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(Product Introduction)
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The TBQ-2L total radiation sensor is

used to measure the solar radiation

received from a 2 m spherical solid angle

(hemisphere) on the horizontal plane, with units of W/m’. The TBQ-2L total radiation
sensor operates in a completely passive mode, using a thermopile sensor to generate
an output voltage proportional to the incident radiation flux. Due to the use of two
spherical glass domes, which reduce measurement errors, especially thermal offsets,

the sensor has high measurement accuracy.
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(operational principle)
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The TBQ-2L total radiation sensor uses a black coating on the sensor to absorb

solar radiation, which is converted into heat energy and enters the interior of the

sensor. A temperature difference is formed at both ends of the thermoelectric stack,
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thus generating a voltage output signal proportional to the incident solar radiation.

The structure diagram of the TBQ—2L total radiation sensor is shown in Figure 1:

(1) 28 (bR 3 2K) (2) pitr = (3) 7K HE
Cable (standard length 3 m) Hood Level bubble
(4) A7 ST N =2 (5) AL PIHH R
Quartz glass inner cover Quartz glass cover
(6) iy B8 (R 25 1 i AR SR (7) HLEERIT K% Sk
Thermoelectric stack sensor with black coating Cable waterproof head
(8) 7K-~F- i 11 i (9) BT HL BB AR
Level the feet Printed—circuit board

=. MAZE:

(Application scenarios)
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It can be used for meteorological observation, building physics, climate and solar
light collection experiments. The usual application is as a part of a weather station
to measure outdoor solar radiation.
IV LE S Y
L. fi#fE 1S09060 A1 WMO FATEAS, i class B ZhnitEs
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1. According to IS09060 and WMO technical indicators, it meets the class B standard.

S

2. The adoption of high—precision thermopile semiconductor processing technology
ensures higher, more stable, and more accurate overall batch performance and
measurement precision.

3. The high—quality lmm protective cover and fully enclosed design can prevent the
impact of external environment

4. Fast response speed, low internal resistance, and quick reaction speed ensure
accurate data.

5. Data calibration can be performed around the clock, including on sunny, cloudy,
and overcast days, ensuring more accurate data.

6. High-precision horizontal bubble processing for fine anchor screws, with point-1like

grounding for more precise horizontal adjustment.
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T BRIEIR:

(Qualification )
TBQ-2L e 5 S A% 2% 1 £ B R B Fr i 1:

The main technical indicators of TBQ-2L total radiation sensor are shown in Table 1:

1S0/WMO £ AR F5 bx
TBQ-2L
I1SO/WMO technical indicators

IR T Z bR AE 72 B
bR —g K
Classify according to

National standard level 1 table
meteorological standards

M) J87 B 7] (95% M )
<10s

Response time (95% response)
E e :

Zero point bias:

(a) FHPNT 200W/m? {08 5 G x)
Corresponding to 200W/m* net <10 W/m?
heat radiation (ventilation)

(b) AR T PAEEIR AL 5K/h I

Corresponding to the response

AW/ m?
of environmental temperature change

5K/h
FasE t Ak /4, W E 43 %)

Stability (change/year, percentage 429
of full capacity)
1E 2t N
+1% (10071000 W/m?)
Nonlinear

77 A A e J87
+20 W/m

Directional response

T P e J97 N

<4%(-10740C)

Temperature response
AT [
<1%

Tilt response
R
7-14uV/(W/m*)

Sensitivity range
TAFUREE
-40~+80C
Working temperature

W

<50Q
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Internal resistance

Spectral coverage

PRt ST K S 5
m
Standard cable length
U S R
072000 W/m?
Measuring range
FL 2 5 460 FH AT AR FH 22 2 FL
Cable replacement The user can remove and install the cable
TG 28073000 nm (50% 13T £1)

(50 per cent penetration)

BEIER

Read requirements

— AN 2253 FELUHR T8 3 B — ™ By FE R JE
A differential voltage channel or a

single—ended voltage channel

IS e

Horizontal alignment

ALFE 7K HE VAR S TR
It includes a level bubble and an

adjustable foot

output signal

H W45 = A e BT
+2%
Uncertainty of solar radiation dose
HiE (NEFEHE%Z)
0. 8kg
Weight (excluding cable)
12 B 1B WRR,  FRIFHEHE 1S09847
Calibration traceability To trace WRR, follow 1S09847
R HE A 1 PAFE—IK
Suggest calibration cycle Biennial
MHES

0720mV. RS485. 47 20mA

(Product physical dimension diagram)
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P ®  Product physical image
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Product Dimension Drawing
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1. W HAE Receive inspection
IRIR P R N B AE I R A
SR IAE RS 1 & (F i)

REHEAMEAIE 14
[ 5 24T 1 &
HiEA 1A
- F0 1 4

FATE B P E A RAE A e % 2 5 .

The goods delivered to the customer shall include the following items:
Total radiation sensor 1 (including cable)

One calibration certificate

Set of fixed screws

Clean cloth 1 sheet

User manual 1 copy

We recommend that users store their certificates in a safe place.

. RS R

(Sensor installation)

TBQ 1] S S5 SR80 KF 22288, (H St AT DABTRY 22 34 M5 B 22 3% . IR TEMRFh 22
TR, AL AR (A N IR 31 15 A [ 3 B N T R T -7 1R~ T L PR o

SRR IR 1) 22 S B ST O R, R R AE — AR A T AL KT 5
RS, WELEM BT & 224k, WE THSAECTE 6. £ 6 B g — P A5
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AR IRER R PR A K B B AR, I S AR R M i A RAFAIRR A . SEAEF S B4 1. 5m, %
SRR, B sz B E b e R B (IR ), WA AR ZKTIRES o Dy 1 3R15 B0 Sk L 11
DU, FRATTER A P A6 o i JX U

IEHEAALTT ML, FHRETRAX AR HID E AE e b, SR JE R AR L BT I R K L,
R R JEC AR BRI, A R A SRR RS T AL T AR, AR e 2 R AT . TBQ-2L [ iE
LHEIE R FIINE 2

The TBQ series total radiation sensor is usually installed horizontally, but it
can also be installed at an angle or upside down. In either case, the sensor measures
the amount of radiation incident on a plane parallel to the surface of the sensor’ s
sensing surface

The installation position of the total radiation sensor should have an open field
of view, especially ensuring that there are no obstructions greater than 5 degrees
at sunrise and sunset throughout the year. It can be installed on the ground or a rooftop
platform, with dedicated pillars or platforms set up. A metal plate slightly larger
than the base of the total radiation sensor should be fixed above the pillar, ensuring
good thermal insulation between it and the instrument. The platform should be about
1.5 meters above the ground, securely mounted so that even under severe impact or
vibration (such as strong winds), the instrument’s horizontal position remains
unchanged. To achieve higher measurement accuracy, we recommend users use a heated
ventilation hood.

The instrument terminal is oriented north, and the instrument is initially fixed
on the mounting plate with screws. Then, the adjustment feet on the base are adjusted
using the level bubble attached to the instrument to make the sensing surface of the
total radiation sensor horizontal, and then the installation screws are fixed. See
Table 2 for TBQ-2L fixing installation precautions

R 2 TBQ R AR AR IR [ E 2
Table 2 Precautions for the fixed installation of TBQ series total radiation sensors

BB [ 5 R BAEAPE P D MR A S A SRR [ 2 A 22 3R AR

Mechanical Attach the total radiation sensor to the mounting plate with the
fixation screws in the attachment.
I 1% 38 G 7E K P YN B AR R 28 2 AR i, CAB IE A B r= A
e A ’
5 .
Installation

Items should be avoided between the path of sunlight and the
site
instrument to prevent shadows on the instrument.

S i BRI KT E RE s A A & B AR 7K AV 7R R O 22 R B TR 1 A

Horizontal If the level is fixed, it takes patience to adjust the level feet
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alignment multiple times using the bubble on the instrument
ZAETT A e
. Fedvmii b
Installation
The wiring terminal faces north.
direction
R WA B 2 e 1) 0h, WMO B e A B M i AMIE T 1. 5 KW & B

Mounting height

If installed upside down, the WMO recommends installing it no less

than 1.5 meters above the ground.

i 4t
Tilt

W H A28, BJRAE— SR b nl MBURE 22 e s ) B 2o e, AR R
BLR B DB N SR AE — A5 A% SRR R THI P AT (A DX T K PR AR S
Usually installed horizontally, but can be installed at an angle
or upside down in some applications, it measures the solar
radiation flux incident on a surface parallel to the sensor surface

in various situations.

/\\ %%%X:

(Definition of wiring)

ERRAL AR B B RE RS

Connect sensor cable to data acquisition system:

*2 LI
Table 2 Wiring mode
55 ) m e R 4
Signal Dyestuff Instrumentationsystem
0-20mV %y th A% Jk 4%
0-20mV output sensor
el i+ a LV PN
Sensor output + Red Voltage input +
IR - el F I A\ - Bt
Sensor output— Blue Voltage input—or ground
B B Hiy
Shield Shield Land
RS485 i 4% £k 75 31X
RS485 output wiring mode
CERE PN a & FL Y Y +
Power input + Red Power output +
CERZE NG ) FL Y Y - Bt
Power input-— Black Power output—or ground
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RS485-A 1554 th i)
RS485-A
RS485-A signal output Yellow
RS485-B 15 5 i &
RS485-B
RS485-B signal output Green
4-20mA i H 4228 757 X
4-20mA output wiring mode
CEV PN AN i} FEL YR 0 HH +
Power input + Red Power output +
(CReE s WA 4-20mA F A\
Signal output Yellow 4-20mA input
VLD i & FEL V5 0 L - i
Power input— Blue Power output—or ground

s BTG
(Communicating protocol)

SRR T 485 it A A

It is limited to 485 output use

—. #EWASH Communication parameters
PR 9600 T AL E
HyEhr: 8fr
(ESI AN
TR TR
HWIRTT A RS485
WM EEVE . 17255 A EE (BRI D
iR : Modbus—RTU 3 i
Communication baud rate: 9600 configurable
Data bits: 8 bits
Stop position: 1
0dd and even parity: invalid check
Communication mode: RS485

The range of the mailing address: 1 to 255 is configurable (default is
1)

Communication protocol: Modbus—RTU protocol

10
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. ThEEEA4H Function code introduction
Thers 030 (ERZA2FfE4)
Function code 03H (read multiple registers)
Al AT

Query: Downstream

SO 3 B LAk + T RE A5 + 37 A7 45 ES 46 Hh bk + 3 A7 4% 2R +CRC16 K2 5

Message format: device address + function code + register starting address

+ number of registers + CRC16 check
5 F: Example

A A A P174% | CRC16 | CRCL6
A& Hhik | Dy RE Y el | AL W M= L e
Device |Functio ] iRy Ay =] R =]
address |n code Register Register . Register |CRC16 CRC16
) Register ) o o )
Start starting count High quantity Yerlflcat verificati
address address low byte lower byte|O! on
high byte [pyte lower bytehigh byte
0x01 0x03 0x00 0x00 0x00 0x01 0x84 0x0A
ER IR

Lo &tk #8485 W2k B R DA 2 DB, s Ab bk R o B AN E — > b ik 3¢

I
2. THREM . B2 AFAF &M D RERS £ 03

3. EIRhE 8L RSN o AR AU A A7 A% R A bk, ) 5 AR ah bk 0.
4, FAESBE AL K 8AL: Fom NI IT 4R 2 DA FHEA. Bl TR 1A%

Fas.
5. CRCH: 5. fdi FH CRC-16/MODBUS, Z IR, A:
R ALAE AT S AL TR G -

The meaning is as follows:

(x16

HE, EREIMEEFR —DFAEFRERE ZAFN.
+ x15

+ x2

+ 1),

1. Device address: Multiple devices can be connected to a 485 bus. Here the address
indicates which address device you want to communicate with.

2\

3\
of the register to be read. In this example,

4\

Function code: Read the function code bit 03 of multiple registers

The high 8 bits and low 8 bits of the starting address: indicate the starting address
the starting address is 0.

Register count high 8 bits, low 8 bits: indicates how many registers to read from

the starting address. In this example, it is one register. Note that one register in

the returned information requires two bytes.

5. CRC verification: Use CRC-16/MODBUS, the polynomial is: (x16 + x15 + x2 + 1),

Low in front and high at the back.

MmN AT

Response: Upstream

11
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Wbl EhRehd BEORKE T £ A U fF 4% ICRC &R WCRC K
Device  Function | G S F I (5 o VI A N VI 1A S
address  |code The numberfRegister [Register [CRC checkiCRC check
of bytes infl high{l low bytellow byte |high byte
the data |pyte
0x01 0x03 0x02 0x00 0x6F 0xF8 0x68
DR

L. ¥ o ikl 55 2h G865 A _E T AR ]
2« BRRE 7 WHG RowiR BUEHE 7B BT IR BT A AR O

N AT WE2ATA, U3t a Ay
3. WAL LT, WS URTWRE —Mafd, FFf28T, FFa217

e A

TR ZANFA R IR B FESE S 2 111, 0
4. CRCK & [A] |

The meaning is as follows:

1.

2. Data length in bytes: indicates the number of bytes returned. In this example,
two register data are returned, because one register takes 2 bytes
of 4 bytes

3. Register 1 high byte
2 high byte, register 2 low byte is the second register.
returned by the example are 111 and 0

The device address is the same as the function code above

so a total

register 1 low byte is the first register, register
The decimal values

4. CRC verification is the same as above

[1)] &S EAHLERMAE:  GhrifE MODBUS)

Set the communication address with the host computer: (standard MODBUS)

£ F% Name =75 Byte ¥R Data
KAEACH | 0xXX: sl T L
Collector address Total radiation meter address
ThRERS ) 0x10: ThAERS ([ E 0x10)
Function code Function code (fixed 0x10)
s X ———F A7 A Ml = 0x05: B A A7 719
Data area—high byte of register 1 Set the high byte of the
address register
A X ——— A7 A M T 0x01: W& ZFAFAMKTT
Data area——Low byte of register 1 Set the low byte of the
address register
Bl X ——— T A S R A 0x00: & {7 a8 =71y
Data area—high byte of the 1 Register number high byte
number of registers
s X —F A R E LT 0x01: ZFAFaEEIRTTT
Data area—low byte of the 1 Register count low byte
number of registers
Bl X ——Hl i KR . 0x02: Hdhi 71K
Data area—data byte length Data byte length
Kl X ——— 27 A7 e B0 = 1Y 0xXX: W iE il ht
Data area——high byte of 1 Device communication address
register data
B X ———F A7 S B 1 0x00: A7 7w R AR T 719

12
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Data area——Low byte of register
data

Low byte of register data

CRC #2561l
CRC check sum

CRC £ 56
CRC verification

2y BARM-NE: MERSTER > BRI

Data frame—response: total radiation meter—> upper computer

CRC check sum

A F% Name 77 Byte HIE Data
KA ) 0xXX: MR R
Collector address Total radiation meter address
IR | 0x10: ThEERD
Function code Function code
Hdls X —— B B A A A 0x00: & ZFAF4% =710
Data area——Set the high byte of 1 Set the high byte of the
the register register
Bl X ——— B B A A7 AR T 0x05: & ZFAF AT 17
Data area—Set the low byte of 1 Set the low byte of the
the register register
B X —— K s | 0x00: 715K B ey 519
Data area—byte length high byte Byte length high byte
Bl X - K AR . 0x01: T KBEART- Y
Data area——Low byte length Byte length low byte
CRC K& AN 0 CRC 2545

CRC verification

13
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Set the communication baud rate with the host computer:

14

(bR7HE MODBUS)

(standard MODBUS)

CRC check sum

A ¥ Name 77 Byte #IE Data
RAEEAH IR ) OxXX: JEh4R S R Mokt
Collector address Total radiation meter address
Dihens | 0x10: DjRets C([EH & 0x10)
Function code Function code (fixed 0x10)
Bt IX ——— 2 A A il vy 219 0x05: WHEAFFH =T
Data area—high byte of 1 Set the high byte of the
register address register
B X ——— A7 A A7 0x03: W & ZFAF AT Y
Data area——low  byte of 1 Set the low byte of the register
register address
s X —F A s B = 0x00: ZFfFasdiimm T
Data area—high byte of the 1 Register number high byte
number of registers
s X —FF A7 a R R 0x01: FFfFasiRIRTr
Data area—low byte of the 1 Low byte of the register count
number of registers
ol X — 4 K ) 0x02: 74K
Data area—data byte length Data byte length
OxXX: I TH R
Communication baud rate
" e b e e [UiE7 T 0x01: 4800
Al DX 25 A7 45 Bl 55 1 Explain 0x02: 9600
Data area——high byte of 1
. 0x03: 19200
register data
0x04: 38400
0x05: 57600
0x06: 115200
s X ——F A7 A B K 7 0x00: ZF A7 A BT
Data area——Low byte of 1 Low byte of register data
register data
CRC £ 56 1 5 CRC &5

CRC verification

2. BARMI-NE: MERHER > BAIHL

Data frame—response: total radiation meter—> upper computer
4 TR Name 7% Byte HIE Data
KEAHE ) 0xXX: MR R b
Collector address Total radiation meter address
IR | 0x10: ThAERD
Function code Function code
Hll X —— W B A7 e 1 0x00: ¢ B 7 17 iy 719
Data area——Set the high byte of 1 Set the high byte of the
the register register
Bl X ——— W E A A AT 0x05: & A AF AT 17
Data area——Set the low byte of 1 Set the low byte of the register
the register
B X ——F K T 0x00: FHT KL= T
Data area-byte length high 1 Byte length high byte

byte

14
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Hlfs IX - KSR . 0x01: T KBEART- Y

Data area——Low byte length Byte length low byte
CRC K& AN 0 CRC 245

CRC check sum CRC verification

T ZET RSN

(Maintenance and fault diagnosis)
1. ZE¥* Preventive maintenance

(1) B EZ 53, PR I 7K B RS 5 Vi B =R A AT BRI B AT, R A B SRR B, I R IR | 412

(2) HPIRSHTE, ALBEACTIRE KL, 7 Z R T E SR AT AT AR, B R R KCF FiE
L E RET

(3) &R OTANY, LT

(4) PERs i B EdE, ThRETE R 2210 5 R DM AR 2, PR 2 ) & 08 2 B 1) H i 4

(5) FHUCRLHE, WA PAERIHE— .

(1) When the glass cover is contaminated, clean the glass cover with a soft cloth dipped in water or
alcohol; check the inside of the ball glass cover to see if there are condensed water droplets, if so,
return to the factory for maintenance;

(2) Level status check, when the sensor level status changes, loosen the fixing screw and adjust the
level adjustment foot again until the sensor is level and tighten the fixing screw;

(3) Check whether the cable is damaged to prevent open circuit;

(4) Strictly check the data, functional errors are usually manifested as abnormal measurement values
strict check of measurement data is the best daily maintenance;

(5) Re-calibrate, it is recommended to calibrate every two years
2. W&z Fault diagnosis
FRIRARANBE IE W TAERS 42 T 3R 4 BT #R2

When the sensor does not work properly, press Table 4 for fault diagnosis

®4 LRGSR

Table 4 Sensor fault diagnosis
Lo R AR S P FRL R R BT, IXAME N IZ /N T 200 Wl R AMERGE S, W
RYI R B (R FL k), AR METE RO, AR B BT it (R B L 2) « XM
AR T DAAE A% B A P00 75 N 3EAT 5
2. FH RS VBT R AG A A TR (KIS, K — A 100 PL AR KT 00 [ £ B AR k4 10 J&
KO BE B BEW 7 A — 5 AR T PR e S
3. EIEAE 1 Z RV NI gs A2 K a — D=2 R B LN E S IO B8R

1. Measure the impedance of the wires at both ends of the sensor, which should

fE IR 5
The sensor has no

output signal

be less than 200 ohms. If this value is close to zero, it indicates a short

circuit (check the wires), if this value is infinite, it indicates an open

circuit (check the wires). This check can also be done when the sensor is

15
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covered;

2. To check the sensor response with a 1it incandescent lamp, a 100-watt bulb
fixed 10 cm away from the sensor can produce a certain level of response;
3. Data acquisition is checked by applying a millivolt level signal source

to the sensor in the 1 millivolt range.

fRIEEME S A LR
T e B A
The sensor signal
is abnormally

high or low

L ke E R SRR LT RS R L, B MERESHAE S B ORE R
JZ &AL

2. AIHENE & =U/E AW IEH, REHERESNIZRLR;

3. KA HL LR T IR

4. R EHHER LA AL, IR E T U U (X S4B e 80E B B iR
JEE AT AR R R AT

5. 3 I A 22 AR 1 BT Y N 45 1% S — D 2 ARE R E S EORAS BB R A
1. Check whether the correct sensitivity coefficient is input in the
algorithm, each sensor has its own specific sensitivity coefficient;

2. Check whether the verification algorithm &=U/E is correct and check the
wiring condition of the data collector;

3. Check whether the cable is broken;

4. Check the reading range of the data collector, the heat flow can be
negative (which is beyond the reading range) or the amplitude can exceed the
reading range;

5. The data collector is checked by applying amillivolt level signal source

to the sensor in the millivolt reading range.

K5 5 Bk
T e 5l
The sensor signal
shows unexpected

fluctuations

1 Ao B PR 75 A 9 K P RE SR S (5 S IR (s . E2kias)

2. K B B I O

3. KA AR RS F R IEBOIR L o

1. Check whether there is a strong electromagnetic radiation signal source
(radar, radio, etc.) nearby;

2. Check the shielding condition;

3. Check the connection of the sensor cable

16
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