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CHAPTER 1

GENERAL INFORMATION

1-1 About This Manual

This manual is intended as a general guide for installing, wiring, and 
starting a  TSS928™ Thunderstorm Sensor. The information contained 
in this manual may not cover all configurations of a TSS928 sensor 
system. For information regarding optional equipment purchased for 
the TSS928 sensor, refer to the documentation that accompanies that 
equipment. 

1-1.1 Contents of This Manual

This manual consists of the following chapters and appendices:

- Chapter 1, General Information, provides important safety, revision 
history, contact, and warranty information.

- Chapter 2, Introduction, provides an overview of the TSS928 sensor 
and its installation.

- Chapter 3, Site Requirements, provides site selection guidelines.

- Chapter 4, Attaching the Sensor to a Mast, describes how to attach 
the sensor to the mast. 

- Chapter 5, Wiring the Sensor, provides correct wiring of all circuits 
essential for proper sensor operation

- Chapter 6, Starting the Sensor, covers initial startup of the sensor.

- Chapter 7, Calculating the Angle of Rotation, describes how to 
calculate and enter the angle of rotation for the sensor.
VAISALA ________________________________________________________________________ 1
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- Chapter 8, Specifications, provides the specifications for the sensor.

- Appendix A, Internal Cable Connections, provides illustrations of 
the internal cable connections for the sensor.

1-1.2 Version Information

1-1.3 Related Manuals

1-1.4 Document Conventions

Different typefaces, type styles, and phraseology indicate specific user 
interactions with the system as illustrated in Table 3 below. 

Table 1 Manual Revisions

Manual Code Description
M210406EN rev E May 2023
M210406EN rev D Aug 2020
M210406EN rev C July 2018
M210406EN rev B July 2004
M210406EN rev A June 2003, Initial release.

Table 2 Related Manuals

Manual Code Manual Name
M210410EN TSS928 User’s Guide
M210401EN TSS928 DC Interface Kit Installation 

Note
M210402EN TSS928 Tripod Mount Installation Note
M210403EN TSS928 Ground Mast Installation Note
M210405EN TSS928 Mast Mount Foundation Note
M210407EN TSS928 Roof Mount Installation Note

Table 3 Document Conventions

Item Example
System prompts, source code, and program 
output are in a mono-spaced typeface.

c:\temp> 

User input is a bold, mono-spaced typeface. H 12 
Optional entry is enclosed in square brackets 
(for example, /v).

format a: [/v] 
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1-2 Safety Information

1-2.1 General Safety Considerations

Throughout the manual, important safety considerations are 
highlighted as follows:   

Directory names, filenames and paths are 
shown in italic type.

/etc/tls/startup.cfg

Descriptive term used in place of user-specific 
name is in italics and enclosed in angle 
brackets (for example, table).

the <table>.map file 

Key names are all capital letters. ENTER
Use of ENTER key at the end of a command <ENTER>
Key combinations that are held down 
simultaneously are all capital letters and 
separated by a plus symbol.

CTRL+X 

ASCII values are enclosed in angle brackets. <CR><LF> 
User interface items and command words are 
in bold.

Click Cancel or use the 
quit command.

WARNING Warning alerts you to a serious hazard. If you do not read and follow 
instructions very carefully at this point, there is a risk of injury or even 
death.

CAUTION Caution warns you of a potential hazard. If you do not read and follow 
instructions carefully at this point, the product could be damaged or 
important data could be lost.

NOTE Note highlights important information on using the product.

Table 3 Document Conventions (Continued)

Item Example
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1-2.2 Product Related Safety Precautions

The TSS928™ Thunderstorm Sensor delivered to you has been tested 
for safety and approved as shipped from the factory.

Note the following precautions:

1-2.3 Safety Symbols and Precautions

Vaisala TSS928 sensors have been tested and approved for safety as 
they are shipped from the factory. Some hardware components may 
have safety symbols affixed to them. Observe the safety symbols and 

WARNING Electrically ground the TSS928 according to local electrical codes or 
as described in this equipment installation manual. Periodically verify 
the condition of installation grounding to minimize shock hazard.

CAUTION Do not modify the unit. Improper modification can damage the 
product or lead to malfunction.

WARNING All installation and maintenance activities performed within 10 m of 
the TSS928 sensor require that safety equipment and precautions be 
employed. These include use of at least ISO 20345:2011 safety 
footwear, ISO 4849:1981 safety eye wear, and protective gloves, or 
equivalents as required by local occupational safety standards that 
apply. Persons unfamiliar with the required safety measures should not 
undertake installation and maintenance activities.

CAUTION The TSS928 sensor requires AC electrical mains power and/or DC 
voltages that represents an electrical shock hazard. For this reason, all 
power to the sensor system must be turned off before performing any 
installation activity.
4 _________________________________________________________________M210406EN rev E
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advisory text associated with the symbols described in this section. 
Advisory text is provided in several languages.

The symbols displayed in this section along with the Caution and 
Warning notes described in the previous section, appear throughout 
this document advising you of specific precautions or procedures.

1-2.3.1 English Safety Symbols

Lethal shock hazards exist inside sensor enclosures. 
Remove all power to the sensor enclosures when working 
inside them. Only authorized, trained, technical personnel 
should service this sensor.

Do not apply power to the underground power cable yet.

Failure to provide a proper electrical ground for this sensor 
may result in damage to the sensor and an electrical safety 
hazard. Follow all applicable electrical codes and 
grounding procedures described in this manual.

This sensor is heavy and can cause serious injury if it falls 
or drops on a person. Use care when handling, mounting, 
and securing the sensor.

This sensor may be used for critical human warning 
functions. Failure to follow the stated installation 
instructions may result in failure to warn. Failure to provide 
continuous power to the sensor will result in failure to 
function and warn.
VAISALA ________________________________________________________________________ 5
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1-2.3.2 Deutsch Safety Symbols

Im sensorinneren besteht die Gefahr tödlicher 
Stromschläge. Unterbrechen Sie alle Stromzufuhr zum 
sensorgehäuse, wenn darin gearbeitet wird. Die Wartung 
des sensors sollte nur von beauftragtem und 
ausgebildetem Fachpersonal durchgeführt werden.

Leiten Sie noch keinen Strom durch das unterirdische 
Stromkabel

Das Fehlen einer angemessenen Erdung für diesen sensor 
kann zu Schäden am sensor und zu einer 
Sicherheitsgefahr durch Stromschläge führen. Befolgen Sie 
alle zutreffenden Vorschriften für die elektrische Installation 
und Erdung, die in dieser Betriebsanleitung beschrieben 
sind.

Der sensor ist schwer und kann beim Herabstürzen 
ernsthafte Verletzungen verursachen. Vorsicht bei der 
Handhabung, Montage und Sicherung des sensors

Dieser sensor wird für die Vorwarnung von kritischen 
Ereignissen benutzt. Das Nichtbefolgen der dargelegten 
Installationsvorschriften kann zum Versagen der 
Vorwarneinrichtung führen. Die Unterbrechung der 
ständigen Stromzufuhr zum sensor führt zum Ausfall aller 
Funktionen und der Vorwarneinrichtung.
6 _________________________________________________________________M210406EN rev E
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1-2.3.3 Français Safety Symbols

Des risques de chocs électriques existent à l’intérieur des 
boites du Capteur. Déconnecter toute alimentation de 
courant au Capteur en travaillant à l'intérieur d’eux. Seul le 
personnel technique autorisé et qualifié peut effectuer une 
maintenance à ce Capteur.

Ne pas encore alimenter de courant le câble électrique 
souterrain.

Faute de fournir une mise à terre adéquate pour ce capteur 
peut causer des dommages au Capteur et entraîner un 
risque électrique. Suivre tout code électrique applicable et 
procédure de mise à terre décrites dans ce livret.

Le Capteur est lord et peut causer de graves blessures s’il 
tombe sur une personne. Faire attention pendant la 
manipulation, installation et fixation du Capteur.

Ce Capteur peut être utilisé pour des fonctions 
d’avertissement humains critiques. Faute de suivre les 
instructions d’installation décrites peut causer une faute 
d’avertissement. Faute de fournir un courant continuel au 
Capteur causera une faute de fonctionnement et 
d’avertissement.
VAISALA ________________________________________________________________________ 7
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1-2.3.4 Español Safety Symbols

1-2.4 ESD Protection

Electrostatic Discharge (ESD) can cause immediate or latent damage 
to electronic circuits. Vaisala products are adequately protected against 
ESD for their intended use. However, it is possible to damage the 
product by delivering electrostatic discharges when touching, 
removing, or inserting any objects inside the equipment housing.

To make sure you are not delivering high static voltages yourself:

- Handle ESD sensitive components only on a properly grounded and 
protected ESD workbench. 

- When an ESD workbench is not available, ground yourself to the 
equipment chassis using a wrist strap with a resistive-connection 
cord. 

En el recinto de los sensores hay peligro de choques de 
electricidad fatales. Corte la electricidad a los recintos de 
los Sensores antes de trabajar en ellos. Acceso para 
serviciar a este sensor se permite sólo en el caso del 
personal técnico autorizado y entrenado.

No suministre energía al cable de transmisión subterráneo 
todavía.

La falta de una puesta a tierra apropiada para este sensor 
es capaz de dañar al sensor y poner en peligro la 
seguridad eléctrica. Siga todos los códigos eléctricos de 
aplicación y los procedimientos de puesta a tierra descritos 
en este manual.

Este sensor es pesado y puede causar serias heridas si se 
cae o se lo deja caer sobre una persona. Maneje, monte o 
asegure al sensor con cuidado.

Este sensor se usa para funciones críticas de alerta de 
emergencias. Estas funciones pueden fallar si no se siguen 
las instrucciones de instalación al pie de la letra. La falta de 
un suministro de energía continuo a este sensor resultaría 
en que dejara de funcionar y no se produjera la alerta.
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Chapter 1 _________________________________________________________General Information
- When neither of the above precautions is possible, touch a 
conductive part of the grounded equipment chassis with one hand 
before touching any ESD sensitive components.

- Always hold the circuit boards by the edges and avoid touching the 
component contacts.

1-3 Regulatory Compliances

1-3.1 CE Conformity

When configured and operated as specified in this manual, the sensor 
complies with the requirements of the EMC Directive 89/336/EEC for 
CE conformity as indicated in Table 4 below. 

1-3.2 WEEE Compliance

DECLARATION OF CONFORMITY in relation to Directive 
2002/96/EC, Waste Electrical and Electronic Equipment (WEEE).

The TSS928, manufactured by Vaisala Inc., complies fully with the 
requirements of Directive 2002/96/EC on the Waste Electrical and 
Electronic Equipment (WEEE).

Vaisala Inc. has implemented return facilities for all products that we 
bring to market. All TSS928 components should be returned for 
recycling to:

Table 4 Tests Passed for CE Conformity

Test Standard Test Result
EN 50081-2 (1993)
  EN 55011 Class A Radiated Emissions Pass
  EN 55011 Class A Conducted Emissions Pass
EN 50082-2 (1995)
  EN 61000-4-2 Electrostatic Discharge Pass
  ENV 50140 Radiated Immunity (AM) Pass
  ENV 50204 Radiated Immunity (Pulse) Pass
  ENV 50141 Conducted Immunity Pass
  EN 61000-4-4 Electrical Fast Transients Pass
EN 61010-1 Low voltage safety directive Pass
VAISALA ________________________________________________________________________ 9
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Vaisala Inc.
194 South Taylor Ave.
Louisville, CO 80027
(303) 499-1701

 No TSS928 components may be disposed of in landfills.

TSS928 components are marked with the end-of-life, not for landfill 
disposal symbol shown in Figure 1 below in accordance with European 
Standard EN 50419.

Figure 1 WEEE Symbol

1-3.3 Communication Interface Standards

Electronics Industries Association (EIA) interface standards typically 
involved in communications within the lightning locating system are:

- RS-232C unbalanced line drivers and unbalanced line receivers

- RS-422 balanced line drivers and balanced line receivers

References in this manual to EIA interface standards also apply to 
equivalent or similar CCITT (International Telegraph and Telephone 
Consultative Committee) standards:

- RS-232C is equivalent to CCITT 1969 White Book Vol. VIII, V.24.

- RS-422 is similar to CCITT circular No. 97 Com SPA/13, X.26 
(V.10).

The CCITT standard requires receiver sensitivity to have a specified 
maximum common-mode voltage of ±7 V and a minimum of ±300 
mV. The only difference for the RS-422 standard is the minimum 
common-mode voltage of ±200 mV.
10 ________________________________________________________________M210406EN rev E
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1-4 Trademarks

Vaisala and the Vaisala logo are registered trademarks of Vaisala Oyj 
in the United States and/or other countries.

TSS928™ is a trademark or registered trademark of Vaisala Oyj in the 
United States and/or other countries.

All other company, product names, and brands used herein may be the 
trademarks or registered trademarks of their respective companies.

1-5 License Agreement

This product contains software developed by Vaisala. Use of the 
software is governed by license terms and conditions included in the 
applicable supply contract or, in the absence of separate license terms 
and conditions, by the General License Conditions of Vaisala Group.

This product may contain open source software (OSS) components. In 
the event this product contains OSS components, then such OSS is 
governed by the terms and conditions of the applicable OSS licenses, 
and you are bound by the terms and conditions of such licenses in 
connection with your use and distribution of the OSS in this product. 
Applicable OSS licenses are included in the product itself or provided 
to you on any other applicable media, depending on each individual 
product and the product items delivered to you.

1-6 Warranty

Visit our Internet pages for standard warranty terms and conditions:

www.vaisala.com/warranty

 Please observe that any such warranty may not be valid in case of 
damage that results from normal wear and tear, exceptional operating 
conditions, negligent handling or installation, or unauthorized 
modifications. Please see the applicable supply contract or Conditions 
of Sale for details of the warranty for each product.
VAISALA ________________________________________________________________________11
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1-7 Technical Support

For technical support, return authorization (RMA), repair status, and 
spare parts, contact the Customer Response Center.

Telephone: +011 520 806 7400 (international)
+1 877 824 7252 (877-VAISALA, toll free within USA 
& Canada)

E-mail: helpdesk@vaisala.com

Website: www.vaisala.com/technicalsupport

For all RMA and repair questions, please provide at least the following 
supporting information:

1. Name and model of the product.

2. Serial number of the product.

3. Name and location of the installation site

4. Name and contact information of a knowledgeable person who 
can provide further information about the problem or 
requirement.

5. Description of the problem or requirement.
12 ________________________________________________________________M210406EN rev E
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CHAPTER 2

INTRODUCTION

2-1 Introduction to the TSS928™ Sensor

The TSS928™ Thunderstorm Sensor provides cost-effective and 
reliable single-point omni-directional thunderstorm detection for use 
with modern automated data acquisition and processing systems. Also, 
it is ideal for integration with weather platforms. The sensor can be 
connected to any of a variety of input/output (IO), data processing, and 
display devices. Figure 2 on page 14 shows a typical installation with 
the mast and junction box options.  

2-2 Typical Sensor Options

Various mounting, power, and communication options are available for 
the sensor.

Mounting options:

- In-ground pad mounting 

- Frame mounting, on-ground or roof-top

- Tripod mounting with optional tray for non-penetrating roof 
mounting

- User-supplied pole or other rigid support

Communication options: 

- RS-422 

- RS-232
VAISALA _______________________________________________________________________ 13



Installation Guide __________________________________________________________________
2-3 General Installation Procedure

Installation of the TSS928 sensor consists of unpacking, checking 
contents against the packing list, sensor assembly, mounting the sensor, 
electrical and communications wiring, sensor startup, and measuring 
the angle of rotation.

The following steps indicate the order in which a TSS928 sensor and 
its associated options and hardware should be installed.

WARNING Before performing any excavation for the sensor, electrical service, 
and/or communication infrastructure the applicable utility notification 
agency must be contacted and a survey completed to identify any 
below grade hazards or other impediments.

Figure 2 Typical TSS928 sensor, mast, and optional DC junction 
box
14 ________________________________________________________________M210406EN rev E
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1. Select the site for the sensor based on the site requirements in 
Chapter 3, Site Requirements.

2. Provide a mounting foundation and utilities to the sensor:

- Mounting pad or other mounting preparation including user-
supplied junction boxes.

- Install DC electrical service and communication wiring to the 
sensor.

3. Assemble the mount.

4. Attach the sensor to the mount.

5. Attach optional junction boxes.

6. Make wiring connections:

- Ground wiring.

- Electrical wiring.

- Communications wiring.

7. Start the sensor and verify operation.

8. Determine the sensor’s angle of rotation.

Review the section 1-2, Safety Information, beginning on page 3 prior 
to installing the sensor. The safety icons used in this manual are 
defined in several languages in section 1-2.2, Safety Symbols and 
Precautions, beginning on page 4.

2-4 Required Tools and Materials

- Phillips screwdrivers; large, medium, and small 

- Flat blade screwdrivers, various tip sizes through 5/16 inch

- Magnetic compass—Lensatic compass recommended (see Figure 
25 on page 66)

- Torque wrench, capacity 100 inch-pounds (11.3 N-m)

- 3/4-inch (19 mm) wrench

- Adjustable wrench; jaw opening 1.5 inches (38 mm)

- Wire stripper

- Small level

- Volt-Ohm meter
VAISALA _______________________________________________________________________ 15
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The following materials are required for installation, but not supplied 
by Vaisala:

- Anti-seize compound

- Thread tape or pipe joint compound for conduit threaded fittings

- Anti-oxidant compound for copper electrical connections

- For in-ground pad mounting:

- Concrete for the mounting pad. A minimum of 6.3 cubic feet 
(0.18 m3) is required.

- Conduit

- Conduit fittings

- For frame mounting: 

- Suitable ballast

- Conduit

- Conduit fittings 

- For non-penetrating tripod mounting: 

- Suitable ballast

- Appropriate long electrical power and communications cables. 
Refer to Table 10 on page 67 and Table 11 on page 68 for cable 
specifications.

WARNING Use of the frame mounting or non-penetrating tripod mounting on a 
building roof requires that the customer provide certification from a 
licensed structural engineer that the building structure is capable of 
withstanding the static and dynamic load of the TSS928 sensor and all 
ballast that is required. Consideration must include anticipated wind 
loading of the TSS928 sensor and its associated hardware in the 
conditions of accumulated rain, snow, or ice.

The customer must provide roof pads or tiles to prevent damage to 
roof surfaces. The pads or tiles must be placed beneath all contact 
areas of the roof mount framework, the personnel work areas, and 
areas of foot traffic. The selection of protective pads should also be 
reviewed by licensed structural engineer.
16 ________________________________________________________________M210406EN rev E
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WARNING All installation and maintenance activities performed for rooftop 
installations using the TSS928 roof or non-penetrating tripod mounts 
require that special safety equipment and precautions be employed. 
These include use of fall protection devices and harnesses compliant 
with local occupational safety standards that apply. 

All persons engaged in installation, service, or maintenance of the 
TSS928 sensor must be trained in the use of the fall protection devices 
required.

WARNING All installation and maintenance activities performed within 5 m of the 
TSS928 sensor require that safety equipment and precautions be 
employed. These include use of at least ISO 3873:1977 protective 
helmet, ISO 20345:2011 safety footwear, ISO 4849:1981 safety 
eyewear, and protective gloves, or equivalents as required by local 
occupational safety standards that apply. Persons unfamiliar with the 
required safety measures should not undertake installation and 
maintenance activities.

Table 5 Required safety equipment

QTY Description
1/person Protective helmet, ISO 3873:1977 or equivalent as required by applicable 

occupational safety standards
1 pair/
person

Safety footwear, ISO 20345:2011 or equivalent as required by applicable 
occupational safety standards

1 pair/
person

Safety eye wear, ISO 4849:1981 or equivalent as required by applicable 
occupational safety standards

1 pair/
person

Heavy cut-resistant work gloves, EN388:2003 3131 or equivalent as 
required by applicable occupational safety standards
VAISALA _______________________________________________________________________ 17
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CHAPTER 3

SITE REQUIREMENTS

3-1 Introduction

The design of the TSS928™ Thunderstorm Sensor allows for easy 
installation at a variety of sites in many environments. The sensor is 
immune to many types of interference that adversely affect 
conventional lightning sensors. However, sensor performance is 
strongly dependent on proper siting and installation. In order to get 
proper performance from the sensor, it is important to read, understand, 
and apply (within reason and practicality) the site selection guidelines 
described in this chapter. When using the sensor with other instruments 
nearby, carefully review the possibility of interference to and from the 
other instruments. Detailed and site specific recommendations are 
available from the Vaisala Customer Response Center, See section 1-7 
on page 12.

3-2 General Sensor Site Requirements

Because the sensor is an electromagnetic and optical sensor, it requires 
clear exposure to the atmosphere. Avoid mounting the sensor adjacent 
to taller objects, such as tall masts, buildings, trees, or other objects 
that electrically shield or optically obstruct signals from reaching the 
sensor. The following checklist and illustrations give general 
guidelines for sensor exposure. More detailed information about noise 
sources near the sensor appears in section 3-3, Noise Sources near the 
Sensor, beginning on page 25.
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Follow these guidelines:

- Mount the sensor on a firm, stable surface.

- Place the sensor less than 10 feet (3 m) high on a pole or mast.

- Install the sensor at sites that are on flat ground, a low hill, or a 
building less than 40 feet (12 m) tall.

- Install the sensor well away from outdoor lighting fixtures.

- Install the sensor more than 30 feet (9 m) from low-voltage power 
lines (110 to 440 VAC), low power RF transmitting antennas (less 
than 4 watts), or active chimneys and exhaust ducts.

- Install the sensor more than 300 feet (91 m) from medium-voltage 
power lines (440 VAC to 16 kVAC), high power RF transmitting 
antennas (> 4 watts), or smokestacks.

- Install the sensor more than 1500 feet (457 m) from high-voltage 
power lines (>16 kVAC), arc welders, or other gas-discharge 
equipment.

Avoid these conditions: 

- Mounting the sensor to any surface that moves or vibrates.

- Mounting the sensor on a mast higher than 10 feet (3 m). Lower 
heights make periodic maintenance easier and lessen the risk of 
direct lightning discharge to the sensor.

- Mounting the sensor on mountain peaks, tall buildings, towers, 
sloping ground, or near canyons.

- Mounting the sensor under outdoor lighting fixtures or placing the 
sensor antenna in the path of laser beams, near electric motors, or 
near power transformers.

- Mounting the sensor in-line with the signal path of a radio 
transmitting antenna.
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Sites can be categorized as follows:

Some of the siting recommendations are summarized in the 
illustrations on the following pages. 

These site examples are in no way complete or all-inclusive. Contact 
the Customer Response Center with any questions about sensor sites.

Near-perfect The near-perfect site is flat and essentially the same 
in all directions from the sensor for a distance of at 
least 656 feet (200 m). Flat means that no object is 
elevated more than two degrees from the sensor 
base at a minimum distance of 984 feet (300 m). An 
example of a near-perfect site is shown in Figure 3 
on page 22.

Allowed When installed in an allowed site, the sensor 
performs in a fully functional, normal manner, 
provided there are no interfering sources near it. 
Examples of allowed sites are shown in the  
ALLOWED section of Figure 4 on page 23.

Not 
recommended

When installed in a not recommended site, the 
sensor may function in normally, but the likelihood 
for substandard performance is high. Examples of 
not recommended sites are shown in the NOT 
RECOMMENDED section of Figure 4 on page 23.

Prohibited When installed in a prohibited site, the sensor is 
usually problematic or nonfunctional. Examples of 
prohibited sites are shown in Figure 5 on page 24. 
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Figure 3 Near-Perfect Site
22 ________________________________________________________________M210406EN rev E



Chapter 3 __________________________________________________________Site Requirements
Figure 4 Allowed and Not Recommended Sites
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Figure 5 Prohibited  Sites
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3-3 Noise Sources near the Sensor

3-3.1 Radio Frequency (RF) Noise

The TSS928 sensor is highly immune to most forms of radio frequency 
(RF) noise. However, some common forms of RF can be detrimental or 
disabling to the performance of the sensor and must be avoided. Man-
made RF interference occurs at all power levels and at frequencies 
from under 1 kHz to over 10 GHz. Therefore, it is not possible to make 
specific statements about the proper distance for the sensor from a 
particular radio transmitter. In general, the sensor should be more than 
300 feet (91.4m) from high-power RF transmitting antennas 
(> 4 watts). There should be as much distance as practical between the 
sensor and all radio transmitting antennas. The sensor should be 
mounted away from and out of the beam direction of radio 
transmitters. The sensor should not be mounted in the strong 
illumination of radar beams or other microwave transmitters.

3-3.2 Very Low Frequency Noise

The sensor is a wideband RF sensor and interference with proper 
operation can be caused by sources of VLF (very low frequency) and 
LF electromagnetic noise such as power lines, transformers, and 
rotating electrical machinery. The sensor should not be mounted under 
or near AC power distribution lines. The sensor should be mounted 
300 feet (91 m) or more from medium-voltage (440 VAC to 16 kVAC) 
power distribution lines. The sensor should be mounted 1500 feet (457 
m) or more from high voltage (> 16 kVAC) power distribution and 
transmission lines.

3-3.3 Optical Noise

The sensor has a sensitive optical channel and therefore must be 
mounted away from pulsed or variable optical interference sources. 
The sensor should not be mounted in the illumination of outdoor lights 
such as warning illumination, night lamps, parking lot lamps, flood 
lights, gas discharge lamps (such as strobe lamps and low-pressure 
mercury vapor lamps), or automobile headlights. The sensor should not 
be mounted near weather sensors that employ pulsed light sources such 
as laser ceilometers, pulsed LEDs, and IRLEDs such as those that are 
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used in present weather sensors and LED-based precipitation sensors. 
The sensor should be mounted as far as practical from areas where arc-
welding equipment is used.

3-4 Mounting Considerations

The sensor performs best when mounted at the height of the standard 
mast (4 feet (1.2 m)), at a height less than 10 feet (3 m) above the 
ground, or on a low roof. Mounting the sensor on a mast or pole more 
than 10 feet (3 m) tall may enhance the gain of the electric field 
channel and cause performance degradation. Refer to Table 15 on page 
69 for the mast and pole specifications.

Any mounting pad or platform to which the mast or pole is attached 
must be heavy and stable. Mounting options available for the sensor 
include:

CAUTION Although pulsed light sources may not interfere with the sensor 
operation under clear weather conditions, they may interfere under 
conditions of snow, rain, ice, dust, and smoke due to scattered light.

CAUTION Elevation of the sensor more than 10 feet (3 m) above normal ground 
or roof height may increase the likelihood of lightning attachment and 
lightning damage. The sensor is not protected or warranted against 
damage due to direct lightning strikes.

Pad mount An in-ground, concrete pad that is 2 feet (0.6 m) 
in diameter with a minimum depth of 2 feet 
(0.6 m)

Frame mount An above-ground frame for placement on the 
ground, flat roofs, or pitched roofs sloped with a 
ratio from 2/12 through 7/12. The frame mount is 
non-penetrating, 101 inches long by 76.25 inches 
wide (256.5 cm by 193.7 cm), and includes a 
friction pad. Anchoring to the roof structure 
(preferred) or ballast for the frame is also 
required and must be supplied by the customer.
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3-4.1 Roof Mounting

The electric field is more enhanced near the edge of a roof than it is 
near the center. The enhanced electric field near the roof edges may 
degrade sensor performance. To avoid the more enhanced electric field 
near roof edges, place the sensor at the center of the roof of a small 
building, or a minimum of one building height away from the edge of a 
tall building, up to 40 feet (12 m). As shown in Figure 6 on page 28, 
place the sensor so that Distances A and B are greater than the height 
of the roof ridge. Figure 6 illustrates an installation on a pitched roof. 
Figure 7 on page 29 illustrates a tripod mounting with the optional 
non-penetrating tray and pressure pad. Placement of the tripod mount 
follows the same guidelines as for a frame mount.  

If the sensor must be mounted to a wall at roof level, ensure that the 
placement is near the center of the building, not a corner (Figure 8 on 
page 29).

Tripod mount An above-ground tripod for placement on the 
ground or attaching to flat roofs, or on the peak 
of pitched roofs. An optional tray is available for 
flat roof or on-ground installation. When 
installed with the optional tray, the tripod mount 
is non-penetrating, 36 inches long by 36 inches 
wide (91 cm by 91 cm), and includes pressure 
pad material. Anchoring to the roof structure 
(preferred) or ballast for the optional tray is 
required and must be supplied by the customer.

WARNING Use of the frame mounting or non-penetrating tripod mounting on 
a building roof requires that the customer provide certification 
from a licensed structural engineer that the building structure is 
capable of withstanding the static and dynamic load of the TSS928 
sensor and all ballast that is required. Consideration must include 
anticipated wind loading of the TSS928 sensor and its associated 
hardware in the conditions of accumulated rain, snow, or ice.

The customer must provide roof pads or tiles to prevent damage to 
roof surfaces. The pads or tiles must be placed beneath all contact 
areas of the roof mount framework, the personnel work areas, and 
areas of foot traffic. The selection of protective pads should also be 
reviewed by licensed structural engineer.
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Distance A

Distance B

50.5 in
(128.3 cm)

76.3 in
(193.8 cm)

Retaining 
Brackets 
for Ballast

VAISALA

Figure 6 Roof-Mounted Frame Installation
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Figure 7 Tripod with Optional Tray for Non-penetrating Roof 
Mount

Figure 8 Mounting the Sensor to a Wall at Roof Level
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3-4.2 Ground Mounting Foundation

An in-ground foundation mount provides a very stable platform for the 
sensor mast. A ground installation kit is available that provides a form 
for the concrete pad and a plywood template for placement of L-bolts 
to secure the mast. Figure 9 below shows the specifications for correct 
placement of four 1/2 - 13 UNC  18 inch L-bolts, extending four 
inches above the pad, to secure the mast. 

The figure shows an example of a foundation for the TSS928 mast. 
However, the customer should provide certification from a licensed 
structural engineer that the recommended foundation for the TSS928 is 
capable of withstanding the static and dynamic load of the TSS928 
sensor.

The evaluation should include anticipated soils present, wind loading, 
the weight of accumulated rain, snow, or ice, and the TSS928 sensor 
and its associated hardware.   

Figure 10 on page 32 illustrates typical site wiring for an in-ground pad 
installation.

3-4.3 On-Ground Mounting

A frame or tripod mount can be installed on the ground at a site that 
meets the requirements listed in 3-2, General Sensor Site 
Requirements, beginning on page 19. The main consideration for any 
mount is stability. Follow the mounting instructions provided with the 
frame and tripod mounts. 

NOTE Please refer to Vaisala document M210405EN for instructions and 
detailed information about the ground mount foundation requirements.
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Ground rod end 6 inches [15 cm] 
maximum above grade

1/2-13 UNC x 18 inch L-bolts and associated fasteners (4 sets) 
nominally 4 inches [10 cm] above foundation concrete

Ground clamp (ground 
wire connection)

Ground rod

Foundation concrete nominally 
12 inches [31 cm] above grade

Foundation concrete nominally 
24 inches [61 cm] below grade

Communications and power 
conduit (not a component of 
the foundation kit)

Figure 9 Ground Pad Mounting (Side View)
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Figure 10 Example Site Diagram for In-Ground TSS928 
Installation
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3-5 Power and Communication

Table 6 below describes interface cables used for the sensor. 

The long cables supplied with the TSS928 junction box options include 
flexible metallic conduit and are terminated at both ends.

DC power requires an electrical cable for the sensor power and a 
communications cable. The DC power and communications lines may 
be in the same cable.

3-5.1 Power Cables

The sensor requires continuous power supplied from an external source 
to prevent the loss of lightning data during power outages. Use of a 
continuous power source such as a battery-backed supply or 
uninterruptible power supply (UPS) is recommended.  

See Table 10 on page 67 for the sensor power requirements and power 
cable specifications. Keep power cable lengths as short as possible to 
minimize susceptibility to electrical transients such as lightning.

The DC power configuration typically uses a DC Interface Kit, the 
appropriate DC power supply and cabling are furnished.

Table 6 Interface Cables

Cable Connection Points Terminated?
DC Power/ 
Communications 
Interface

Long communications cable or 
communications junction box

Sensor communications port

No

Yes
DC Interface Kit Cable DC power supply

RS-422 to RS-232 converter 
module

Sensor communications port

Yes

Yes

Yes

CAUTION Failure to run power and communications cables in grounded metallic 
conduit results in a much greater likelihood of electrical, lightning 
induced, transient damage to the sensor and connecting equipment.
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3-5.2 Communications Cable

The sensor provides lightning data to a computer or data terminal (data 
equipment). Communications between the sensor and user equipment 
is through RS-422 or RS-232-C drivers and receivers. Refer to Table 
13 on page 69 for communications cable specifications.

3-6 Grounding Considerations

The sensor must be grounded with earth ground connections that meet 
the following requirements:

- Current caused by lightning-induced transients on the power and 
communications cables must be conducted safely to earth.

- An effective ground plane must be provided for the sensor antennas.

- Human safety must be assured.

For pad mounts or on-ground mounts with a frame or tripod, a single 
ground rod as described below is recommended:

- 8 feet (2.4 m) in length by 5/8 inch (1.6 cm) in diameter, driven 
vertically

- Solid copper, copper-clad steel, or stainless steel

- Fully driven into the ground within 5 feet (1.5 m) of the sensor

Where the local terrain is very dry, such as may be encountered in 
sandy or rocky terrain, a single ground rod may be insufficient for 
shunting lightning-induced surges to ground and/or for providing the 
necessary ground plane for the sensor antennas.

For roof mounts, the following grounding is recommended:

- For buildings that are more than 33 feet (10 m) on a side, the sensor 
must be well grounded through the metal structure in the building 
walls and roof.

NOTE It is recommended that the ground impedance provided for the 
TSS928 sensor be 10 Ohms or less measured using the 3-pole fall-of-
potential ground test method.
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The sensor must be grounded with 8 AWG copper ground wire 
connected to earth ground. 

Each ground wire must be of one continuous length, without splices. 
Soldering of the ground wires at any point is not permissible. All 
ground connections should be kept as straight and short as possible. 

If any doubt exists regarding the adequacy of the ground conditions a 
grounding expert should be consulted such as the telephone company, 
utility company, or an antenna installing company. Some alternatives 
to be considered are additional ground rods, a buried copper ground 
plane to improve signal reception, and chemical treatment of the soil.

If a ground plane is used, it should contain at least eight radial 
elements, one every 45 degrees. Each radial element should be at least 
30 feet (9.1 m) long, of heavy-gauge wire. Remember that the 
resistance to earth is determined by the total surface area in contact 
with the earth, and not the number of rods or wires.
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CHAPTER 4

ATTACHING THE SENSOR TO A MAST

4-1 Introduction

If using the tripod mount option, mount the sensor according to the 
instructions provided with the tripod. 

This chapter describes how to attach the sensor to the ground mount 
mast after the mast has been installed. If junction boxes are to be 
attached to the mast, be sure to install the sensor enclosure before 
installing the junction boxes.

4-2 Mounting the Sensor Enclosure

The sensor enclosure is shipped with the antenna installed. Figure 11 
on page 38 illustrates the sensor mounting brackets and other hardware 
attachments.

The sensor must be mounted at the very top of the mast with the top 
mounting bracket resting on the top edge of the mast as illustrated in 
Figure 12 on page 39.

CAUTION Do not remove the protective cover from the antenna until installation 
is complete.
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Use the following steps to mount the sensor onto the mast.

1. Install the top and bottom mounting brackets to the top and 
bottom feet of the sensor using the screws and split lock washers 
as shown in Figure 11 below.

2. Loosely install the C-clamps on both mounting brackets using 
the hardware provided.  

3. Lift the sensor over the top of the mast and lower it until the tab 
on the top mounting bracket rests on the top of the mast. See 
Figure 12 on page 39.

CAUTION It is best to use two people to safely mount the sensor onto the mast or 
other support.

Top Foot

Top Mounting Bracket
(for mounting at
the top of the mast)

1/4 - 20 × 3/4 inch

Machine Screw

Split Washer

Bottom Mounting Bracket

Split Washer

Bottom Foot

C-Clamp

Figure 11 Sensor Mounting and Other Hardware 
Attachments

1/4 - 20 × 1/2 inch

Machine Screw

Lip fits over top
edge of 3.5-inch
diameter mast wall.

Stainless Steel

Stainless Steel
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4. Orient the enclosure door for best accessibility. The sensor can 
be oriented in any direction but if the sensor is mounted with the 
closed door facing toward geodetic West, the angle of rotation 
will be zero degrees. Refer to Chapter 7, Calculating the Angle 
of Rotation, beginning on page 59.

5. Tighten the C-clamps, tighten the 1/4-20 screws to 90 to 95 lbf-in 
(10.2 to 10.7 N-m) torque. 

Figure 12 Mounting the Sensor onto the Mast

Mounting
Bracket

Bracket
Mounting
Bottom

Top
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CHAPTER 5

WIRING THE SENSOR

If you have the DC Interface Kit option, refer to the cable connection 
instructions that come with the kit. Otherwise, use the wiring 
information provided in this chapter.

5-1 General Wiring Guidelines

Correct wiring of all circuits is essential for proper sensor operation: 

- Ensure that all electrical power is disconnected before wiring the 
sensor.

- Use a multimeter to check all circuits for correct polarity and 
correct connections before applying power to the sensor.

CAUTION The TSS928 sensor requires DC voltages that represents an electrical 
shock hazard. For this reason, all power to the sensor system must be 
turned off before performing any electrical installation activity.

CAUTION Employ lock-out/tag-out procedures compliant with applicable 
occupation safety regulations to ensure the electrical power is not 
restored during installation activities. The procedure must be 
compliant with OSHA regulation 29 CFR 1910.147 or its equivalent.
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5-2 Sensor Grounding

Correct grounding of power circuits and shields of communications 
circuits is essential for proper sensor operation. Apply the following 
guidelines to all ground connections:

- Use ground wires that are solid copper, 8 AWG (3.26 mm diameter) 
or larger.

- Use one continuous length, without splices, for each ground wire.

- Do not solder the ground wires at any point.

- Ground the sensor locally only, and make no other ground 
connection between the sensor and a distant ground.

- For roof-mounted sensors ensure that buildings larger than 33 feet 
(10 m) on a side are well grounded through the metal structure in 
the walls and roof.

- Ensure that user-supplied ground lugs are heavy-duty and 
corrosion-resistant.

WARNING The electronic components of the TSS928 sensor are static sensitive. 
Before handling any of the equipment within the sensor enclosure, 
ground yourself to the equipment chassis using a wrist strap and a 
resistive connection cord.

Always hold the board assembles by the edges and avoid touching the 
component contacts. 

WARNING The ground impedance provided for the TSS928 sensor must be 10 
Ohms or less measured using the 3-pole fall-of-potential ground test 
method.
42 ________________________________________________________________M210406EN rev E



Chapter 5 __________________________________________________________ Wiring the Sensor
5-2.1 Grounding the Communications Cable

To provide better transient protection for the long communications 
wiring, ground the cable shield at the distant end and the sensor end. 
Grounding both ends of the shield provides the best protection against 
lightning-induced current surges, but may introduce communications 
problems. In case of communications problems, disconnect the shield 
from ground in the communications junction box (at the sensor end of 
the cable).

Figure 13 on page 43 illustrates wiring connections for RS-232 
communication, and Figure 14 on page 44 for RS-422 communication.  

NOTE All grounding surfaces must be free of paint or corrosion. Remove any 
paint from contact surfaces before attaching grounding cables. Make 
large radius bends when routing ground cables. Use no abrupt (90 
degree) bends.

Apply zinc or copper bearing anti-oxidant compound to the mating 
surfaces of ground wires and ground connection points.

Figure 13 RS-232 Connections for Communications Cables
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5-2.2 Grounding the Power Lines

Ground the TSS928 sensor by connecting a ground wire between the 
sensor ground lug and earth ground as shown in Figure 15 below.

WARNING The ground impedance provided for the TSS928 sensor must be 10 
Ohms or less measured using the 3-pole fall-of-potential ground test 
method.

BRAID
SHIELD

SIGNAL
INTERNAL CABLE

CONNECTORS

FOIL
SHIELD

SIGNAL

GND

BRAID
SHIELD

USER
EQUIPMENT

LONG
COMMUNICATIONS

CABLE

JUNCTION
BOX

COMMUNICATIONS
INTERFACE CABLE

ORANGE

BLACK

BLUE

YELLOW

WHITE

WHITE

BROWN

BROWN

E

F

G

H

J

K

TXD-

TXD+

RXD-

RXD+ TXD+

RXD-

TXD-

RXD+

FOIL
SHIELD

SENSOR

Figure 14 RS-422 Connections for Communications Cables
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5-3 Connecting Cables

The sensor comes with an interface cable. The cable has an 
unterminated end for connection to longer communications and DC 
power cables, generally at a junction box. The multi-pin connector 
attaches to the sensor. Use the procedures in the following sections to 
connect the long power and communications cables to the short 
interface cable delivered with the sensor. 

Figure 15 Grounding the Sensor

Earth
Ground

TSS928
Sensor

Sensor
Ground
Terminal
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The block diagram shown in Figure 16 on page 46 shows a 
configuration using DC sensor power, with the DC Power and 
Communication junction box, and the communications and DC power 
wiring in the same long cable. The communications and DC power 
wiring can also be in separate cables which can improve 
communications performance in some installations.

Use of an optional junction box is not required. The long DC power 
and communications cables may be connected directly to the interface 
cable, but the connections must be accessible for service and 
environmentally protected in accordance with regulatory requirements.

NOTE All electrical and communications wiring activities and materials used 
must be in compliant with all applicable electrical regulatory 
requirements.

Figure 16 Wiring DC Power using Junction Boxes

AC to 12-24 
VDC Power 

Supply 

Data
Device DC Power/Comm

Interface Cable 
Long Cable for
DC Power and 

Communications

DC Power/Comm
Junction Box 

TSS928
Lightning
Sensor 
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5-3.1 Junction Boxes

DC wiring connections in a junction box should be connected to a 
terminal strip or similar device. The DC wiring should not be grounded 
at the junction box. Proper labeling of the connections makes 
maintenance and troubleshooting easier.

Communications wiring connections in a junction box should be to a 
properly labeled terminal strip. Proper labeling of the connections 
makes maintenance and troubleshooting easier.

Run the long cables and the interface cables into the appropriate 
junction box. 

5-3.2 Cable Preparation

The cables that need to be prepared for termination depend on the cable 
configuration chosen.

1. DC power cable, long with power lines only, and

2. Communications cable, long and interface with communications 
lines only, 

or

3. DC power/comm cable, long and interface with power and 
communications lines.

5-3.2.1 Prepare the DC power and communications interface 
cable for termination

1. Strip 2 inches (51 mm) from the outer jacket.

2. Strip 1/4 inch (6 mm) insulation from each wire. 

Figure 17 on page 48 shows the DC power/comm cable preparations.
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5-3.2.2 Prepare the long DC power and communications cables 

The cable shields must be prepared for connection to a single point.

1. Trim the braided shield shorter than the drain wire as shown in 
Figure 18 on page 49.

2. Wrap the foil shield around the braided shield and the drain wire.

3. Add insulating tubing leaving 1/4 inch (6 mm) of the drain wire 
exposed.

Figure 17 Preparation of DC Power/Comm Interface Cable

Braided Shield
Add insulating tubing

Braided and foil shields wrapped
around wires under outer insulation

Twisted Pair: RED/WHT

Twisted Pair: BLK/WHT

Twisted Pair: BRN/WHTTwisted Pair: ORG/WHT

Strip all wires
1/4 inch 

Foil Shield and Drain
Add insulating tubing

(6 mm)
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5-3.3 DC Power Connections

There are two cable configurations possible to get DC power to the 
sensor site:

- Long cable with DC power lines only.

- Long cable with DC power and communications lines.

5-3.3.1 Connect the long DC power cable to the DC/comm 
interface cable 

Make the connections for the long DC power cable and interface cable 
according to Table 7 on page 49 and Figure 19 on page 51.

 

Table 7 DC Wire Connections

Long Cable

Vaisala DC Power/
Communications
Junction Box 
(If Used)

Interface Cable (DC/Comm)

DC& Comm Terminal Wire Color Connector Pin
+11 to 32 VDC RED & ORG Red L
11 to 32 VDC Return WHT & WHT White M
+11 to 32 VDC RED & ORG Orange N

Figure 18 Combining Shields
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5-3.4 Communications Connections

There are two cable configurations for sensor site communications:  

- Long cable with communications lines only. 

- Long cable with DC power and communications lines.

5-3.4.1 Connect the long communications cable to the DC/comm 
interface cable

Make the connections for the long cable and interface cable according 
to Table 8 on page 50 and Figure 19 on page 51.

11 to 32 VDC Return WHT & WHT White R
Shield & Drain Shield Shield K

Table 8 DC Power and Communications Wiring for DC

Long Cable

Vaisala DC Power/
Communications
Junction Box 
(optional)

Interface Cable

RS-422 RS-232 Terminal Wire Color Connector Pin
TXD- TXD +TD BLK Black E
TXD+ Sig Gnd 1)

1) Connect the two signal ground wires together.

–TD WHT White F
RXD- RXD +RD BRN Brown G
RXD+ Sig Gnd 1) –RD WHT White H
Shield Shield 1 & 2 Shield Shield J
DC Power
Shield Shield 3 & 4 Shield Shield K
+11 to 32 VDC +11 to 32 VDC RED & ORG Red L
11 to 32 VDC Return 11 to 32 VDC Return WHT & WHT White M
+11 to 32 VDC +11 to 32 VDC RED & ORG Orange N
11 to 32 VDC Return 11 to 32 VDC Return WHT & WHT White R

Table 7 DC Wire Connections

Long Cable

Vaisala DC Power/
Communications
Junction Box 
(If Used)

Interface Cable (DC/Comm)

DC& Comm Terminal Wire Color Connector Pin
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After wiring the long and interface cables, attach the connector end of 
the interface cable to the communications connector on the sensor 
enclosure.

Figure 19 DC Power/Communications Junction Box Wiring
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CHAPTER 6

STARTING THE SENSOR

6-1 Introduction

This chapter discusses initial startup of the TSS928 sensor. Complete 
each task in the order shown:

- Open the sensor enclosure.

- Connect the communications cable to the distant data device.

- Connect the power cable(s) to the main power source(s). 

- Apply power to the sensor and complete initial tests.

- Close the sensor enclosure.

6-2 Opening the Sensor Enclosure

Before connecting to the main power source, the sensor enclosure must 
be opened. Use the following steps to open the enclosure door.

1. Loosen the two door latching screws that hold the sensor door 
closed.

2. While pressing the door closed, lift the latches up and off of the 
lip of the door (see Figure 20 on page 54). 

3. Open the door, and make sure that the sensor power switches S1 
and S2 are OFF. 
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6-3 Connecting Data Devices

The cable that contains communications lines needs to be connected to 
the data device(s). Data devices may include computers, modems, 
communication converters, or other devices that carry or process the 
data signals from the sensor.

Make all communications cable connections between the data devices 
and the sensor. Please refer to Table 18 on page 72 for information 
about the communications cable connections.

Figure 20 Opening the Enclosure Door
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6-4 Final Connection to DC Power

At this point the sensor should be installed and all electrical and 
communication connections at the sensor made and rechecked. Use the 
following steps to connect main power to the sensor.

1. The power cable should not be connected to any voltage source 
yet.

2. Disconnect any connection to electrical mains power.

3. Use an ohmmeter to verify that no short exists between the lines 
of the power cable.

4. Connect the DC power cable to the DC power source. 

5. If the DC cable will be fused, use 5 A maximum, 2 A minimum, 
at the power source.

6. If a UPS is employed, ensure that there is electrical power 
connected to the UPS and that the UPS is on.

7. Turn on the electrical mains power to the AC-DC power supply.

8. Apply power to any data devices.

CAUTION The TSS928 sensor requires DC voltages that represents an electrical 
shock hazard. For this reason, all power to the sensor system must be 
turned off before performing any electrical installation activity.

CAUTION Only safety approved power supply unit based on IEC/EN 61010-1 or 
IEC/EN 60950-1 shall be used with the TSS928 sensor 

Be sure that the power supply unit is properly grounded.

CAUTION Do NOT position AC/DC adapter or power supply unit in such a way 
as to block easy access to any mains disconnect device (appliance 
coupler or plug) or in any way that makes it difficult to operate the 
mains disconnect device.
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6-5 Switch on Sensor Electrical Power and 
Initial Tests

The sensor should be powered on only after complete assembly and 
checkout of all electrical power and communications connections. The 
following sections discuss turning on power to the sensor and checking 
the LEDs to verify that the sensor is functioning. 

Use the following steps to switch on the sensor and check the sensor 
power status.

1. Turn on the sensor power switch, S1, on the Power/Comm Board 
as shown in Figure 21 on page 57.

2.  Verify the status of the following LEDs (see  below):

- LED1 (12 V) is on.

- LED4 (5 V) is on.

These are the normal operating indications on the 
Power/Comm Board when power is turned on. If you do 
not get these indications, contact the Vaisala Customer 
Response Center using the information found in section 1-
7 on page 12.

NOTE Bad, spurious, erroneous, or false data may be transmitted from the 
sensor when power is turned on or off. Ignore all data transmissions 
from the sensor that occur when the power is switched on or off.
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Figure 21 Power/Comm Board Indicators

6-6 Closing the Sensor Enclosure

Use the following steps to close the sensor. 

1. If you have not already done so, place a fresh desiccant package 
into the desiccant holder on the electronics module cover. The 
location is shown in Figure 22 on page 58.

2. Make sure that power switch S1 is in the ON position.

3. Close the enclosure door.

4. Lift each latch over the lip of the door and tighten the two 
Phillips-head screws to fully close the door as shown in Figure 
20 on page 54. 

5. If it is present, remove the foam antenna cover. 

LED1

LED4

Sensor Power Switch (S1)Reset Switch

DC Power
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CHAPTER 7

CALCULATING THE ANGLE OF 
ROTATION

7-1 Introduction

During the TSS928 sensor installation, it is necessary to determine the 
declination angle of rotation, which is the deviation of the magnetic 
North of the antenna orientation from geodetic North. The angle of 
rotation is zero degrees when the closed door face is orientated toward 
geodetic West.

The user must have an accurate location of the sensor location in 
longitude and latitude to obtain a correct value of magnetic declination. 
Typically, the location can be measured using a global positioning 
satellite receiver (GPS or similar), obtained from a site survey, or read 
from geographic/geological survey maps.

The TSS928 sensor reports the range and direction to detected 
lightning relative to the sensor’s location, with the direction based on 
compass octants (N, NE, E, SE, S, SW, W, and NW). Therefore, the 
sensor software needs the correct angle of rotation to place lightning in 
the proper compass octants. 

The user must enter the angle of rotation into the TSS928 using the 
sensor’s L command. Please refer to the TSS928 User’s Guide, Vaisala 
document M210410EN, for details about using sensor commands.
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7-2 Geodetic (true) Versus Magnetic North

A magnetic compass aligns with the magnetic field of the planet. This 
field flows between the earth's two magnetic poles, the northern of 
which is the magnetic north pole. Geodetic (true) North is the "upper" 
axial center of rotation for the Earth, where the meridians of longitude 
converge.

The magnetic declination, the angle and direction of azimuth 
difference between true and magnetic north, changes with location and 
over time. Declination degree values can be expressed either as 
Easterly and Westerly, or as positive and negative values. Easterly 
declinations are represented as positive values, and Westerly 
declinations are represented as negative values.

At the Vaisala facility in Tucson, Arizona on July 1, 2004, for example, 
magnetic North was East of geodetic North by approximately 11.2°. 
The variation (magnetic declination) was therefore 11.2° E or +11.2°.

One may calculate the angle of rotation (R) by adding the magnetic 
compass reading value (C) and magnetic declination value (D) for the 
location and date of the survey. Be careful when adding a negative 
magnetic declination value.

R = C + D

The following are examples to help you understand how to use 
declination values:

EXAMPLE 1

If the magnetic declination value at the location of the sensor you are 
installing is –20 degrees (this is the same as 20 degrees in a westerly 
direction), then when your magnetic compass indicates you have a 
bearing of 90 degrees from magnetic North, the bearing from True 
North is actually 70 degrees.

90 + (–20) = 70

EXAMPLE 2

If the magnetic declination value at the location of the sensor you are 
installing is +10 degrees (this is the same as 10 degrees in an easterly 
direction), and your magnetic compass indicates a bearing of 90 
degrees from magnetic North, the actual bearing is 100 degrees from 
True North.
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90 + 10 = 100

7-3 Magnetic Declination References

Information about your specific TSS928 sensor location, its latitude, 
longitude, altitude, and magnetic declination, is typically available 
from local and Internet sources. The installer can contact a surveyor or 
geographic/geological science agency for this information. Do not rely 
on magnetic declination information from geographic/geological 
survey maps, since the magnetic declination at a location changes over 
time.

The magnetic declination at a specific sensor site may also be found 
using the National Oceanic and Atmospheric Administration (NOAA) 
National Geomagnetic Data Center magnetic field calculators website 
at: 

http://www.ngdc.noaa.gov/geomag-web/#declination.

7-4 Measuring the Sensor Angle of Rotation

You will need a magnetic compass, preferably a Lensatic compass, to 
perform the rotation measurement and  procedure.

1. Determine the magnetic declination in decimal degrees for the 
sensor site as discussed in section 7-3 on page 61. 

2. Measure the orientation of the sensor using the magnetic 
compass as follows. Refer to the examples in sections 7-4.1 on 
page 62 and 7-4.2 on page 64.

a. Face the right side of the sensor so that the sensor door face 
is parallel to your line of sight. Stand at least 10 feet (3 m) 
from the sensor.

b. Sight the compass along edge of the sensor door; facing the 
right side of the sensor.

c. Record the compass reading in degrees.

3. Add the compass reading (C) and magnetic declination (D) to 
calculate the corrected value (R). Be careful when adding a 
negative magnetic declination.
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C + D = R

The following procedure measures the compass reading along the top 
edge of the door sighting from the right side of the enclosure. At the 
host computer or data terminal, enter the angle of rotation (rounded to 
the nearest whole number) using the L command. Please refer to the 
TSS928 User’s Guide, Vaisala document M210410EN, for details 
about using sensor commands.

7-4.1 Angle of Rotation Example 1

Figure 23 on page 63 shows an example of calculating the angle of 
rotation for a sensor installed in Tucson, Arizona in the year 2000 
using the four steps from section 7-4 on page 61.

1. In the year 2000, the magnetic declination for Tucson is 11 
degrees, 32 minutes which is 11.5 degrees.

2. In this example, the sensor door faces due south, so sighting 
along the door gives a compass reading of 258 degrees (the inner 
scale of the example compass).

3. The calculation for angle of rotation follows:

258 + 11.5 = 269.5 which rounds to 270

If the sum is 360 or larger, then subtract 360, for example

366 - 360 = 6 

4. At the host computer or data terminal, type the L command 
followed by a space and the calculated angle of rotation, then 
press the ENTER key.

NOTE Round the angle of rotation to the nearest whole number.

NOTE The sensor should be rotated to the orientation that best allows ready 
access to the enclosure for maintenance activities. The orientation 
shown in the example is not required for any location.
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L 270<Enter>

The sensor responds with:

A 270

Figure 23 Measurement of the Angle of Rotation in Tucson
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7-4.2 Angle of Rotation Example 2 

Figure 24 on page 65 illustrates an example of calculating the angle of 
rotation for a sensor installed in Antwerp, Belgium in the year 2000.

1. In the year 2000, the magnetic declination for Antwerp is –1.5 
degrees.

2. In this example, t he sensor door faces due east, so sighting along 
the door gives a compass reading of 181.5 degrees (the inner 
scale of the example compass).

3. The calculation for angle of rotation follows:

181.5 + (–1.5) = 180

4. At the host computer or data terminal, type the L command 
followed by a space and the calculated angle of rotation, then 
press the ENTER key:

L 180<Enter>

The sensor responds with:

A 180

NOTE The sensor should be rotated to the orientation that best allows ready 
access to the enclosure for maintenance activities. The orientation 
shown in the example  is not required for any location.
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Figure 24 Measurement of the Angle of Rotation in Antwerp
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7-4.3 Using the Lensatic Compass

There are several ways for measuring rotational orientation relative to 
magnetic north, however a Lensatic compass may be the most 
convenient. See Figure 25 below. 

Figure 25 Lensatic Compass with Lubberline and Notch
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CHAPTER 8

SPECIFICATIONS

The following TSS928 specifications are subject to change without 
notice. 

Table 9 TSS928 Operational Specifications

Detection Range and Direction Cloud-to-Ground Lightning: 0 to 30 nautical miles (0 to 35 mi, 0 to 
56 km), with direction finding to one of eight compass octants (N, 
NE, E, SE, S, SW, W, NW)
Omni-directional Cloud Lightning: 0 to 30 nautical miles (0 to 
35 mi, 0 to 56 km)

Mean Bearing Accuracy ±1599% of the time, ±1 compass octant (see above) 99.9% of 
the time, and ±1 on test pulse

Detection
Efficiency

Thunderstorm 
Detection

98% for thunderstorms within 10 nautical miles (12 mi, 19 km) 
with 3 or more cloud-to-ground discharges

Cloud-to-Ground 
Flashes

Approximately 70% for flashes within 10 nautical miles (12 mi, 
19 km)

False Lightning Reports None. False lightning reports do not occur for properly installed 
and properly maintained sensors.

Thunderstorm Range
Resolution

Three range groups: 0 to 5, 5 to 10, and 10 to 30 nautical miles 
(0 to 9.3, 9.3 to 18.5, and 18.5 to 55.6 km).

Sensor Output Serial ASCII alphanumeric message describing local 
thunderstorm conditions (automatic 1-minute intervals or poll)

Table 10 TSS928 Electrical Specifications

Power Requirements:
DC Power 11 to 32 VDC, 6 W for sensor
Electromagnetic Interference 
(Electromagnetic field immunity)

10 V/m up to 1 GHz, 200 V/m from 1 GHz to 40 GHz

DC Power Cable See Table 11 below
DC Fuse, Sensor 1 A, 250 V, fast, 5x20mm 
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The conductor gauge required is dependent upon the source voltage, length, and the 
number of conductor pairs used. The conductor gauge chosen must ensure that there are no 
conditions that allow the supply voltage to drop below 11 VDC at the sensor enclosure. The 
maximum current required by the sensor at 11 VDC is typically 0.55 amperes.

The DC power cable conductors should be twisted pairs and the cable should provide a foil 
shield with drain wire and/or an overall wire braid shield.

Table 11 DC Power Cable Maximum Lengths

Wire AWG or 
Metric (mm2)

Two Conductor 
(one pair)

Four Conductor
(two pairs)

Two Conductor 
(one pair)

Four Conductor 
(two pairs)

15 VDC 15 VDC 24 VDC 24 VDC
22 60 m (197 ft) 120 m (394 ft) 226 m (743 ft) 453 m (1485 ft)
20 95 m (311 ft.) 189 m (621 ft.) 357 m (1171 ft) 714 m (2342 ft)
18 151 m (496 ft.) 302 m (992 ft.) 570 m (1869 ft) 1139 m (3738 ft)
16 214 m (703 ft.) 429 m (1407 ft.) 808 m (2651 ft) 1616 m (5303 ft)
14 346 m (1136 ft.) 693 m (2273 ft.) 1306 m (4283 ft) 2611 m (8567 ft)
12 500 m (1641 ft.) 1001 m (3283 ft.) 1886 m (6186 ft) 3771 m (12373 ft)
0.5 82 m 164 m 309 m 619 m
0.75 121 m 241 m 455 m 909 m

1 163 m 326 m 615 m 1231 m
1.5 244 m 488 m 920 m 1841 m
2.5 399 m 797 m 1503 m 3006 m
4 641 m 1282 m 2416 m 4831 m

NOTE In the table above the maximum length values are based upon 
resistance tables using Belden multiconductor cable for AWG wire 
gauge and LAPP multiconductor cable for metric wire gauge. The 
values are calculated at 20 deg. C and assume the lower limit of the 
nominal AC-DC power supply voltage output. 

Table 12 Communications Specifications

Communications interface RS-232C or RS-422, full duplex
Communications line 2 twisted-pair, double-shielded. (See Table 13 

on page 69 for gauge and length.)
Data type, Data bits, Parity, Stop bits Serial ASCII, 8 bits, no parity, 1 stop bit
Data transfer rate 9600 baud
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The communications cable conductors should be twisted pairs and the cable chosen should 
provide a foil shield with drain wire and an overall wire braid shield.

Table 13 EIA Communications Cable Specifications for 9600 Baud

Communication Option Maximum Length  Wire Gauge
RS-422 (balanced) 7000 feet (2134 m) 22 AWG (0.64 mm diameter)

10 000 feet (3048 m) 20 AWG (0.81 mm diameter)
RS-232 50 feet (15 m) Greater than 24 AWG (0.51 mm diameter)

Table 14 Environmental Specifications

Temperature, operating –40 °F (–40 °C) to +140 °F (+60 °C)
Relative humidity, operating 0 to 100% (stainless steel NEMA 4X enclosure provides complete 

protection against corrosion and severe weather)
Rain rate 3 inches per hour (76 mm/hr), wind up to 40 knots (74 km/hr)
Freezing rain Ice accrual to 1 inch per 1/2 hour (25 mm/.5 hr), wind up to 40 knots 

(74 km/hr)
Hail size Diameter ≤ 1/2 inch
Sustained wind speed, 
maximum

85 knots (157 km/hr) (standard mast mount)

Wind gust, maximum 125 knots (231 km/hr)
Elevation, operating Up to 9850 feet (3000 m) relative to sea level
Ingress Protection Rating IP55
Pollution Degree (IEC 60947-1) 3 (outdoor)

Table 15 Mounting Options

In-ground pad mount L-bolts and mounting hardware, a concrete form, and plywood template for 
locating the L-bolts in the concrete pad.

Mast Used with in-ground or frame mount—3.5-inch (8.9 cm) outside diameter, 
schedule 80 3-inch (7.6 cm) aluminum pipe, 4 feet (1.2 m).

Frame mount Frame 101 inches (256.5 cm) long by 76.3 inches wide (193.8 cm), 
pressure pad, mounting hardware for 3.5-inch diameter mast. Ballast (not 
included): maximum of 18 concrete building blocks, 8 inch high by 8 inch 
long by 16 inch wide (203 mm by 203 mm by 406 mm) (4 blocks provide 
sufficient ballast for normal wind load).

Tripod mount 
(optional tray for non-
penetrating roof 
installation)

Tripod 34 inches (86 cm) maximum base spread, 62 inches (157 cm) tall 
with sensor installed, pole outside diameter 1.25 inches (3.2 cm), mounting 
brackets and hardware, optional tray and pressure pad for non-penetrating 
installation.

Maximum height 9.8 feet (3 m) maximum recommended.
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Table 16 Durability and Approvals

Mean Time To Repair (MTTR) 1/2 hour
Mean Time Between Failure (MTBF) 24 000 hours
Standards/Approvals UL, CSA, CE, MIL STD 45208

Table 17 Sensor Dimensions

Dimension
Sensor Enclosure with Antenna (nominal)
English Units Metric Units

Height 26.6 in 67.6 cm
Width 11.1 in 28.1 cm
Depth 6.38 in 16.2 cm
Weight 22.0 lbs 9.9 kg
70 ________________________________________________________________M210406EN rev E



Appendix A _______________________________________________________________________
APPENDIX A

Internal Cable Connections
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Figure 26 Cable Routing for DC Power Configuration
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Table 18 DC Power and Communications Wiring

Function Interface Cable
RS-422 RS-232 Wire Color Connector Pin
TXD- TXD Black E
TXD+ Sig Gnd 1)

1) Connect the two signal ground wires together.

White F
RXD- RXD Brown G
RXD+ Sig Gnd 1) White H
Shield Shield Shield J
DC Power
Shield Shield Shield K
+11 to 32 VDC +11 to 32 VDC Red L
11 to 32 VDC Return 11 to 32 VDC Return White M
+11 to 32 VDC +11 to 32 VDC Orange N
11 to 32 VDC Return 11 to 32 VDC Return White R

Figure 27 Sensor Communication Connections
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