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Practical Use of 
Onboard WX 

Radar



Greeting

• Professional Credential expertise
• Pilot : Type rated on A319/320/321/330/340/MD11/B742/744
• Flight Engineer / 747-200
• Flight Attendant / 737/A300/747-200/747-400/MD-11
• Investigator In Charge (IIC) of Aircraft Accident / FAA
• En-route Inspector / FAA
• Electric Technician Third Class Licensed / Taiwan, Chnia
• Radiation Inspection Technician certified / Atomic Energy Council Taiwan, 

China
• Educational Background

• Aviation Business Administration / MBA / RMIT University, Australia 
• Juris Doctor (J.D./LLM) / Soochow University (东吴大学法学院), Taiwan
• Electronic and Computer Engineering (BS) / Long Hua Univ. of Tech.

Presenting by Facilitator: Capt. Edward Kan / Eddy Qin秦艾德



欢迎

职业经历及专业
飞行员 : 机型签注A319/320/321/330/340/MD11/744

• 飞航机械员 / 747-200
• 乘务员 / 737/A300/747-200/747-400/MD-11
• 航空器事故调查员-飞机 / FAA
• 航线检查员 / FAA
工业电子技术士 / 中国台湾

辐射侦检技术士 / 台湾原子能委员会(中国台湾)

教育背景
• 航空管理硕士 MBA / 澳大利亚墨尔本 RMIT 大学

法学硕士（Juris Doctor/LLM) /台湾东吴大学法学院

• 电子工程/计算机工程本科 / 台湾龙华科技大学

Presenting by Facilitator: Capt. Edward Kan / Eddy Qin秦艾德



机载气象雷达型号
THE VERSIONS OF ROCKWELL COLLINS WX RADAR

MultiScan V1
WXR-2100

MultiScan ThreatTrack
WRT-2100



真有厂家说的那么神，他们承担所有责任吗？
WHO IS LIABLE IF CREW FOLLOW MANUFACTURER RECOMMENDATIONS

AUTO (+T or +T+HZD) mode is recommended for 
all phases of flight? 

Q1. Is Rockwell Collins willing to bear 
the liability?
Q2. Do you believe what they claimed?



墨菲定律-机组完全遵照厂家建议就能免责？
MURPHY’S LAW – WILL CREW IMMUNE FROM LIABILITY? 

Crew saw flashing on the right hand side 
of AC after TO from ZBAA around 3000 
M, all parameters were normal the flight 
was continued and found lightening 
strikes on rear side of radom….. patched 
with high speed tape……  
 Event analysis
1. LH set Wx radar in AUTO, Gain +1 
mode, RH set Wx radar in AUTO mode, 
ND range 40 NM;
2. AC were in the IMC after TO climbing 
to 1500 M and circumnavigating based 
on Wx radar.
3. According to technical info provided 
by Rockwell Collins only threats will 
display on ND
4. Mechanic has grinded the damage of 
lightening strike and carried out NDT 
probe, patched with high speed tape….



空客如是说
WHAT AIRBUS HAS TO SAY



空客跟柯林斯的差别- 听谁的？
WHAT IS THE DIFFERENCE BETWEEN AIRBUS AND ROCKWELL COLLINS

To whom that you will follow? Airbus or RC?
Why they talk 

differently? Airbus Rockwell Collins

NATURE OF PRODUCTS
产品本质

Commercial & Public safety
商业利益及公共安全

Commercial
商业利益

LIABILITY
产品瑕疵担保产品瑕疵损害担保

Huge and unlimited (Product and 
liability incurred by the product)
产品瑕疵损害担保几乎无上限

Little and limited (Product 
itself)

轻微或有限

BURDEN OF PROOF
举证责任

Heavy
沉重

Nil or light
无或极轻



空客对使用气象雷达的建议
NEW RADAR OPERATIONAL RECOMMENDATIONS

 The beam of radar, 雷达波的波束
 Manual tilts are still necessary
 Multi Scan
 On path /Off path
 Use of radar/ Recommendation; 3

N, No longer linked to the height
of CB, Not rely on the colors, No
shooting on the shadow

 Avoidance technique
 Gain control
 Tilt control 1/60 rules
 Lightening : “Observation”
 Impact of ice crystal
 Conclusion

http://gurumaster.org/wp-content/uploads/2019/08/RadarUSE.mp4


机载雷达天线模组
THE RADAR ANTENNA AND MOUNT

One antenna can only shoot one beam at a time, there is no “two antenna beams”;
Multi-Scan does not shoot two beams simultaneously, it sweep upper and lower beam 

alternatively then store in the memory for computer to compose the images together, just like 
“MRI” scan image, two sweeps takes 8 seconds / 2 NM distance coverage

Mechanics 
must calibrate 

the antenna 
leveling



电波辐射在现代的生活中无所不在
THE ELECTROMAGNETIC RADIATION IS EVERYWHERE

此相片 (作者: 未知的作者) 已透過 CC BY-SA-NC 授權

http://www.flickr.com/photos/advancedphotonsource/5940581568/
https://creativecommons.org/licenses/by-nc-sa/3.0/


电波辐射在现代的生活中无所不在
THE ELECTROMAGNETIC RADIATION IS EVERYWHERE



环境电磁波容许辐射强度分级标准
MAXIMUM EXPOSURE OF ENVIRONMENTAL ELECTROMAGNETIC RADIATION 

波长Wave 
length 单位Unit 一级(安全区) 容许场强

First level exposure
二级(中间区) 容许场强
Second level exposure

长、中、短波
Long, Medium, 

Short
V／m 〈10 〈25

超短波
Ultra short V／m 〈5 〈12

微波
Microwave μW／cm2 〈10 〈40

混合
Mixed V／m 按主要波段场强；若各波段场分散，则按复合场强加权确定

Note: μ=1x10 -6 ;mentioned in μ W/cm 2 . The gauge shown on next 2 slide is measuring in μ W /m 2



电场与磁场-风档加温才是祸首…但是
ELECTRO AND MAGNETIC FILES – WINDSHIELD HEATER IS THE WORSE BUT….

这锅我不背-雷达 I am not the one, don’t blame 
me- Radar

The strongest electromagnetic radiation is coming wind shield 
heating / intermittent heating based on preset temperature

No variation of reading regardless the 
Radar circuitry is turned on or off

http://gurumaster.org/wp-content/uploads/2019/08/windShieldHeating.mp4
http://gurumaster.org/wp-content/uploads/2019/08/RadarTestInternal.mp4


机载雷达的微波运行时对机组有害？
IS WX RADAR EMITTING THE HARMFUL RADIATION ?

RF radiation are 
everywhere 
these days, but it 
has nothing to do 
with Wx Radar !

Radar “on” as 
soon as you start 
taxi no later than 
before take off 
may save you a 
day!!

http://gurumaster.org/wp-content/uploads/2019/08/RadarTestExternal.mp4


理解雷达波束的结构
THE ANTONYMY OF RADAR BEAM(S)

Beam width can be calculated by means of geometry in relation to the angles and distance
But…………. Is the radar beam exactly 3.5 º sharp, for precise calculation?



理解雷达波束的结构
PRACTICAL USE OF WXR 2100 RADAR- UNDERSTAND THE TILT

Tilted 0°

Radar Beam width 3°
(3.5°) Not to scale

Beam width 1 NM 
（6020 ft)

Beam width 2/3 NM 
（4000 ft)Beam width 1/3 NM 

（2000 ft)

60 NM40 NM20 NM



理解雷达波束的结构
PRACTICAL USE OF WXR 2100 RADAR- UNDERSTAND THE TILT

60 NM40 NM20 NM

0°Reference

(Distance not to scale)



理解雷达波束的结构-距离与高度
PRACTICAL USE OF WXR 2100 RADAR- UNDERSTAND THE TILT

18000+ ft

12000+ ft

6000+ ft

B
E

LO
W

0°Reference AL



理解雷达波束的结构-距离与高度
GROUND CLUSTER FALLS WITHIN THE TRIANGULAR CONE 
MAPPING 

Tilt -4.5 degree
At FL 340 the bottom of beam
(4.5+1.5)x5020 ft= 30000 ft



增益GAIN的理解与使用
THE GAIN CONTROL



增益GAIN的理解与使用
THE GAIN CONTROL

The basic principals 
of radar has never 
been changed for 
almost 50 years 
(fours colors + later 
Doppler effect)



增益GAIN的理解与使用
THE GAIN CONTROL

20 
dB

30 
dB

40 
dB

Calibrated

+4 dB

+8 dB

-3 dB

Dynamic indicator Doppler 
effect  

Gain has nothing to do with echo (rainfall) intensity, it merely 
changes the way how that electronic signal is going to display 
colors 

e.g. 16 dB will display black, but if you 
turn gain control to  + 4 dB, then it 
starts to display green



增益GAIN的使用- 使用不当不理解 – 自己吓自己？
SELF CREATED THREATS – IMPROPER USE OF RADAR

1. Precaution (Auto)

2. Check how high is the 
wet top, my alt and 
above (Manual)

3. Check intensity 12000ft 
below my alt at 120 NM

4. Check relative intensity 
12000ft below my alt FL 
301

5. Confirm it is safe stay on 
route

6. This was what everyone 
else is avoiding, AUTO 
Gain +8

Se
lf 

cr
ea

te
d

 g
ho

st
 

“t
hr

ea
t”



情景意识-知道你在绕啥不？
SA-DO YOU KNOW WHAT YOU ARE AVOIDING?

Gathering data

Analyzing data

Understood 
data

Decision 
making-Safe to 
go

This was it, when 
out of cloud at 
position on left

http://gurumaster.org/wp-content/uploads/2019/08/Danger.m4a


自动模式下的增益与人工模式大不同
GAINS ARE NOT THE SAME

Understand the 
system logics when 
use AUTO functions !!



自动模式下的增益与人工模式大不同
GAINS ARE NOT THE SAME

By examine the real flight 
condition, the reflectivity 
of precipitation level, It is 
the case that the gain 
control in 

AUTO mode gain set to 
CAL at cruise level 
= 
MAN mode gain set to 
MAX

SO WHAT ABOUT 
AT LOW ALT?



自动模式下的增益与人工模式大不同
GAINS ARE NOT THE SAME

It does not seem much of 
difference by comparing 
the High Cruise Level 
and Low Approach 
ALT !!

USE AUTO 
MODE WISELY !!
Fool-proof radar 
won’t proof fools



增益GAIN的使用- 使用不当不理解 – 自己吓自己
AVOID GREATEST THREAT OR AVOID BASED ON COLORS?

NOT A THREAT !!
“Do not avoid based 
on colors”- Airbus



季节或地域性垂直降水叠加回波
BRIGHT BAND / MONSOON RAIN EFFECT

Colors are not the 
only 
identification of 
THREAT, it could 
be merely a result 
of nature 
phenomenon and 
man made 
machine



不能单从云系的外观判断影响-无害云系
EXAMPLE OF NON THREAT WX

It may not look 
as bad as it is !!



V2 Threat track  危迹功能系统逻辑
THREAT TRACK LOGICS



V2 Threat track  危迹功能系统逻辑
THREAT TRACK LOGICS



雷暴的一生剖析
AUTONOMY OF THUNDER STORM CELL



回波信号衰减
ATTENUATIONS

1. Coulomb‘s law  F=kQ1.Q2/r²（k=1/4πε0)库伦
定律：电波强度与距离平方成反比

2. Low reflectivity of body of precipitation in 
nature



回波信号衰减及警告
ATTENUATION AND WARNING



回波灵敏度补偿回路-库伦定律：电波强度与距离平方成反比
SENSITIVITY CONTROL STC - COULOMB‘S LAW F=KQ1.Q2/R²（K=1/4ΠΕ0) 



自动模式不是万灵丹
AUTO MODE WON’T SAVE YOU A DAY

If the Wx 6000 ft below is insignificant, why BLOOMING 
becomes an issue?



理解并有效使用自动模式-勿盲目自动
DO NOT BLINDFOLD AUTOMATICALLY

Monkey pushes the 
buttons, human push the 
brain !!

WHAT !?  It is 
okay to go 

through the 
HAZARDS??



自动模式下可能威胁预警
AUTO PRECAUTIONS

Real flight Example 1-1

Spot the potential 

threat for further 

analysis



转换人工模式确认
MANUAL CONFIRMATION

Real flight Example 1-2

Concur threats for 
avoidance path



自动模式提供信息可能不完整
AUTO MODE MIGHT TRAP YOU

Real flight Example 2-

1
Shortly after take off 

AUTO indicated only 

precipitation at 030-040 

bearing / 20NM range



人工模式逐步确认
AUTO MODE MIGHT TRAP YOU

Real flight Example 2-2

Revert to manual 

mode

And tilted up +2 at 

030-040 bearing / 

20NM range



确认威胁-回避
AUTO MODE MIGHT TRAP YOU

Real flight Example 2-3
Revert to manual mode

And tilted up +3.5 at 030-040 

bearing / 20NM range

indicates cumulous stage TS 

at high ALT hidden by AUTO



总结 – 正确合理地理解并使用机载气象雷达
SUMMARY – UNDERSTAND THE RADAR CORRECTLY& USE WISELY

AUTO BLIND FOLD

Some functions 
may have the state 
of art in 
mind….but you 
are a pro pilot

Be advised of internal “shortfalls” 



正确理解威胁性天气
CORRECTLY UNDERSTAND THE WX THREATS

Torrential 
Rain Lightening

Strikes

Turbulence
Hail Strikes

Low 
Visibility



Low VSBY LL WS +RA Turb TS Lightening 
Strike Hail

30000 ft

20000

10000

5000

GND

You need to know how Wx are formed and how will they affect you



绕飞决断听谁的
TO WHOM THAT YOU WILL FOLLOW

AUTO Mode may impair your SA

Auto Mode may lead you to 
inconsistent judgement

Auto Mode may give you false 
warning 

You are the pilot, you call the shot, not 
Airbus nor Rockwell Collins 

AUTO SCARE

FOLLOW YOUR 
JUDGEMENT



总结 – 正确合理地使用机载气象雷达
SUMMARY OF PROPER USE OF ON BOARD WX RADAR

Disclaimers: 
1. The statements herein are based on weather radar manufacture’s user manuals 

(WXR2100/WRT2100) and Airbus recommendation of how to use the weather radar; in 
addition to author’s experience, operational practice and validation of proclaimed 
functions by the user’s manual in real flight.

2. It is based on the campaign of Airbus RDPM (Recognition Primed Decision Making) 
principal in which way the experience counts.

3. These statements are by no means official nor intended to replace airlines policies and 
procedures, if airlines only require pilots to use recitation, i.e. 1 notch, 2 notch, instead 
of understand the system logic about what is the functions behind the “notch”, then all 
reference herein has no reference value in all circumstance.

4. These statements are not indented for recite & apply, these are not procedures but the 
means to understand the system logics of Wx radar and the structure of Wx threat 
therefore understand the interaction in between mother nature and man-made machine 
to archive both safe and efficient operation in regard to decision making for “threat” 
avoidance in flight, author will not be held liable in  any way whatsoever, reader’s 
discretion is advised.



总结 – 正确合理地使用机载气象雷达
SUMMARY OF PROPER USE OF ON BOARD WX RADAR

免责宣告: 

1. 本文论述系参照雷达制造商所发布雷达使用手册(WXR2100/WRT2100)以及空中客车公司对于机载
雷达的使用建议，并基于多年经验，根据雷达使用手册所宣称的功能在实际航班运行所综整得出结
果。

2. 决断的思路的实践系根据空中客车公司所倡议的「全方位认知决断模式」RDPM (Recognition 
Primed Decision Making)，经验是决断的核心依据。

3. 本文的论述非属任何官方文件或经官方认可的文件，更不是用来取代个别航司的天气绕飞政策或既
有的程序，如果个别个人或航司规定系以死记硬背式的操作，例如增益加一档、两档等等，而非加
一档为增加4dbz 的意义为何？对系统功能产生的效果为何，则本文对其并不适用。

4. 本文的论述以及附表总结出的结论，目的在于透过概括性的快速判断，帮助飞行员短时内能做出合
理绕飞天气威胁的路径，并非可供强记并直接套用的程序，还必须透过对机载雷达工作原理的认识
及对威胁天气的形成理论，交叉验证、实践获取经验跟信心，达到实现高效、安全的运行，珍惜有
限的空域资源，请自行判断采用并承担责任。



总结 – 正确合理地理解并使用机载气象雷达
SUMMARY – UNDERSTAND THE RADAR CORRECTLY& USE WISELY

SETTING OF NAVIGATION DISPLAY

320 NM 海里 160 NM 海里 80 NM 海里 40 NM 海里

General overview Strategical 
planning

Circumnavigatio
n

Decision making 

Threats 
avoidance

总览 绕飞策略预案拟定 绕飞决断 回避危险天气
AUTO AUTO+MAN+AUTO MAN+AUTO+MAN MAN+AUTO+MAN+MA

N



总结 –天气绕飞敬畏指数
Summary – Wx Avoidance Respect Index 

Wx Avoidance Respect Index 天气绕飞敬畏指数

Doppler Effect Turbulence 杜普勒效应颠簸反应 Aircraft Altitude
飞机高度 Radar Echo 雷达回波

Magenta 洋红 (Radar Echo ±10000 ft) Black 黑 Green
绿

Amber
橙黄

Red
红

RANDOM /LIGHT / SCATTER AND PATCHY 显示不定/色淡/分散不集中(注1) 0 -5000 ft 0 0 1 2

STEADY LIGHT / SMALL AREA / PATCHY 持续显示色淡/小范围 / 分散 1 5000 ft -10000 ft 0 0 1 2

STEADY BRIGHT / SMALL AREA 持续显示色浓/小范围 2 15000ft -20000 ft 0 0 1 3

STEADY BRIGHT / LARGE AREA 持续显示色浓/大范围 3 20000 ft - 25000 0 1 2 5

注1(note 1)：possible nuisance 有可能是假信号
*”area” is relative term, refers to relative to the area of precipitation echo “小范围“是相对而
言，相对于所在回波范围而言。
*Wet top is identified by MAN tilt and effective gain setting, CAL as basis no more than 
+4 dB

25000 ft + 0 2 4 5

@ Respect index敬畏指数= Magenta 洋红（index）+  Radar Echo 雷达回波(index)

= Threat Avoid 威胁，果断绕飞

= Threat Avoid威胁，果断绕飞

= Consider a threat Avoid，seat belt sign on PA everyone be seated if not 考虑绕飞，若不绕飞，系安全带灯开/广播全员就座

= Not a threat 非威胁

= Not a threat非威胁

*This a supplement only to a professional pilot, not a procedure for recited and repeat; Airmanship and professional knowledge shall prevail.

*本表仅供实际飞行中印证理论知识的补充参照，并非可供死记硬背照的程序，职业素养的体现与专业知识才是最终的决断依据

無法顯示圖片。

Copyright ©2019 guruMaster



延误的锅该谁背？
WHO IS RESPONSIBLE FOR AIR TRAFFIC CONGESTION AND DELAYS ?

Professional pilots exercise their professional knowledge, 
CRM principal and Aeronautical Decision Making with 
critical thinking.
Amateur pilots make decision based on senseless 
speculations and wrongful belief without logical thinking.
99.999999 % of the time is not critically related to safety 
in term of CRM decision making . (………safe and efficient flight,FAA) 



Thank You
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