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Laird -,

Laird Technologies Test Services in Review

The Laird Technologies, Inc. laboratory located at W66 N220 Commerce Court Cedarburg, Wisconsin,
53012 USA is recognized through the following organizations:

(I

lACCREDITEDI

TESTING CERT #1255.01

A2LA - American Association for Laboratory Accreditation
Accreditation based on ISO/IEC 17025: 2005 with Electrical (EMC) Scope
A2LA Certificate Number: 1255.01
Scope of accreditation includes all test methods listed herein, unless otherwise noted.

C

Federal Communications Commission (FCC) — USA
Accredited recognition of two 3 meter Semi-Anechoic Chambers

Accredited Test Firm Registration Number: 953492

I * Government
of Canada
Innovation, Science and Economic Development Canada
ISED Site listing of two 3 meter Semi-Anechoic Chambers based on RSS-GEN — Issue 4

File Number: IC 3088A-2
File Number: IC 3088A-3

Company: Caterpillar Inc Name: USB Wireless Adapter
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1 TEST REPORT SUMMARY

During 12/19/17 — 1/15/18 the Equipment Under Test (EUT), PQMWIFIBT, as provided by Caterpillar
Inc. was tested to the following requirements:

FCC: 15.247 (a)(2)

Digital Modulation System 6 dB bandwidth 500 kHz KDB 558074 Pass
IC: RSS-247 5.2 (a)
FCC: 2.1049

Occupied Bandwidth Reported KDB 558074 Pass
IC: RSS-GEN 6.6
FCC: 15.247 (b)(3)

Maximum Conducted Output Power 30 dBm KDB 558074 Pass
IC: RSS-247 5.4 (d)
FCC: 15.247 (e)

Digital Modulation System Power Spectral Density 8 dBm /3 kHz KDB 558074 Pass
IC: RSS-247 5.2 (b)
FCC: 15.247 (d RF Spurious Emissi ttheT itter Ant

(d) p'urlous missions at the Transmitter Antenna 20 dBc KDB 558074 Pass

IC: RSS-247 5.5 Terminal
FCC: 15.247 (d) . . o . . FCC 15.209

Spurious Radiated Emissions in Restricted Bands ANSI C63.10 Pass
IC: RSS-GEN 8.10 RSS-GEN 8.9
FCC: 2.1055 (d) .

Frequency Stability Reported ANSI C63.10 Pass
IC: RSS-GEN 6.11
FCC: 15.207

AC Power Line Conducted Emissions 0.150-30 MHz ANSI C63.10 N/A
IC: RSS-GEN 8.8

Notice:

The results relate only to the item tested and described in this report. Any modifications made to the
equipment under test after the specified test date(s) may invalidate the data herein.

If the resulting measurement margin is seen to be within the uncertainty value, as listed in this report,
the possibility exists that this unit may not meet the required limit specification if subsequently tested.

Company: Caterpillar Inc Name: USB Wireless Adapter
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2 CLIENT INFORMATION
Company Name Caterpillar Inc.
Contact Person Michael Caruthers
Caterpillar Inc.
Address 100 North East Adams Street
Peoria, IL 61629
2.1 Equipment Under Test (EUT) Information

The following information has been supplied by the client

Product Name USB Wireless Adapter

Model Number WIFIBT

Serial Number

Radiated Emission Units: LKOX001Q12, LKOX001G12
Conducted RF Unit: LKOX001712

FCC/ICID

FCC ID: PQMWIFIBT
ICID: 4071A-WIFIBT

2.2

Product Description

The USB Wireless Adapter is a mobile device mounted on a vehicle/machine in order to provide
Wi-Fi and Bluetooth Low Energy local connectivity. The Wi-Fi connectivity is to enable local basic
diagnostic and service functionality allowing connection to the asset to monitor the health of the
machine. The Bluetooth Low Energy connectivity is used for other sensing and detection. The
Adapter connects to the existing Caterpillar network manager via a USB 2.0 interface. All
processing capability resides on the network manager.

2.3 Modifications Incorporated for Compliance
Cable implemented to separate module from host board units.
2.4 Deviations and Exclusions from Test Specifications
None noted at time of test
2.5 Additional Information
EUT programmed via ethernet connection to host board, which is connected to the unit via USB
cable. Unit is programmed with the Caterpillar_USB_Adapter_Compliance_App_1749 program.
Module is provided with 5V dc power from the host board.
Company: Caterpillar Inc Name: USB Wireless Adapter
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2.6 BLE Information

Unit tested at output power settings of 9 and -18, as the unit has a variable output power. The
unit was tested at 2402 MHz, 2440 MHz, and 2480 MHz.

Company: Caterpillar Inc Name: USB Wireless Adapter
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3 REFERENCES

CFR 47 Part 15 - 2017
ANSI C63.10 = 2013
RSS-247 2 2017
RSS GEN 4 2014
KDB 558074 4 2017
Company: Caterpillar Inc Name: USB Wireless Adapter
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4 UNCERTAINTY SUMMARY

Using the guidance of the following publications the calculated measurement uncertainty represents an expanded
uncertainty expressed at approximately the 95 % confidence level, using a coverage factor of k = 2.

CISPR 16-4-1 Ed. 2 (2009-02)
CISPR 16-4-2 Ed. 2 (2011-06)
CISPR 32 Ed. 1(2012-01)
ANSI C63.23 2012
A2LAP103 February 4, 2016
A2LA P103c August 10, 2015
ETSI TR 100-028 V1.3.1(2001-03)

Radiated Emissions Biconical Antenna 5.0dB
Radiated Emissions Log Periodic Antenna 5.3dB
Radiated Emissions Horn Antenna 4.7 dB

AC Line Conducted Emissions Artificial Mains Network 3.4dB
Telecom Conducted Emissions Asymmetric Artificial Network 4.9dB
Disturbance Power Emissions Absorbing Clamp 4.1dB
Radiated Immunity 3 Volts/meter 2.2dB
Conducted Immunity CDN/EM/BCI 2.4/3.5/3.4dB
EFT Burst/Surge Peak pulse voltage 164 volts
ESD Immunity 15 kV level 1377 Volts

Radio Frequency, from FO 1x107 0.55x107
Occupied Channel Bandwidth 5% 2%
RF conducted Power (Power 1.5 dB 1.2 dB
Meter)

RF conducted emissions

(Spectrum Analyzer) el L7 el
All emissions, radiated 6.0dB 5.3dB
Temperature 1°C 0.65°C
Humidity 5% 29%
Supply voltages 3% 1%
Company: Caterpillar Inc Name: USB Wireless Adapter
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5 TEST DATA

5.1 Antenna Port Conducted Emissions

Laird

Description of
Measurement

The direct measurement of emissions at the antenna port of the EUT is achieved by

use of a RF connection to a spectrum analyzer or power meter.

The cable and attenuator factors are loaded into the analyzer or power meter
allowing for direct measurement readings without the need for further corrections.

Example
Calculations

Measurement (dBm) + Cable factor (dB) + External Attenuator (dB) = Corrected

Reading (dBm)

Margin (dB) = Limit (dBm) — Corrected Reading (dBm)

Block Diagram

EUT

RF Cable

Company: Caterpillar Inc
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5.1.1 Antenna Port Conducted Emissions — DTS/99% Bandwidth

Operator Shane Dock
Test Date 12/27/17
Location Conducted RF Area

Temp./R.H. 70 degrees Fahrenheit/23% RH

FCC 15.247 (a)(2)

Requirement | ooc 24752 (a)
KDB 558074 Section 8.2
Method ANSI C63.10 Section 6.9.2
Limits:

0.5

Test Parameters

Frequency 2402-2480 MHz
EUT Unit Tested on Low, Mid, and High Channel
Instrumentation

Laird 5,

‘Smart Technology. Delivered.

Date : 28-Dec-2017 Test: Conducted RF Measurements Job : C-2894
PE: Shane Dock Customer : Caterpillar Quote : 317399
[No.] Asset Description Manufacturer | Model Serial Cal Date Cal Due Date | Equipment Status
1 AA 960143 Cable Gore EKD01D01048.0 5546519 11/15/2017 11/15/2018 Active Verification
2 EE960085 Analyzer - EM Receiver Agilent NO038A MY 51210148 5/12/2017 5/12/2018 Active Calibration

Table
6 db BW
(kHz) 686.1 683.7 682.7
(o)
28 B 1032.8 1032.3 1033.5
(kHz)

Worst Case Margin = Closest Measurement — Limit = 682.7 kHz — 500kHz = 182.7 kHz

Company: Caterpillar Inc Name: USB Wireless Adapter
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Plots

Aot Sgectrum Ansbyres - Occupted BW

Span 2.0000 MHz L IS Radio Std: None
Ext Gain: 9000 48 Radie Device: BTS

Ref 20.00 dBm

Center 2402 GHz
SRes BW 100 kHz SVBW 300 kHz
Occupled Bandwidth Total Power
1.0416 MHz
Transmit Freq Error ~15.330 kHz OBW Power
x dB Bandwidth 686.1 kHz x dB

Mgt Spmctrum Anyres - Oxcupied EW
VBW 300.00 kHz Conter Freq: 2440000000 GHz

Ext Gain: -90.00 48

Ref 20.00 dBm

Center 244 GHz
SRes BW 100 kHz SVBW 300 kHz
Occupled Bandwidth Total Power
1.0409 MHz
Transmit Freq Error -16.157 kHz OBW Power
x dB Bandwidth 683.7 kHz xdB

™

Cantar Freq: 2480300000 Gz Radie Std: None
Trig: Free Run Avgiiold:
SAtten: 96 48 Ext Gain: 9000 48 Radie Device: BTS

Ref 20.00 dBm

Center 248 GHz
SRes BW 100 kHz SVBW 300 kHz
Occupled Bandwidth Total Power
1.0415 MHz
Transmit Freq Error ~16.546 kHz OBW Power
x dB Bandwidth 682.7 kHz x dB

Aot Sgectrum Anstyrer - Occupted BW

Cantar Freq: 2402000000 OHz Radie Std: None
Trig: Free Run AvgiHold:
SAtten: 96 48 Ext Gain: 9000 48 Radie Device: BTS

VBW 91.000 kHz

Ref 20.00 dBm

Center 2402 GHz Span 2 MHz
SRes BW 30 kHz SVBW 91 kHz Sweep 2.133ms
Occupled Bandwidth Total Power
1.0328 MHz
Transmit Freq Error -12.077 kHz OBW Power
x dB Bandwidth 676.4 kHz x dB

Aot Sgectrum Anabyres - Occupted BW

Cantar Freq: 2440300000 GHz Radse Std. None
Trig: PFree Run Avgiiold> %10
Ext Gain: 9000 48 Radie Device: BTS

Center Freq 2.440000000 GHz

Ref 20.00 dBm

Center 244 GHz Span 2 MHz
#Res BW 30 kHz SVEBW 91 kHz Sweep 2.133ms|

Occupled Bandwidth Total Power 4.58 dBm
1.0323 MHz

Transmit Freq Error -12.707 kHz OBW Power

x dB Bandwidth 676.6 kHz xdB

99% BW (Low)

Aot Sgectrum Anabyres - Occupted BW

Cantar Freq: 2480000000 GHz Radie S1d. None
Trig: Free Run AvgiHold> %10
Ext Gain: 9000 48 Radie Device: BTS

VBW 91.000 kHz

Ref 20.00 dBm

Center 248 GHz Span 2 MHz
SRes BW 30 kHz SVBW 91 kHz Sweep 2.133 ms|
Occupled Bandwidth Total Power
1.0335 MHz
Transmit Freq Error -13.124 kHz OBW Power
x dB Bandwidth 676.7 kHz xdB

99% BW (Mid)

99% BW (High)

Company: Caterpillar Inc
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5.1.2 Antenna Port Conducted Emissions — Conducted Output Power

Laird

Operator Shane Dock
Test Date 1/10/18, 1/15/18
Location Conducted RF Area

Temp./R.H. 70 degrees F/34%

FCC: 15.247 (b)(3)

Requirement IC: RSS-247 5.4 (d)

Method KDB 558074 Section 9.1.1

Limits: (Measured as Average)

30 1

Test Parameters

Frequency 2402-2480 MHz
Settings Low, Mid, and High Channels Measured
Settings Unit measured at full power and minimum power
Table
Max Power (dBm)
Output 8.781 8.608 8.506

Power (dBm)

Min Power (dBm)

Output
Power (dBm) -17.852 -17.910 -17.957

Worst Case Margin = Limit - Closest Measurement = 30.0 dBm —8.781 dBm = 21.219 dB

Company: Caterpillar Inc Name: USB Wireless Adapter
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Plots

Maximum Power

Aot Spoxctrim Analyrer - Swegt SA

[Marker 1 2.401885246175 GHz - - Pesk Search
P e Trig: Free Run > 10100
WGuntow *Atten: 20 48
NextPeak.
Ref 20.00 dBm

Center 2401977 GHz Span 9.000 MHz
#Res BW 3.0 MHz SVEBW 50 MHz Sweep 2.000 ms (30000 pts))

Aot Sgmctrum Anwtyres - St SA

Marker 1 2.439806943565 GHz Avg Type: Log-Pur
PR T 9201100

Ref 20.00 dBm

Center 2.440000 GHz
#Res BW 3.0 MHz

W Trig: Free Run Avgiroid>
Wonniow * Atten:20 68 £xt Gain: 10,00 48

Low Channel

Mid Channel

Marker 1 2.479700440015 GHz Avg Type: Log-Pur
TR0 Test o) Trig:Free Run Avgliold> 9001100
1 Gl ow Atten: 20 68 Ext Gain: -90.00 48

Ref 20.00 dBm

Center 2.480000 GHz Span 9.000 MHz'
#Res BW 3.0 MMz SVBW 50 MMz Sweep 2.000 ms (30000 pts)

High Channel

Company: Caterpillar Inc
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Minimum Power

Aot Spexctrum Anatyree - Sweyt SA At Syt um Ay e Smeid SA

[Marker 1 2.401769742325 GHz
O

— 4001100
PREAMP W Gaind ow - PREA

Ref -5.00 dBm 1 2 v Ref -5.00 dBm

[Center 2402000 GHz Span 9.000 MHz Center 2.440000 GHz
#Res BW 3.0 MHz SVBW 50 MHz Sweep 2.000 ms (30000 pts)| #Res BW 3.0 MHz

Marker 1 2.439965048835 GHz
Gl

Avg Type: LogPur
AvgiHold> 101100
31 Gain: 90,00 48

Span 9.000 MHZ.
SVBW 50 MHz Sweep 2.000 ms (30000 pts)

Low Channel

Mid Channel

Marker 12.479656038535 GHz Avg Type: LogPur
a0 Tes o Trig:Pree Run AvgiHold> 300100
i WGuntow * Atten: 16 68 Ext Gain: 90,00 48

Ref -5.00 dBm

Center 2.480000 GHz Span 9.000 MHz.
#Res BW 3.0 MHz SVBW 50 MHz Sweep 2.000 ms (30000 pts)

High Channel

Company: Caterpillar Inc

Report: 317399 A Page 14 of 31
Job: C-2894

Name: USB Wireless Adapter
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5.1.3 Antenna Port Conducted Emissions — Power Spectral Density

Operator Shane Dock
Test Date 1/10/18, 1/15/18
Location Conducted RF Area

Temp./R.H. 70 degrees F/34%

FCC: 15.247 (e)

Requirement - 2cs 247 5.2 (b)

Method KDB 558074 Section 10.2
Limits:
8

Test Parameters

Frequency 2402-2480 MHz

Settings Low, Mid, and High Channels Measured

Settings Unit measured at full power and minimum power
Table

Maximum Power

PSD (dBm) -6.312 -6.506 -6.586

Minimum Power

PSD (dBm) -18.379 -18.478 -18.507

Worst Case Margin = Limit - Closest Measurement = 8 dBm — (-6.312) dBm = 14.312 dB

Company: Caterpillar Inc Name: USB Wireless Adapter
Report: 317399 A Page 15 of 31 Model: See Section 2
Job: C-2894 Serial: See Section 2
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Maximum Power

At Sy trum Anabyrre Syt S Aot Spextrum Aabyrer - Swept SA

Marker 1 2.401958438115 GHz Avg Type: LogPur .. Posk Search Marker 12.439957923097 GHz Avg Type: Log Pur
G A > N0 Wide L

Vo Trig:Free Run
¥Gamtow ~ Amten 20 68 Ext Gain: -3.00 4B Gaintow * Aten: 20 48

vgHold
Ext Oain: -30.00 48

Ref 20.00 dBm 3.312 v Ref 20.00 dBm

Center 2.4020000 GHz Span 1.030 MHz Center 24400000 GHz Span 1.030 MHz
#Res BW 3.0 kHz #VBW 300 kHz Sweep 106.0 ms (30000 pts)| #Res BW 3.0 kHz #VBW 300 kHz Sweep 106.0 ms (30000 pts)|

Low Channel Mid Channel

Marker 12.479957854428 GHz Avg Type: Log Pur
TR0, Whde To Avghiold> 100190
B Galnt ow 8 Ext Oain: -30.00 48

Ref 20.00 dBm

Center 24800000 GHz Span 1.030 MHz
#Res BW 3.0 kHz #VBW 300 kHz Sweep 106.0 ms (30000 pts)

High Channel

Company: Caterpillar Inc Name: USB Wireless Adapter
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Minimum Power
Agiert Spectrum Anabyrer - Sewegt SA

[Marker 1 2.401993081603 GHz Avg Type: Log-Pur Marker 1 2.439992257575 GHz Avg Type: Log-Pur
Trig Free Run AvgiHeld> 105100 3 Trig: Free Run Avgliold> 9301100
Acten: 30 68 Atten: 30 68 Ext Gain: -90.00 48

Ext Gale: 1000 68 pi s W Gaimtow

Ref 10.00 dBm 18.37 Ref 10.00 dBm

Center 24020000 GHz Span 1.030 MHz Center 2.4400000 GHz Span 1.030 MHz
#Res BW 100 kHz SVEW 300 kHz Sweep 2.000 ms (30000 pts) #Res BW 100 kHz SVBW 300 kHz Sweep 2.000 ms (30000 pts)

Low Channel Mid Channel

Marker 1 2.479993081603 GHz
Av 1001100
Ext Gain: -10.00 €8

Ref 10.00 dBm

Center 2.4800000 GHz Span 1.030 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.000 ms (30000 pts)|

High Channel

Company: Caterpillar Inc Name: USB Wireless Adapter
Report: 317399 A Page 17 of 31 Model: See Section 2
Job: C-2894 Serial: See Section 2
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5.1.4 Antenna Port Conducted Emissions — Tx Conducted Spurious

Operator Shane Dock
Test Date 1/10/18, 1/15/18
Location Conducted RF Area

Temp./R.H. 70 degrees F/34%

FCC: 15.247 (d)

Requirement IC: RSS-247 5.5

Method KDB 558074 Section 11

Limits:

Test Parameters

Frequency 30-25000 MHz
Settings 100k RBW/ 300k RBW
EUT Low, Mid, High Checked at Max and Min Power

Worst Case Margin = Limit - Closest Measurement = (7.985 dBm — 20 dB) — (-41.634 dBm) = -12.015
dBm —(-41.634 dBm) = 29.619 dB

Company: Caterpillar Inc Name: USB Wireless Adapter
Report: 317399 A Page 18 of 31 Model: See Section 2
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Plots

Aghent Spextrum Aabyzee - St SA

Marker 12.401993081603 GHz Avg Type: Log-Pur

Avgitela> 106100

Ext Galn: -10.00 €8
Mkr1

Ref 10.00 dBm

Center 24020000 GHz
#Res BW 100 kHz

Span 1.030 MHz

SVEW 300 kHz

Sweep 2.000 ms (30000 pts))

Reference Levels

Avg Type: Log-Pur
Avgiold> 1001100

Ext Gain: -90.00 48

Ref 10.00 dBm

Center 2.4400000 GHz
#Res BW 100 kHz

Span 1.030 MHz

SVBW 300 kHz Sweep 2.000 ms (30000 pts)

Low Channel (Low Power)

Marker 1 2.479993081603 GHz
TN

PRE A

Avg Type: Log-Pur
Trig: Frea Run Avghieid> 103100

WGaintow * Atten: 30 48

Ref 10.00 dBm

Center 2.4800000 GHz
#Res BW 100 kHz

Span 1.030 MHz
#VEW 300 kHz

Sweep 2.000 ms (30000 pts)

Mid Channel (Low Power)

Mgt Sgwctrim Anyree - Swryt SA

Avg Type: LogPur
Avaiiiod> 100190
Ext Gain: 0,00 48

Marker 1 2.401999090136 GHz
V0.

Ref 20.00 dBm

Center 2.4020000 GHz
#Res BW 100 kHz

Span 1.030 MHz

#VBW 300 kHz Sweep 2.000 ms (30000 pts)

High Channel (Low Power)

Aghent Spectrum Abyrer - St SA

Avg Type: LogPur
Avgiiold> 100130
Ext Gain: -10.00 4B

Marker 1 2.439997888430 GHz
TNO Wide

B Galact ow

Trig: Free Run
Acten: 20 48

Ref 20.00 dBm

Center 24400000 GHz
#Res BW 100 kHz

Span 1.030 MHz

#VBW 300 kHz Sweep 2.000 ms (30000 pts)

Low Channel (High Power)

Avghiold> 10090
Ext Gain: -10.00 48

Marker 1 2.479996034368 GHz
TNO Wide

B Galact ow

Trig: Free Run

> Aten: 20 48

Ref 20.00 dBm

Center 24800000 GHz
#Res BW 100 kHz

Span 1.030 MHz

#VBW 300 kHz Sweep 2.000 ms (30000 pts)

Mid Channel (High Power)

High Channel (High Power)

Company: Caterpillar Inc

Report: 317399 A
Job: C-2894

Name: USB Wireless Adapter
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Agtent Spextrum Anadyrer St SA

Marker 1 960.002333411 MHz Avg Type:
o Trig: Free Run Avgireis

Pt A Ao 16 48 Ext Galn: -10.00 €8

Ref -5.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

SVEW 300 kHz

Sweep 94.00 ms (30000 pts)|

30-1000 MHz

Marker 1 960.002333411 MHz Avg Type: LogPur
G AvgiHold: 641100

vgiHol
ot pser 1 Golect ow Ext Gain: -90.00 48

Ref -5.00 dBm

if

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

SVBW 300 kHz Sweep 94.00 ms (30000 pts)

Low Channel (Low Power)

Marker 1 960.002333411 MHz
PHO: awt Ly
PRE A W Galack ow

Ref -15.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

#VEW 300 kHz

Sweep 94.00 ms (30000 pts)

Mid Channel (Low Power)

Avg Type: LogPur
Avaiiiod> 100790
Ext Gain: 93,00 ¢8

b

Marker 1 869.886329544 MHz
TR0 tet o Trig: Free Run

¥ Galnt ow Asten: 20 68

Ref 20.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

#VBW 300 kHz Sweep 94.00 ms (30000 pts)

High Channel (Low Power)

Aot Spoxtrum Aalyze - Swopt SA

Marker 1 928.961298710 MHz Avg Type: Log Pur
oo T Avgiiold> 100190
B Galact ow Ext Oain: -10.00 48

Ref 20.00 dBm

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

#VBW 300 kHz Sweep 94.00 ms (30000 pts)

Low Channel (High Power)

Aot Spoxtrum Aalyze - Swopt SA

Avghiold: 3

Marker 1 861.576385880 MHz Avg Type: Log Pur
PR T 26100
B Galact ow Ext Oain: -10.00 48

Ref 20.00 dBm

et D ST S A b

Start 30.0 MHz
#Res BW 100 kHz

Stop 1.0000 GHz

#VBW 300 kHz Sweep 94.00 ms (30000 pts)

Mid Channel (High Power)

High Channel (High Power)

Company: Caterpillar Inc
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1000-10000 MHz

Agtent Spextrum Anadyrer St SA

Marker 14.803526784226 GHz Avg Type: Log-Par - Marker 14.879429314310 GHz Avg Type: LogPur
A Trig Free Run AvgiHeld: 200%0 o~ Avgliold: 191100
Asterc 16

S
Ext Galn: -10.00 68 ot pser 1 Goint ow

P A

vgiHol
Ext Gain: -90.00 48

Ref -5.00 dBm : & v Ref -5.00 dBm

i

3

Start 1.000 GHz Stop 10.000 GHz Start 1.000 GHz Stop 10.000 GHz
#Res BW 100 kHz SVEW 300 kHz Sweep 862.0 ms (30000 pts) #Res BW 100 kHz SVBW 300 kHz Sweep 862.0 ms (30000 pts)

Low Channel (Low Power) Mid Channel (Low Power)

Marker 1 4.960432014400 GHz - Avg Type: Log Pur
THO: et 105 Tree Run 0 T R 11ig: Frea Run AvaiHord 14100
W Gl ow Acten: ¥4 48 + Go Aten 20 68 Ext Galn: -90.00 48

Ref -5.00 dBm € Ref 20.00 dBm

Start 1.000 GHz i Stop 10.000 GHz Start 1.000 GHz i Stop 10.000 GHz
#Res BW 100 kHz #VEW 300 kHz Sweep 862.0 ms (30000 pts)| #Res BW 100 kHz #VBW 300 kHz Sweep 862.0 ms (30000 pts)|

High Channel (Low Power) Low Channel (High Power)

Aot Spoxtrum Aalyze - Swopt SA Aot Spectrum Asayrer - St SA

Hz Hz
RO fast Avgireid: 221100 RO fast Avgiieid:

Marker 14.879429314310 Gl Avg Type: Log Pur Marker 14.960432014400 Gl Avg Type: Log Pur
W Galact ow Ext Gain: -90.00 48 W Galact ow Ext Gain: -90.00 48

Ref 20.00 dBm Ref 20.00 dBm

Start 1.000 GHz ” Stop 10.000 GHz Start 1.000 GHz ” Stop 10.000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 862.0 ms (30000 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 862.0 ms (30000 pts)

Mid Channel (High Power)

High Channel (High Power)

Company: Caterpillar Inc Name: USB Wireless Adapter
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10000-25000 MHz

Marker 1 24.361478715957 GHz Avg Type: LogPur
4 Avgliold: 101100

Agtent Spextrum Anadyrer St SA
Marker 1 23.623454115137 GHz
o -

Trig: Frea Run = o
PR AMP Aster 16 Ext Galn: -10.00 €8 PRI AP W Gl ow Ext Galn: -90.00 48

Ref -5.00 dBm £94 v Ref -5.00 dBm

Start 10.000 GHz Stop 25.000 GHz Start 10.000 GHz Stop 25.000 GHz
#Res BW 100 kHz SVEW 300 kHz Sweep 1434 5 (30000 pts)| #Res BW 100 kHz SVBW 300 kHz Sweep 1434 5 (30000 pts)|

Low Channel (Low Power) Mid Channel (Low Power)

- - m

Marker 1 22.406913563786 GHz o Marker 1 24.527984266142 GHz Avg Type: LogPur
RO Fat Ly %0 ¥ PO Tast e T Free Run AvgiHoid 1100

Pt psar W Gainctow M - BGaniow * Atten 20 68 Ext Gain: -0.00 48

Ref -5.00 dBm 04.¢ Ref 20.00 dBm

Start 10.000 GHz Stop 25.000 GHz Start 10.000 GHz i Stop 25.000 GHz
#Res BW 100 kHz #VEW 300 kHz Sweep 1.434 5 (30000 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 1.434 5 (30000 pts)

High Channel (Low Power) Low Channel (High Power)

Marker 1 24.478482616087 GHz Avg Type: Log Pur Marker 1 24.536984566152 GHz Avg Type: Log Pur
P Test Avy 20100 Do T Avghiold: 13100
B Galact ow Ext Oain: -10.00 48 it ow Ext Oain: -10.00 48

Ref 20.00 dBm Ref 20.00 dBm

Start 10.000 GHz Stop 25.000 GHz Start 10.000 GHz Stop 25.000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1434 5 (30000 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 1434 5 (30000 pts)

Mid Channel (High Power)

High Channel (High Power)

Company: Caterpillar Inc Name: USB Wireless Adapter
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Band Edges

larker 1 2.399960998700 GHz Marker 1 2.483732107737 GH.
G PHO:

- iy Tom to
Pt P par ¥ Golact ow

Ref -5.00 dBm 7.39 Ref -5.00 dBm

K

POV AAINAA e AN Aot A A AS AL At iy

Start 2.31000 GHz Stop 2.40000 GHz Start 2483500 GHz Stop 2.500000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 10.00 ms (30000 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 2.000 ms (30000 pts)|

Low Channel (Low Power)

High Channel (Low Power)

Aot Sgectrim Anabyrer - Swegd SA Aghert Spectrum Analyzer - Swopt SA

Marker 1 2.330970699023 GHz Avg Type: Loy Pur . Marker 12.484961948732 GHz Avg Type: Log Pur
o T Trig: Free Run > 10000 T AT 1 1ig: Free Run Avgiold> 0O/HO0
B Gamtow *Amteec 20 68 Ext Gain: 13,00 48 B Gaintow * Aften:20 48 Ex2 Gain: 1000 48

Ref 20.00 dBm o Ref 20.00 dBm

I}';

Y 0 }
w { [ | [4 v ~,'\4.w'l,,¢,.. NIV, g e KA

Start 2.31000 GHz Stop 240000 GHz Start 2483500 GHz Stop 2.500000 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 10.00 ms (30000 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 2.000 ms (30000 pts)|

High Channel (High Power)

Low Channel (High Power)

Company: Caterpillar Inc Name: USB Wireless Adapter
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5.1.5 Antenna Port Conducted Emissions — Frequency Stability

Operator Shane Dock
Test Date 1/10/18
Location Conducted RF Area

Temp./R.H. 70 degrees F/34%

FCC: 2.1055 (d)
IC: RSS-GEN 6.11

Method ANSI C63.10 Section 6.8

Requirement

Test Parameters

Frequency 2402-2480 MHz
Settings Voltage range of 4.5-5.5 VDC
Table

Low 2401995725 2401996092 2401994241 1851
Mid 2439992125 2439992058 2439994341 2283
High 2479994391 2479991875 2479992841 2516

Company: Caterpillar Inc Name: USB Wireless Adapter
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5.2 Radiated Emissions

Description of
Measurement

The frequency spectrum is investigated for intentional and / or unintentional signals
emanating from the EUT by use of a standardized test site and measurement
antenna.

The antenna, cable, pre-amp, and other necessary measurement system correction
factors are loaded onto the EMI receiver / spectrum analyzer when the
measurements are performed allowing the data to be gathered and reported as
corrected values.

The maximum emissions from the EUT are determined by turn-table azimuth
rotation (360°) and scanning of the measurement antenna. Maximized levels are
noted at degree values of azimuth, measurement antenna height, and measurement
antenna polarity.

Example
Calculations

Measurement (dBuV) + Cable factor (dB) + Other (dB) + Antenna Factor (dB/m) =
Corrected Reading (dBuV/m)

Margin (dB) = Limit (dBuV/m) - Corrected Reading (dBuV/m)

Example at 4000 MHz:

Reading = 40 dBuV + 3.4 dB + 0.9 dB + 6.5 dB/m = 50.8 dBuV/m
Average Limit = 20 log (500) = 54 dBuV/m

Margin = 54 dBuV/m - 50.8 dBuV/m = 3.2 dB

Block Diagram

EMI
Receiver
/ Antenna b EUT
Spectrum
Analyzer
Company: Caterpillar Inc Name: USB Wireless Adapter
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5.2.1 Radiated Emissions

Operator Shane Dock

Test Date 12/19/17 -1/8/18
Location Chamber 5
Temp./R.H. 71 degrees F/33%RH

Requirement

FCC: 15.247 (d)
IC: RSS-GEN 8.10

Method

ANSI C63.10 Sections 6.3, 6.5, 6.6

Limits at 3m:

150 200 500

Field Strength 100
(LV/m)
Field Strength 40.0 43.5 46.0 54.0
(dBuV/m)
Test Parameters

Frequency 30-25000

Distance 3 meters

Settings Unit tested at low, mid, and high channels. Unit has a 0.3685 ms “on” time.

Settings RBW = 120kHz, VBW = 1.2 MHz (<1 GHz)

g RBW =1 MHz, VBW = 3 MHZ (>1 GHz), 3 kHz for average measurements

EUT Unit tested and measured in three orientations.
Measurements taken in restricted bands. For measurements above 1 GHz, antenna
used with a tilt gear to keep EUT within the cone of radiation. Absorbers were also
added to the floor of the chamber while measuring emissions above 1 GHz.

Notes
Emissions below 1 GHz are not a function of the EUT.
RVBW = Reduced Video Bandwidth
Limit (dBuV) = 20* Log[ Limit (uV) ]

Example 40 = 20* log (100)

Calculation Raw Data + Antenna Factor + Cable Factor = Reported Data
19.77 dBuV + 12.50 dB/m + 0.93 dB = 38.80 dBuV/m

Company: Caterpillar Inc Name: USB Wireless Adapter
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Instrumentation

Laird -,

Smart Technology. Dellvered.

Date : 28-Dec-2017 Test: Radiated Emissions Job: C-2894
PE: Shane Dock Customer : Caterpillar Quote : 317399
| No. | Asset Description Manufacturer | Model Serial Cal Date Cal Due Date | Equipment Status
1 EE960088 Analyzer - EMI Receiver Agilent N9038A MY 51210138 3/2/2017 3/2/2018 Active Calibration
2 AA 960150 Antenna - Biconical ETS Lindgren 3110B 0003-3346 3/3/2017 3/3/2018 Active Calibration
3 AA 960078 Antenna - Log Periodic EMCO 93146 9701-4855 4/17/2017 4/17/2018 Active Calibration
4 AA 960007 Antenna - Double Ridge Horn EMCO 3115 9311-4138 8/30/2017 8/30/2018 Active Calibration
5 AA 960153 Filter - High Pass 2.4 GHz KWM HPF-L-14186 7272-04 5/2/2017 5/2/2018 Active Calibration
6 EE960160 Antenna - Low Noise Amplifier Mini-Circuits ZVA-213X-S+ 977711030 8/30/2017 8/30/2018 Active Calibration
7 AA 960174 Antenna - Small Horn ETS Lindgren 3116C-PA 00206880 5/1/2017 5/1/2018 Active Calibration

4960.00 181.09  209.50 50.26 45.75 74.0 54.0 23.7 8.3 H F
4880.00 172.23  208.25 52.68 49.07 74.0 54.0 213 4.9 H F
4804.00 174.52  210.25 53.68 50.37 74.0 54.0 20.3 3.6 H F

Table — Band Edge Measurements

2333.7 54.3 74.0 19.7
2484.6 54.0 74.0 20.0

2333.9 42.1 54.0 11.9

2487.5 41.0 54.0 13.0
Company: Caterpillar Inc Name: USB Wireless Adapter
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Table (Under 1 GHz)

Laird

178.13 185.28 261.00 30.14 43.5 13.4 H \
85.33 100.00 339.50 34.14 40.0 5.9 Vv \'
238.15 185.40 94.00 43.00 46.0 3.0 H \
238.15 181.38 0.00 40.46 46.0 5.5 Vv Vv

Orientations
V - Vertical

H — Horizontal

F —Flat

Company: Caterpillar Inc

Report: 317399 A
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Plots (Worst-Case Shown)

Marker 1 85.327 MHz
TR

i pate

Ref 50.00 dByV/m 1 V Ref 55,00 dByV/m

#Start 30 MMz #Stop 200 MMz} #Start 200 MHz #Stop 1 GHz
Res BW 120 kHz VBW 1.2 MHz Dwell Time 35.3 ps (60 kHz) Res BW 120 kHz VBW 1.2 MMz Dwell Time 7.5 ps (60 kHz)

30-200 MHz 200-1000 MHz

gilent Spectrum Analyzer - Swept SA gt Spectrumm Anatyoer - Swept SA
X I-— 9 [ SENSEINT)| LIGNAUTO |06:37:35 PMDec 19, 20 :
Marker 1 2.229213973799 GHz Avg Type: Voltage TRACE Resksearch Marker 1 2.333904796827 GHz
st Ly Trig: Free Run Avg|Hold:>100/100 re| PN bast g 171 Free Run
PREAMP IFGain:High #Atten: 0 dB LA 1 Gl Mgh SAsten: 0 €8

Avg Type: Log Pur
Avgiiold> 100/%0

Ref 65.00 dBpV/m 4 Ref 66.99 dBpuVim

Start 1.0000 GHz Stop 2.3100 GHz m Start 2.31000 GHz Stop 2.39000 GHz

ﬁes BW (CISPR) 1 MHz #VBW 30 kHz Sweep 52.00 ms (30000 pts)| #Res BW 1.0 MHz #VBW 3.0 kHz Sweep 22.00 ms (30000 pts)|
1000-2310 MHz (RVBW) LBE (Average)

Aot Spoxtrum Aalyze - Swopt SA Aghert Spetrum Ay rer St SA

Marker 1 2.487454631821 GHz Avg Type: Log Pur Marker 1 2.333739457982 GHz Avg Type: Log Pur
O et Trig:Free Run Avgiold> 100/%0 RO Test o 17 Free Run Avgiold> 100/%0
ot A Waintigh * MAsten: 0 68 ot A WGantigh * SAen: 0 €8

Ref 66.99 dBuVim 032 ¢ Ref 66.99 dBuV/m

- N, S—

Start 2.483500 GHz Stop 2.500000 GHz Start 2.31000 GHz Stop 2.39000 GHz
#Res BW 1.0 MHz SVBW 3.0 kHz Sweep 6.000 ms (30000 pts) #Res BW 1.0 MHz SVBW 3.0 MHz Sweep 2.000 ms (30000 pts)

LBE (Peak)

UBE (Average)

Company: Caterpillar Inc Name: USB Wireless Adapter
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Agtent Spextrum Aabyzer - Smeyt SA
Marker 12.484579135971 GHz Avg Type: Log Pur
PR Tem Trig: Free Run Avgiold> 100/%0

Gl

Ref 66.99 dBuV/im

Start 2.483500 GHz Stop 2.500000 GHz
#Res BW 1.0 MHz SVBW 3.0 MHz Sweep 2.000 ms (30000 pts)

- ™

Aot Spextrum Aesabyre Seyt A

Marker 1 3.590436347878 GHz
s Trig: Free Run

S
ot paer WGaintow * SAmen:0 68

Ref 65.00 dBpVim

Start 2.5000 GHz Stop 4.0000 GHz
#Res BW (CISPR) 1 MHz SVBW 30 kHz Sweep 58.00 ms (30000 pts)

Marker 1 4.804093469782 GHz Avg Type: LogPur
a0 Tet o Trig:Free Run AvgiHold> 101100
L WGuintow " BAsten:O

Ref 60.00 dByuV/m

Start 4.000 GHz Stop 18.000 GHz
#Res BW 1.0 MHz SVBW 30 kHz Sweep 366.0 ms (30000 pts)

2500 — 4000 MHz (RVBW)

= Peak Search

Ty ge L

Trig: Free Run AvglHold:>100/100 |
#Atten: 0 dB

Mkr1 22.741 96 GHz|

48.235 dBuVim

|
|
|
|
|
|

Start 18.000 GHz Stop 25.000 GHz m

#Res BW (CISPR) 1 MHz #VBW 30 kHz Sweep 268.0 ms (30000 pts)|

e sTATUS

4-18 GHz (RVBW)

18-25 GHz (RVBW)

Company: Caterpillar Inc
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6  REVISION HISTORY
~Version ~ Date  Notess ~ Person

Vo 1/18/18 Rough Draft Shane Dock
Vi 4/3/18 Updated Draft Shane Dock
V2 4/20/18 Further Updates Shane Dock
V3 4/25/18 Final Draft Shane Dock
Va4 7/9/18 Further Revisions Shane Dock

END OF REPORT

Company: Caterpillar Inc Name: USB Wireless Adapter
Report: 317399 A Page 31 of 31 Model: See Section 2
Job: C-2894 Serial: See Section 2



