHz

MKR

1.B583 GHz

D=437v@ 4¢Bm
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RBW 1.8BMHz UBW 1. 8MHz ¥SWP 208. Bsec

Figure 3-18 Spurious Emissions At The Antenna Port, 1,500 to 2,050 MHz
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ATTEN 3IGdE MkR —43. 5&dEBm
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Figure 3-19 Spurious Emissions At The Antenna Port, 2,000 to 2,550 MHz
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Figure 3-20 Spurious Emissions At The Antenna Port, 2,500 to 3,050 MHz
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