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Foreword

The follow ng

i nformati on
par agraphs 2.983,

is being submtted
2.985, 2.987, 2.989, 2.991, 2.993 and 2.995 as
provi ded by part 83 of the FCC Rul es and Regul ations for

of the Koden Marine Radar

in conpliance wth

Type Accept ance
Type RA42C.

Al

testing was performed by the Koden El ectronics Co.,
Uenohara Factory,

Yanmanashi ,

Ltd.
5278, Uenohara, Uenohara-Machi, Kitatsuru-Gun,
409- 0112, Japan.



ENGINEERING TEST REFORT
ON RA42ZC KODEN MARINE RADAR

APFLICANT: KODEN ELECTRONICS CO., LTD

EQUIPMENT: MARINE RADAR

TEST SITE: UENOHARA-FACTORY OF EKODEN ELECTRONICS CO., LTD
TEST DATE: June in 2000

To: Whom it concern

Good engineearing practice were followed while performing test

for FCC type acceptance application, and the result are

accurate.

Respectfully,

Report Prepared by:

H.Iida
Engineer of Design Section

Approved by:

Y.Minegishi
Manager

Design Section



STANDARD TEST CONDI TI ONS
and
ENG NEERI NG PRACTI CES

Except as noted herein, the followi ng conditions and procedure were

observed during the testing:

ROOM TEMPERATURE =25+5e
ROOM HUM DI TY =20-50%

Prior to testing, the E.U T. was tuned up in accordance with the
manufacturer's alignment procedures. All external gain controls were
mai ntai ned at the position of maxi mum and/ or opti num gai n throughout the

testing.

MEASUREMENT DATA, unl ess ot herw se not ed, are WORST CASE

measur enents.
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Exhibit 1
RF POAER OUTPUT (2. 985)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz + 30 MHz

Frequency Source: Fi xed Cavity Resonat or

Pul se Rate: 600 Hz to 2000 Hz, Selectable as a function
of Range

Pul se W dt h: 0.11 us to 0.8 us, Selectable as a function
of Range

TEST EQUI PMENT

Equi prent Manuf act ur er Model
1. X-Band Directional Coupler Hewl et t - Packard X752D
2. Vari abl e Attenuator Hewl et t - Packard X382A
3. Power Meter ANRI TSU ML83A
4. Crystal Detector Hewl et t - Packard 423B
5. Gsci | | oscope TEKTRONI X 2445
6. Frequency neter Hewl et t - Packard X532B
7. X- Band Dummy Load NI HON KOSHUHA WDL095

TEST PROCEDURE
The Marine Radar is capable of generating the follow ng pul ses:
110ns x 2000Hz, 250ns x 1500Hz, 0.8 x 600Hz

The Power output for each of these conbinations was measured by

using the follow ng procedure:

(1) Set up the equipment as shown in Fig.1l.
(2) Record reading of Power Meter.
(3) Cal cul ate nean power according to attenuation.
(4) Measure and record pulse width and P.R F. by using oscilloscope and
frequency counter.
(5) Cal cul ate peak power as foll ows:
PO = Pm/(Fr x T)

PO : Peak Power, Pm: Mean Power, Fr : PR F.*
T : Pulse Wdth, * P.RF. : Pulse Repetition
Frequency
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TEST RESULT

Exhibit 1

Transmt Pul se Measur ed Measur ed Measur ed Cal cul at ed

wi dt h and Mean Power Pul se width P.R F. Peak power

P.R F. Qut put
110nsx2000Hz 0.91wW 120nS 2020Hz 3. 75kW
250nsx1500Hz 1. 66W 258nS 1488Hz 4., 32kW
800nsx600Hz 2.01wW 784nS 579Hz 4. 43kW



Exhibit 2

MODULATI ON CHARACTERI SI TI CS (2. 987)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz =+ 30MHz

Frequency Source: Fi xed Cavity Resonat or

Pul se Rate: 600 to 2000 Hz, Selectableas a function of
Range

Pul se W dt h: 0.11 us to 0.8 us, Selectable as a function
of Range

TEST EQUI PMENT

Equi prent Manuf act ur er Model
1. X-Band Directional Coupl er Hew ett - Packard X752D
2. Vari abl e Attenuator Hewl ett - Packard X382A
3. Power Meter ANRI TSU ML83A
4. Crystal Detector Hewl et t - Packard 423B
5. Gsci | | oscope TEKTRONI X 2445
6. Frequency neter Hewl et t - Packard X532B
7. X- Band Dummry Load NI HON KOSHUHA WDL095

TEST PROCEDURER

The Marine Radar is capable of generating the follow ng pul ses:
0.11 us x 2000 Hz, 0.25 us x 1500 Hz, 0.8 us x 600 Hz

The Mbodul ation characteristics for each of these conbinations was

measured by using the follow ng procedure:

(1) Set up the equipnent as shown in Fig.1l

(2) Cbtain a convenient display on the oscilloscope and adjust peak to
the suitable cursor line.

(3) Decrease variable attenuator 3 dB, and neasure the pulse width at
the cursor |ine.

(4) Photograph the oscill oscope display.

(5) Note and record the Frequency Readout of the counter as "Pulse

Repetition Frequency".



Exhibit 2

TEST RESULT

Modul ati on Characteristics
(Det ected Pul se)

(1) Short Pul se

Pul se width (-3 dB) = 120 ns
Pul se repetition Frequency = 2020 Hz
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Exhibit 2

TEST RESULT

Modul ati on Characteristics
(Det ected Pul se)

(2) Mddle Pulse

Pul se width (-3 dB) = 258 ns
Pul se repetition Frequency = 1488 Hz

/

A

50 ns/div.
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Exhibit 2

TEST RESULT

Modul ati on Characteristics
(Det ected Pul se)

(3) Long Pul se

Pul se width (-3 dB) = 784 ns

Pul se repetition Frequency = 579 Hz

100 ns/div.
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Exhibit 3

OCCUPI ED BANDW DTH (2. 989)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz + 30 MHz

Frequency Source: Fi xed Cavity Resonat or

Pul se Rate: 600 to 2000 Hz, Selectable as a function of
Range

Pul se W dt h: 0.11 us to 0.8 us, Selectable as a function
of Range

TEST EQUI PMENT

Equi prent Manuf act ur er Model
1. X-Band Directional Coupl er Hew ett - Packard X752D
2. Vari abl e Attenuat or Hewl ett - Packard X382A
3. X-Band Dummy Load NI HON KOSHUHA WDL095
4. Spectrum Anal yzer Anritsu M5710C

TEST PROCEDURE

The Marine Radar is capable of generating the follow ng pul ses:
110 ns x 2000 Hz, 250 ns x 1500 Hz, 800 ns x 600 Hz

The occupi ed bandwi dth for each of these conbinations was measured

by using the follow ng procedure:

(1) Connect the equipnment as shown in Fig.3.

(2) Adjust center frequency, span reference |level of spectrum analyzer
and attenuator if necessary, such that the display nearly fills the
screen.

(3) Measure and record spectrum and bandw dth

The bandwi dth is calculated so that the total powers |ower than the
| owest frequency in the bandw dth and hi gher than the highest frequency
in the bandwidth occupy 0.5% of the transmtted total power

respectively.

12
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Exhibit 3

TEST RESULT

Transm ssion Spectrum of 110 ns x 2000 Hz

Center frequency : 9.4023GHz
Frequency span : 20.0 MHz/div.
Level : 10 dB/ div.
Resol ution band wi dth : 300 kHz/ div.
Vi deo band wi dth : 1 WMHz/ div.
Sweep tine : 200 nsec/div.
Occupi ed band wi dth : 60.0 MHz

14



Exhibit 3

TEST RESULT

Transm ssion Spectrum of 250 ns x 1500 Hz

Center frequency X 9. 4023CGHz
Frequency span : 10. 0 MHz/ div.
Level : 10 dB/ div.
Resol ution band wi dth : 300 kHz/ div.
Vi deo band wi dth : 1 MHz/div.
Sweep tinme : 200 nsec/ div.
Occupi ed band wi dth : 25.6 MHz

15



Exhibit 3

TEST RESULT

Transm ssion Spectrum of 800 ns x 600 Hz

Center frequency : 9.4023GHz
Frequency span : 5.0 MHz/ div.
Level : 10 dB/ div.
Resol ution band width : 100 kHz/ div.
Vi deo band width ; 300 kHz/div.
Sweep tinme : 200 nsec/ div.
Cccupi ed band wi dth : 8.8 MHz

16



TEST RESULT

Pul se

110 ns x 2000 Hz
250 ns x 1500 Hz
800 ns x 600 Hz

Exhibit 3

17

Bandwi dt h

60.0 MHz
25.6 MHz
8.8 MHz



Exhibit 4

SPURI OQUS EM SSI ON AT ANTENNA TERM NAL (2.991)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz + 30MHz

Frequency Source: Fi xed cavity resonator

Pul se Rate: 600 Hz to 2000 Hz, Selectable as a function
of Range

TEST EQUI PMENT

Equi prent Manuf act ur er Model
1. Directional Coupler Hew et t - Packard X752D

Vari abl e Attenuat or Hewl ett - Packard X382A

Spectrum Anal yzer Anritsu M5710C

TEST PROCEDURE

The Marine Radar is capable if generating the follow ng pule:
110 ns x 2000 Hz, 250 ns x 1500 Hz, 800 ns x 600 Hz

The spurious emssion at the antenna terminal for each of these

conbi nati ons were neasured by using the follow ng procedure:

(1) Set up the equipnent as shown in Fig.2

(2) At first, the 0O dB reference level for the main Pulse was
est abl i shed.

(3) The spectrum was searched over the range 0 to 23 GHz using spectrum

anal yzer.

NOTE
The FCC Ilimt is calculated as foll ows:
Spurious limt (L)=43 + 10 Log P, in dB below the transmtter

18



out put power, where P is the nmean power output in watts (See
Exhibit 1).
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Exhibit 4

TEST RESULT

9410 MHz 0 dB

2nd -65 dB

Al l other spurious and harmonics up to 23 GHz were found to be than

-70dB bel ow maxi mum nean power, and/or 20 dB below limt.

Limt: -(43 + 10 log 2.01) = -46.0 dB

mean power:2.01 watts at 0.8 us x 600 Hz.

20



Exhibit 5

SPRI OUS EM SSI ONS FI ELD STRENGTH (2.993)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz + 30 MHz

Frequency Source: Fi xed cavity resonator

Pul se Rate: 600 Hz to 2000 Hz, Selectable as a function
of range

TEST EQUI PMENT

Equi prent Manuf act ur er Model
1. EM Measuring system Anritsu ME2601A
2. Ant enna(10 kHz « 30 MHz) AIL TECH 95010-1
3. Ant enna(30 MHz « 200 WHz) EMCO 3104( Bi coni cal)
4. Ant enna(200 MHz « 1 GHz) EMCO 3164( Log- Peri odi c¢)
5. Antenna(l GHz « 23 GHz) EMCO 3115( Doubl e Ri dged
Gui de)
Spectrum anal yzer Anritsu M5710C
Mai ns Net wor k Anritsu MN424B
CARI BRATI ON

All test equipnent is calibrated and naintained by Koden Quality

Assur ance Dept.

TEST PROCEDURE
The Marine Radar is capable of generating the follow ng pul ses:
110 ns x 2000 Hz, 250 ns x 1500 Hz, 800 ns x 600 Hz

The spurious em ssions field strength for each of these conbination

was neasured using foll ow ng procedure.

(1) Set up the equi pnent as shown in Fig.3.

(2) Using the automatic EM Measuring System nmeasure and record the
spurious radiated em ssions from 10 kHz to 1 GHz. The conputer in
the Measuring system program automatically adds antenna factors and
cable losses to the raw voltage neasurenents to obtain field

strength units.

21



(3)

Set up the equiprment as shown in Fig.4.

(4) Measure and record spurious radiated em ssions from 1l GHz to 18GHz
(antenna limt). Observe and note any em ssions from 1GHz to023 GHz.

(5) Calculate the field strength of spurious em ssions from1l GHz to 18
GHz by add in antenna factor (including cable loss) to the observed
r eadi ng.

(6) Set up the equiprment as shown in Fig.b5.

(7) Using the automatic EM Measuring system neasure and record
termnal interference voltage from 10 kHz to 30 MHz.

Not e

Spurious enission limt is calculated as foll ows:
Limt (L) = 43 +10 log P, in dB below the fundanental field
strength ,where P is the nean power output in watts (See
Exhibit 1).

Limt: -(43 + 10 log 2.01) = -46.0 dB

mean power:2.01 watts at 0.8 us x 600 Hz

22
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Test result(All data)

Frequency Measur enment Ratio to Main Refer to

Level Transm ssi on

9.410GHz 147dBu/ m 0dB Figure 4
Spuri ous 10kHz to Max. 60dBu/m -87dB Figure 3
Em ssi on 30VHz Max. 49dBu/ m -98dB Figure 3
Field 30MHz to 1GHz | Max. 60dBu/m -87dB Figure 4
Strength 1GHz to 18CGHz ( Max. (-77dB) Figure 4

18GHz to 70dBu/ m

23CHz

Ter m nal
Interference 10kHz to 73dBu (-74dB) Figure 5
Vol t age 30VHz
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Exhibit 6
FREQUENCY STABI LITY (2.995)

Type of Transm ssion: PON

Type of WModul ati on: Pul se

Frequency Band: 9410 MHz + 30 MHz

Pul se Rate: 600 Hz to 2000 Hz, Selectable as a function
of range

Pul se W dt h: 0.11 us to 0.8 us, Selectable as a function
i f Range

TEST EQUI PMENT

Equi pnment Manuf act ur er Model
1. Tenper at ure Chanber TABAI ESPEC TBL- 1. 5SHMG2AC
2. Directional Coupler Hew et t - Packard X752D
3. frequency neter Hew et t - Packard X532B
4. X- Band Dummy Load NI HON KOSHUHA WDL095
5. Vari abl e Attenuator Hew et t - Packard X382A
6. Power Meter ANRI TSU ML83A

TEST PROCEDURE

The Marine Radar is capable of generating the follow ng pul ses:
0.11 us x 2000 Hz, 0.25 us x 1500 Hz, 0.8 us x 600 Hz
The circuitry of the Radar contains a key-inhibit tinmer that
prevents transnmission unit the magnetron has warmed-up for 2 mnutes.

Consequently, all data are taken after the 2 m nutes warned-up.

(1) Set up the equipnent in the tenperature chanber as shown in Fig.6.
Set the chamber to -20+ and all ow the equi pnment to stabilize.

(2) Turn the equipnent on and neasure the transmtted frequency using
the resonate cavity frequency neter. Measure each the pul se types
at one mnute intervals until wunit stability is achieved or 10
m nut es have el apsed, whichever is |onger.

(3) Increase the chanmber tenperature by 10 and repeat step 1 and 2.

30



Continue in 10 increnents until 50 has been achieved.
(4) Measure the output frequency at room anbient tenperature follow ng
vol tages applied to the power input.

12V input: Apply 10.2V and 13. 8V
24V i nput: Apply 20.4V and 27.6V
32V input: Apply 27.2V and 36. 8V

(5) Calculate test frequency linmts fromthe foll ow ngs;

The frequency of the principal em ssion nust not be nearer to the
edge of the authorized band than 1.5/t in M1z, (where t is the
shortest pulse used, in mcro second).

t = 0.11us(nom nal)

1.5/t = 13.64 VHz

Band Limt = 9.300000 to 9.500000 GHz

Em ssion Limt =9.31364 to 9.48636 GHz

31
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TEST DATA

Tenperature Stability

Exhibit 6

Pul se Type 110nsx2000Hz 250nsx1500Hz 800nsx600Hz
Frequency( GHz) Initial Fi nal Fi nal Fi na
Tenperature(s)

-20 9.417 9.418 9.416 9.414
-10 9. 415 9.416 9.414 9.412
0 9.413 9.413 9.411 9. 409
+10 9.410 9.411 9. 409 9. 407
+20 9. 407 9. 408 9.406 9. 405
+30 9. 405 9. 405 9.403 9. 402
+40 9. 402 9. 403 9.401 9. 400
+50 9. 400 9. 400 9. 399 9. 398
Vol tage Stability
Appl i ed Vol t age(Vvdc) Initial Frequency(GHz) Fi na
Frequency( GHz)
10. 2 9. 409 9. 407
12.0 9. 409 9. 407
13.8 9. 409 9. 407
24.0 See note bel ow
27.2 9. 409 9. 407
32.0 9. 409 9. 407
36.8 9. 409 9. 407
Note: All data taken in the 110 ns x 2000Hz node.
Note: Qualification at both 12vdc qualifies 24Vdc input by

* %k *

simlarity.

Fi na

reading taken 5 mnutes following initia

33
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