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Large scale 
AC/DC 

hybrid grid

Highest 
voltage 

class

Most 
renewable 
generation

 Installed capacity: 1780GW

 Trans-area transmission: 250GWLargest 
scale grid 
installed

Most 
share of 
DC grid

 AC: 1000kV

 DC: ±800kV

 Up to 294GW

 29 DC lines

 DC share to 40%

 10 DC lines is building，

 Flexible DC，VSC

1. Background

A new form of Power Grid ！
DC-AC-AC Grid-AC/DC
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2. Cascading Faults in AC/DC Hybrid Grid

One component faults, resulting in other components/systems fault 

or abnormal operation in AC/DC Hybrid Power Grid.

Several typical cascading faults cases

Cascading Faults 

 AC Fault  DC Commutation Failure(CF), Consecutive, simultaneous

 AC Fault  CF  Block, monopole / bipolar block

 AC Fault  CF Block DC Power Flow Transfer (PFT) to AC

 AC Fault  CF  Block  DC PFT  AC Cascading trip紫
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2. Cascading Fault in AC/DC Hybrid Grid

The Features of Cascading Faults

The Cascading Faults is a Frequently Occurring Faults
in AC/DC Hybrid Grid.

 Be almost a definitive event；

 Not caused by hidden fault；

 Not only cascading trip；

 Even result in blackout, like Brazil 3.21 blackout
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Commutation Failure
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2. Cascading Faults in AC/DC Hybrid Grid

Voltage of the bus at inverter station drops (by AC fault or others)

The thyristors can’t to be turned off

The power in DC line drops
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DC Block

2. Cascading Fault in AC/DC Hybrid Grid

1. Consecutive commutation failure
2. long-last commutation failure
3. over-voltage of bus at converter station

Stop triggering thyristors
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Power Flow Transfer

2. Cascading Faults in AC/DC Hybrid Grid

DC Block
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The power in DC line 
transfers to AC line 

紫
金
论
电



Cascading Trip of AC lines

2. Cascading FaultS in AC/DC Hybrid Grid

DC Power Flow Transfer, AC lines can't afford the power flow

Cascading Trip happens
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Model：Revised IEEE 39-bus (2DC+1AC)

3. Model and Simulation

An AC/DC hybrid system is
built based on IEEE 39-bus
system.

• Bus26 → Bus28, AC1.

• Bus3 → Bus27, DC1.

• Bus14 → Bus15, DC2.

• Two fault points are set
in Bus16 (F2) and Bus17
(F1).

Sending side grid Receiving side grid
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3. Model and Simulation

F

3.1 Simplified Model
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演示者
演示文稿备注
1.所研究模型为两条高压直流输电线路，一条交流输电的两区域混联电网；2.故障设置在高压直流逆变侧换流母线上；3.测量点分别设置在A、B、C、D、E、F点，用于反映连锁故障的发生过程。



3. Model and Simulation

F

3.2 Cascading Faults Simulation

t=0.5 s
AC fault is 

initiated

t=0.5 03s
Commutation 

failure is 
initiated

A DC block may happen Restoration

Commutation failure
initiated at t= 0.503 s

t=0.6s
AC fault is 

cleared

t=0.64s
DC pole 
blocks

t=0.652 s
BRK1 at AC 

line trips

t=0.657 s
BRK2 at AC 

line trips

Extinction angle
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演示者
演示文稿备注
1.故障发生于0.5s时刻，从0.503s时发生换相失败；2.故障在0.6s得到清除。高压直流恢复过程中，在0.64s时引发了过电压；3.过电压导致了直流闭锁。



3.2 Cascading Faults Simulation 

3. Model and Simulation
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t=0.5 s
AC fault is 

initiated

t=0.5 03s
Commutation 

failure is 
initiated

A DC block may happen Restoration

t=0.6s
AC fault is 

cleared

t=0.64s
DC pole 
blocks

t=0.652 s
BRK1 at AC 

line trips

t=0.657 s
BRK2 at AC 

line trips

DC pole blocks at
t= 0.64 s because
of overvoltage
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演示者
演示文稿备注
1.故障发生于0.5s时刻，从0.503s时发生换相失败；2.故障在0.6s得到清除。高压直流恢复过程中，在0.64s时引发了过电压；3.过电压导致了直流闭锁。



3.2 Cascading Faults Simulation 

F

3. Model and Simulation

t=0.5 s
AC fault is 

initiated

t=0.5 03s
Commutation 

failure is 
initiated

A DC block may happen Restoration

AC line switches off
at point D at t= 0.652
s because of AC line
overcurrent

t=0.6s
AC fault is 

cleared

t=0.64s
DC pole 
blocks

t=0.652 s
BRK1 at AC 

line trips

t=0.657 s
BRK2 at AC 
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演示者
演示文稿备注
1.直流闭锁后，潮流转移到交流线路；2.交流输电线路发生了过电流现象；3. 交流输电线D点过电流保护动作。



3.2 Cascading Faults Simulation 

F

t=0.5 s
AC fault is 

initiated

t=0.5 03s
Commutation 

failure is 
initiated

t=0.6s
AC fault is 

cleared

t=0.64s
DC pole 
blocks

t=0.652 s
BRK1 at AC 

line trips

t=0.657 s
BRK2 at AC 

line trips

A DC block may happen Restoration

AC line switches off at
point E at t= 0.657 s

3. Model and Simulation
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演示者
演示文稿备注
1.交流输电线E点过电流保护动作。



F

3. Model and Simulation

t=0.5 s
AC fault is 

initiated

t=0.5 03s
Commutation 

failure is 
initiated

t=0.6s
AC fault is 

cleared

t=0.64s
DC pole 
blocks

t=0.652 s
BRK1 at AC 

line trips

t=0.657 s
BRK2 at AC 

line trips

A DC block may happen Restoration

No power transfer from
the sending AC system
to the receiving AC
system
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演示者
演示文稿备注
1.直流线路和交流线路全部断开；2.送端系统没有功率输送到受端系统；3.连锁故障发生。



 Deploy firing angle-based control methods.
Advances the firing angle or increases extinction angle.

 Design a very quick predictive relay.
A Relay: should have the ability to clear the fault before
DC pole block caused by a long-lasting commutation
failure or consecutive commutation failures.

 Install Fault Current Limiter (FCL).
It can prevent any commutation failure within a few
microseconds before activation of VDCOL.

 Apply Voltage Source Converter (VSC) based HVDC
There is no commutation failure.

4.1 Commutation failure mitigation method

4. How to prevent the Cascading Fault
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To lower down the DC pole overvoltage using passive
Equipment during restoration.

4.2  Overvoltage prevention approaches 

4. How to prevent the Cascading Fault

4.3 Strategies for overload of DC line

Make the healthy DC transmission system to undertake part of

the power flow transferring from the blocked DC line.紫
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 Dynamic Thermal Circuit Rating

Confirm the maximum current carrying capacity of AC line
real-timely based on the temperature and heat balance
calculation.

4. How to prevent the Cascading Fault

4.4 Strategies for overload of DC line

 Rule

For a LINE Fault, Protective Relay should trip the LINE;
For a Overload, Protective Relay can’t operate
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Overload Judgement and Dynamic Capacity Enhancement

Waiting for to Load shedding 

Fault or Overload

Reach 
ultimate temperature

Trip

Overload

Fault

Trip
yes

Judge a Overload

Dynamic
Capacity 
Enhancement

Example: Prevent the Cascading
Faults

No
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 Relationship between Measurement Impedance and Trevena Equivalent 
impedance
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紫
金
论
电



Dynamic Capacity Enhancement

22

 Objective：Protect equipment safety and take account of system safety. 
Monitoring line temperature. 

Temperature Operation

Alarm temp.：Tc>60℃ Estimate support time and upload to dispatch center. 

Emergency temp. ：
Tc>70℃

Calculate the temperature time product, predict the 
support time and upload to the dispatching center.  
When the temperature time product is greater than the 
setting value, trip. 

Limit temp.： Tc>120℃ 3s delay then trip. 

Alarm temperature 
Emergency temperature 

Limit temperature 
CT d 100 5mint ≥ ×∫

Example: Prevent the Cascading
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5. Conclusions

 The large scale AC-DC Hybrid Grid is a New Form
of Power GRID in China and all over the world.

 The Cascading Fault is a Normalization Fault Mode
in AC/DC hybrid power.

 Proper Protection Strategy and Control Technology
should be studied.

 To prevent the Cascading Faults, Commutation failure
mitigation method, Limiting the DC pole overvoltage ,
Health DC Line take part the load sharing and Overload
Judgement are useful.
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Thank you !

紫
金
论
电


	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24



