iNtertek

Total Quality. Assured.

Fego Precision Industrial Co., Ltd.

SCOPE OF WORK:
47 CFR FCC Part 15.231 — Radio Spectrum report

Model:
TP50

REPORT NUMBER
201200003TWN-001

ISSUE DATE
Jun. 17, 2021

PAGES
21

DOCUMENT CONTROL NUMBER
GFT-OP-10h (28-Nov-2018)
© 2020 Intertek



INntertek

Total Quality. Assured.
Test Report

Report No.: 201200003TWN-001

Radio Spectrum
TEST REPORT

Applicant: Fego Precision Industrial Co., Ltd.
947 LIN-SEN RD WU-FONG TAI-CHUNG 413 TAIWAN R.O.C.
Product: Remote Controller
Model No.: TP50
FCCID: M8C-TP50RF433

Test Method/ Standard:

47 CFR FCC Part 15.231

Test By: Intertek Testing Services Taiwan Ltd.
Hsinchu Laboratory
No. 11, Lane 275, Ko-Nan 1 Street, Chia-Tung Li
Shiang-Shan District, Hsinchu City, Taiwan
S\, :
g, M e
— A
M e, W
/{, @ § Testing Laboratory
iy W 0597
Varont  Wei
Zero Chen Durant Wei
Engineer Reviewer

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. Intertek's
responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no liability to any party, other than
to the Client in accordance with the agreement, for any loss, expense or damage occasioned by the use of this report. Only the Client is
authorized to permit copying or distribution of this report and then only in its entirety. Any use of the Intertek name or one of its marks for
the sale or advertisement of the tested material, product or service must first be approved in writing by Intertek. The observations and test
results in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or service is or
has ever been under an Intertek certification program.

GFT-OP-10h (28-Nov-2018)

Page 1 of21



INntertek

Total Quality. Assured.
TEST REPORT

Revision History

Report No.: 201200003TWN-001

Report No.

Issue Date

Revision Summary

201200003TWN-001

Jun. 17, 2021

Original report

GFT-OP-10h (28-Nov-2018)

Page 2 of21




INntertek

Total Quality. Assured. Report No.: 201200003TWN-001

TEST REPORT
Table of Contents
1. General INfOrmMation ........oii i e e e e e e e e e e e eaa e e e e e araeeeeanes 5
1.1 Identification of the EUT .......ooii ettt e e e e 5
A AN o =Y oY o o I [T ol o e 1 o o I SRR 5
B [T Ay oY=} o | o [ PSR RPRR 6
N 1Y ) =1 Vo F= T o U UST 6
2.2 OPEIratioN MOUE . ..eviiieiiiiee ettt e et e e e e s b e e e s sataeeesssbeeeesnabaeeessnsseeeesnnns 6
2.3 Peripherals @QUIPMENT ......cci ittt e e e e s e e e ssabaee e e saraeeeennns 6
3. Radiated emission test FCC 15.231 (D) ...ccouiiiiuireiiiiiiiieiiiieeeee e eeeeiireee e e e seenbrreeeeee s e e esaanes 7
3.1 0perating ENVIFONMENT ... 7
3.2 TESt SETUP & PrOCEUUIE ...ueiiiiiiieee ettt ettt ettt e e et e e e s e e e etaa e e e e s areeeeenasaeeeesasaeasennns 7
3.2.1 Radiated emission from 9kHz to 30MHz uses Loop ANtenNna: .......ccccveeeeevvveeeeniveeeennns 7
3.2.2 Radiated emission below 1GHz using Bilog Antenna.........cccecvveeeiicieeeenciiieee s 8
3.2.3 Radiated emission above 1GHz using HOrn ANteNNa.........coeeviieeeeeiciieeeesciieeeesieee e 8
3.3 Radiated emisSiON lIMIt ......cooiiiiiieiiiiee e e e e s e e e s areeeeeenes 9
3.3.1 Fundamental and harmonics emission lIMits.........ccceeeiriiiiiiiiciiee e 9
3.3.2 General radiated emission [IMIt .........cccoiiiiiiiiiie e 9
3.4 Radiated emission test data FCC 15.231 .....oiiiiiiiiiiiiiiiee e sree e e e 10
3.4.1 Measurement results: Fundamental @miSSioN...........ceeveciieeiiiiiiee e 10
3.4.2 Measurement results: frequencies equal to or lessthan 1 GHz ........ccccooveciviveeeennnn. 11
3.4.3 Measurement results: frequency above 1GHz...........ccccceveiiiiicciiieee e, 16
4. Measured bandwidth FCC 15.231(C)uuuuuiiiiieiiiiiiiiieieee e eeciireeeeee e e eeeeeirrreeeeeeeeeeenrnrreneeeeeens 17
5. Timing requirement of manual activation operated transmitter .......ccccccoeeiciiiiieeeeeinnncnes 18
6. Conducted emission FCC 15.207 ....ccuviiiieiiieeeecciiee e ceteee e esree e s aee e e e svte e e e ssnae e e e snsaeeeennnees 19
Appendix A: Test @qQUIPMENT liSt....eeiiiiiiiiiieeie e e e re e e e e e e e e nrreaeees 20
Appendix B: Measurement UNCEITAINTY .......uueeiiiieiiiiiiiieeiee e eeccciirreeee e e e eerirrreeeeeeeeeeenrreneees 21

GFT-OP-10h (28-Nov-2018) Page 3 of 21



INntertek

Total Quality. Assured.

Report No.: 201200003TWN-001
TEST REPORT

Summary of Test Data

Test Requirement Applicable Rule Result
Radiated Emission test 15.231(b), 15.209 Pass
Measured bandwidth 15.231(c) Pass
Timing requirement of_manually operated 15.231(a)(1) Pass
transmitter
Conducted Emission test 15.207 N/A
Antenna Requirement 15.203 Pass

Note: Please note that the test results with statement of conformity, the decision rules which
are based on: Safety Testing: the specification, standard or IEC Guide 115.

Other Testing: the specification, standard and not taking into account the measurement
uncertainty.
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1. General Information

1.1 Identification of the EUT

Report No.: 201200003TWN-001

Product:

Remote Controller

Model No.:

TP50

Operating Frequency:

433.92 MHz

Channel Number:

Single channel

Rated Power:

DC 3V from battery

Power Cord: N/A

Sample receiving date: |2020/12/15

Sample condition: Workable

Test Date(s): 2020/12/18 ~ 2020/12/22

1.2 Antenna description

Antenna Type

: Printed Antenna

Connector Type : Fixed

GFT-OP-10h (28-Nov-2018)
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2. Test specifications
2.1 Test standard

The EUT was performed according to the procedures in FCC Part 2.1053 and the requirement
in FCC Part 15 Subpart C Section 15.231.

2.2 Operation mode

TX Operation: Press EUT button to transmit.

The signal is maximized through rotation and placement in the two orthogonal axes.

X axis Y axis Z axis

After verifying three axes, we found the maximum electromagnetic field was occurred at
X axis. The final test data was executed under this configuration.

2.3 Peripherals equipment

Peripherals Brand Model No. Serial No. Data cable

AAA Battery Panasonic LRO3 N/A N/A
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3. Radiated emission test FCC 15.231 (b)
3.1 Operating environment

Temperature: 21 T
Relative Humidity: 64 %

3.2 Test setup & procedure

3.2.1 Radiated emission from 9kHz to 30MHz uses Loop Antenna:

Loop
Antenna

3 meters

SRl
\4

EUT&
Peripherals

0.8m

’_| RF Test

Receiver

I
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3.2.2 Radiated emission below 1GHz using Bilog Antenna

| = Antenna
Tower

| 3 meters 1.0 ZILO meters

< P

! Receiver

Antenna
EUT & l
Peripherals
[ |
0.8m
[ I_\
Ground Plane
m L RF Test
Receiver
[ |
3.2.3 Radiated emission above 1GHz using Horn Antenna
- Antenna
Tower
3 meters
< > Horn or Bilog
1-4 meter /|| Antenna
EUT &
- Peripherals HPF and Pre-Amp.

(if necessary)

S

! Ll

Ground Plane

[ \ ]

H \H— Spectrum

Analyzer
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3.3 Radiated emission limit

3.3.1 Fundamental and harmonics emission limits

Field Strength of Fundamental Field Strength of Harmonics
Frequency (MHz)
(uV/m@3 m) | (dBuvV/m@3 m)| (uV/m@3m) | (dBuV/m@3 m)
433.92 10996.68 80.82 109.9668 60.82

3.3.2 General radiated emission limit

The spurious Emission shall test through the 10th harmonic. In addition, radiated emissions
which fall in the restricted bands, as defined in §15.205(a), must also comply with the
radiated emission limits specified in §15.209(a).

Frequency 15.209 Limits
MHz (dBpV/m@3m)
30-88 40

88-216 43.5
216-960 46
Above 960 54

Remark:

1. In the above table, the tighter limit applies at the band edges.

2. Distance refers to the distance in meters between the measuring instrument antenna and
the closed point of any part of the device or system
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3.4 Radiated emission test data FCC 15.231

3.4.1 Measurement results: Fundamental emission

Report No.: 201200003TWN-001

EUT : TP50
Frequency|Spectrum| Antenna |Correction| Reading |Corrected Limit Margin
Analyzer Factor Reading @3m

(MHz) | Detector |Polarization| (dB/m) | (dBuV) |(dBuV/m)| (dBuV/m) (dB)
433.92 PK Vertical 26.16 44.11 70.27 100.82 -30.55
433.92 AV Vertical - - 61.29 80.82 -19.53
433.92 PK Horizontal | 26.16 58.38 84.54 100.82 -16.28
433.92 AV Horizontal - - 75.56 80.82 -5.26

Remark: Correction Factor = Antenna Factor + Cable Loss

AV Corrected Reading = PK Corrected Reading + Duty cycle correction factor (-8.98)
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3.4.2 Measurement results: frequencies equal to or less than 1 GHz

EUT : TP50
9kHz — 30MHz
Antenna Frequency |Spectrum|CorrectionReading|Corrected| Limit Margin
Analyzer | Factor Reading | @3 m
Polarization (MHz) |Detector| (dB/m) |(dBuV) |(dBuV/m)| (dBuV/m)| (dB)
Perpendicular 0.19 AV 18.13 51.44 | 69.56 102.03 -32.47
Perpendicular 0.37 AV 18.49 39.73 58.22 96.24 -38.02
Perpendicular 0.79 QP 18.45 31.34 | 49.79 69.65 -19.86
Perpendicular 1.87 QP 18.47 14.18 | 32.65 69.54 -36.89
Perpendicular 3.37 QP 18.62 13.20 | 31.81 69.54 -37.73
Perpendicular 6.07 QP 19.77 11.55 31.32 69.54 -38.22

Remark: Corr. Factor = Antenna Factor + Cable Loss

Level (dBu¥/m)
20—

1an -

B0 -

il -
40 -
20 -

1-
o 2 4 & B W0 I 14 16 16 M @ 24 2 2 A0
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Antenna Frequency |Spectrum|CorrectionReading|Corrected| Limit Margin
Analyzer | Factor Reading | @3 m
Polarization (MHz) |Detector| (dB/m) |(dBuV) |(dBuV/m)| (dBuV/m)| (dB)
Parallel 0.01 AV 18.28 67.56 | 85.84 127.60 -41.76
Parallel 0.07 AV 18.36 55.53 73.89 110.70 -36.81
Parallel 0.49 AV 18.44 41.64 | 60.08 93.80 -33.72
Parallel 0.85 QP 18.46 32.39 50.85 69.02 -18.17
Parallel 2.41 QP 18.48 12.88 | 31.36 69.54 -38.18
Parallel 4.15 QP 18.90 12.25 31.15 69.54 -38.39

Remark: Corr. Factor = Antenna Factor + Cable Loss

Lewvel ([dBui i)

120~

1an -

B0 -

Al -

40 -

20 -
1o-

i

P
i
- .
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Antenna Frequency |Spectrum|CorrectionReading|Corrected| Limit Margin

Analyzer | Factor Reading | @3 m
Polarization (MHz) |Detector| (dB/m) |(dBuV) |(dBuV/m)| (dBuV/m)| (dB)

Ground-parallel 0.13 AV 17.91 54.64 | 72.55 105.33 -32.78
Ground-parallel 0.43 AV 18.46 39.58 | 58.05 94.93 -36.88
Ground-parallel 0.79 QP 18.45 32.33 50.78 69.65 -18.87
Ground-parallel 2.17 QP 18.47 14.41 32.88 69.54 -36.66
Ground-parallel 5.23 QP 19.34 12.53 31.86 69.54 -37.68
Ground-parallel 7.69 QP 19.79 11.87 31.66 69.54 -37.88

Remark: Corr. Factor = Antenna Factor + Cable Loss

Lervel (dBui fon)
10—

Lo -
1

I

B0 -

al -
a0

20—

-t
0

[
-
= LR
==

{MHz)
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30MHz - 1GHz
Frequency|Spectrum|Correction . Corrected Limit .
Antenna Reading . Margin
.. Analyzer | Factor Reading @3m
Polarization (dBuV) (dB)
(MHz) |Detector | (dB/m) (dBuV/m) | (dBuV/m)
Vertical 51.34 Qp 21.93 0.43 22.36 60.82 -38.46
Vertical 159.98 QP 21.94 1.61 23.55 60.82 -37.27
Vertical 286.08 QP 22.43 0.75 23.18 60.82 -37.64
Vertical 592.60 QP 29.38 1.65 31.04 60.82 -29.78
Vertical 730.34 QP 31.69 3.31 35.01 60.82 -25.81
Vertical 867.84 QP 33.75 8.34 42.09 60.82 -18.73
Remark: Corr. Factor = Antenna Factor + Cable Loss
Level {dBuV/m)
?2:
60 -
7
50 & |_
40—_[—2] 3 :. WW
1 =
A MW
20-
10-
0-
-B—I i i i i i i i i i i
30100 200 300 400 500 600 200 §00 900 1000
{(MHz)
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Frequency Spectrum Correction Corrected Limit
Antenna Reading . Margin
.. Analyzer | Factor Reading @3m
Polarization (dBuv) (dB)
(MHz) |Detector | (dB/m) (dBuV/m) | (dBuV/m)
Horizontal 159.98 QP 21.94 2.35 24.30 60.82 -36.52
Horizontal 375.32 QP 24.65 2.24 26.88 60.82 -33.94
Horizontal 418.00 QP 25.76 3.39 29.15 60.82 -31.67
Horizontal 590.66 QP 29.34 1.82 31.16 60.82 -29.66
Horizontal 730.34 QP 31.69 2.17 33.87 60.82 -26.95
Horizontal 867.84 QP 33.75 18.77 52.51 60.82 -8.31
Remark: Corr. Factor = Antenna Factor + Cable Loss
Level (dBuV/im)
?2:
7
60 -
= . f ‘ [—
| i ff " g 3
40_ 1 = W\f
30 - 2 MW
20-
10 -
0-
-B_I 1 TS| | | I | i i i 1
30100 200 300 400 500 600 700 B00 900 1000
{(MHz)
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3.4.3 Measurement results: frequency above 1GHz

Report No.: 201200003TWN-001

EUT : TP50
Test condition : Tx mode
Frequency | Spectrum | Antenna |Correction| Reading | Corrected Limit Margin
Analyzer Factor Reading @3m

(MHz) Detector | Polarization | (dB/m) | (dBuV) |(dBuV/m) | (dBuV/m)| (dB)
1301.76 PK \ -10.31 51.60 41.29 74.00 -32.71
1735.68 PK \Y -8.24 50.78 42.54 80.82 -38.28
2169.60 PK \ -5.90 48.98 43.08 80.82 -37.74
2603.52 PK \ -3.12 62.52 59.40 80.82 -21.42
3037.44 PK \ -1.88 56.18 54.30 80.82 -26.52
3471.36 PK \ -2.14 42.05 39.91 80.82 -40.91
3905.28 PK \ 0.83 39.22 40.05 74.00 -33.95
4339.20 PK \ 3.68 34.19 37.87 74.00 -36.13
1301.76 PK H -10.31 61.45 51.14 74.00 -22.86
1735.68 PK H -8.24 58.50 50.26 80.82 -30.56
2169.60 PK H -5.90 58.71 52.81 80.82 -28.01
2603.52 PK H -3.12 71.92 69.60 80.82 -11.22
2603.52 AV H - - 60.62 60.82 -0.20
3037.44 PK H -1.88 64.81 63.50 80.82 -17.32
3037.44 AV H - - 54.52 60.82 -6.30
3471.36 PK H -2.14 51.61 49.47 80.82 -31.35
3905.28 PK H 0.83 47.47 48.31 74.00 -25.69
4339.20 PK H 3.68 41.92 45.60 74.00 -28.40

Remark: Correction Factor = Antenna Factor + Cable Losss + High Pass Filter Loss - Pre_Amplifier Gain

AV Corrected Reading = PK Corrected Reading + Duty cycle correction factor (-8.98)
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Report No.: 201200003TWN-001

4. Measured bandwidth FCC 15.231(C)

The bandwidth of the emission shall be no wider than 0.25% of the center frequency for
devices operating above 70MHz and below 900MHz. Bandwidth is determined at the points

20dB down from the modulated carrier.

B.W(20dB) Limit = 0.25% x f(MHz) = 0.25% x 433.92 MHz = 1.085 MHz

From the plot, the bandwidth is observed to be 283.7 kHz at 20dB, where the bandwidth

limit is 1.085 MHz.

Please see the plot bel

OWw.

Frequenc Zoule Limit
Mode (I?/IHz) y Bandwidth (MH2) Result
(MHz)
Pulse 433.92 0.284 1.085 Pass
Bandwidth

ALIGN AUTO

12:32:11 PMDec 22, 2020

]

10 dBidiv

#IFGain:Low

Ref Offset 20 dB
Ref 10.00 dEm

Center Freq: 433.922680 MHz
Trig: Free Run Avg|Held:>100/100
#Atten: 10 4B

Radio Std: None

Radio Device: BTS

Log
0.00

-10.0

-20.0

-30.0

-40.0

-50.0

-60.0

-70.0

-60.0

Center 433.9 MHz
#Res BW 100 kHz

x dB Bandwidth

usG | L) Alignment Completed

Transmit Freq Error

Occupied Bandwidth

245.69 kHz

6.905 kHz
283.7 kHz

#VBW 300 kHz

Total Power -8.81 dBm
OBW Power 99.00 %
x dB -20.00 dB

STATUS

Span 1 MHz
Sweep 1ms
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5. Timing requirement of manual activation operated transmitter

A transmitter manual activation shall cease transmission within 5 seconds after activation

Transmitter pulse duration

Agilent Spectrum Analyzer - Swept SA

L RF 0%  DC SEMSE:IMT ALIGH AUTO 04:07:35 PMDec 22, 2020
[Center Freq 433.920000 MHz ] Avg Type: Log-Pwr WCE[L 3056
PNO: Fast =~ Trig:Free Run THPE WAk
P MMEM M
I IFGain:Low Atten: 10 dB DET
Ref Offset 20 dB AMkr2 5.000 g
1L%;iBldiv Ref 20.00 dBm -40.86 dB
100
0.00
-10.0
200
-30.0
-40.0 .
-50.0
E|
-70.0
Center 433.920000 MHz Span 0 Hz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 8.000 s (1001 pts)
T % [ v [ FNCUN [ FURCIONWD C
696.0 ms £.83 dBm
A1 t (A 5000s (A)  -40.86 dB
3
4
5
5
7
g
9
10
1
12
—
MSG STATUS
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6. Conducted emission FCC 15.207

Since the EUT is not connected to AC source, therefore, the test can be waived.
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Appendix A: Test equipment list

Report No.: 201200003TWN-001

Test Calibration Next
Equipment/ Brand Model No. Serial No. Calibration
. Date
Test site Date
EMI Test
Receiver Rohde & Schwarz ESR-7 101232 2020/01/18 | 2021/01/16
Signal Analyzer Agilent N9030A MY51380492 | 2020/08/17 | 2021/08/16
Active Loo SCHWARZBECK
P MESS-ELEKTRONI FMZB1519 1519-067 2020/04/13 2021/04/12
Antenna C
Broadband
SHWARZBECK VULB 9168 9168-172 2020/06/02 2021/06/01
Antenna
Horn Antenna SHWARZBECK BBHA 9120 D 9120D-456 2020/01/20 2021/01/18
Pre-Amplifier | SCHWARZBECK BBV9718 9718-004 2020/10/15 | 2021/10/14
966-2(A) Cable SUHNER SMA / EX 100 N/A 2020/08/17 | 2021/08/16
966-2(B) Cable SUHNER SUCOFLEX 104P CB0O005 2020/08/17 | 2021/08/16
966-2_3m
Semi-Anechoic 966_2 CEM-966_2 N/A 2020/02/23 2021/02/22
Chamber
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Appendix B: Measurement Uncertainty

This uncertainty represents an expanded uncertainty expressed at approximately the 95 %

confidence level using a coverage factor of k=2.

Item Uncertainty
Fundamental emission 4.29 dB
20dB Bandwidth 7.69 %
0.01118
Frequency stabilit
q Y % ppm
In band Radiated Emission 1.15dB
Radiated disturbances from 9kHz~30MHz in a semi-anechoic chamber at
. 3.32dB
a distance of 3m
Vertically polarized radiated disturbances from 30MHz~1GHz in a
. . . 5.10dB
semi-anechoic chamber at a distance of 3m
Horizontally polarized radiated disturbances from 30MHz~1GHz in a
. . . 5.18 dB
semi-anechoic chamber at a distance of 3m
AC Power Line Conducted Emission 2.52 dB
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