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Exercise 1 

1. First check the fuse current rating 

Let’s see if the fuse can withstand normal use without premature breakdown 

Normal operations: constant current is 300 𝐴. 

 

Page 62 table shows that 𝐼𝑛 = 400𝐴, which holds at 20℃ temperature. 

Page 28 thermal derating gives derating factor 𝑘 = 0.8 @ 60℃. 

 
 

𝑰𝒃 ≤ 𝑰𝒏 × 𝒌 × (𝟏 + 𝟎. 𝟎𝟓𝑽) × 𝑲𝒃 

In additional without fans the air speed is close to 0. 

Therefore 𝐼𝑏(60℃) = 400 × 0.8 (1 + 0) × 1 = 320 𝐴 >  300 𝐴. 

Fuse does not burn under constant load 

 

2. Check the thyristor current and voltage rating 

2.1 First Check the I2t rating,  

 
Highest occuring voltage is 400 𝑉 + 10% = 440 𝑉 (worst case, typically 2 fuses work 

together) 

 

Page 62 table shows the clearing 𝐼2𝑡 @ 660V, Page 63 figure gives derating factor 𝐾 = 0.65: 

𝐼2𝑡 (440 𝑉) = 0.65 × 105 000 𝐴2𝑠 = 68250 𝐴2𝑠, 

Thyristor required that 𝐼2𝑡 is less than 90 000 𝐴2𝑠, so on that note this fuse is suitable. 

 

2.2 Next, we will check the fuse arc voltage.  
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During short circuit two fuses are always in series, so their voltage stress is half of the grid 

voltage. With 400 𝑉 grid the +10% peak voltage is 𝑉𝑝 = 220 𝑉. On page 63 arc voltage is 

given to be 580 𝑉 @ 𝐸𝑔 = 𝑉𝑝 = 220𝑉. 

Worst case occurs in this situation: 

T1 T3 T5

T4 T6 T2

If T1 get short 
circuited

Conduction 
mode: T3-T4

A
B

C

1. Short-circuit current 
flow through fuse 1,3
-> get heated 
-> arc voltage UL

2. KVL: voltage drop 
within a loos = 0
->  UT6 + UT3 + UT1 + 0 = 0
->  UT6 + UL   + UL   + 0 = 0

 

 

• We notice that over T6 has 2 fuse voltages: 

𝑈𝑇6 = 2 × 580 𝑉 =  1160 𝑉 < 1500𝑉 

    thyristor rating 1500 V, OK 

• If only 1 breaks, →  𝑉𝑝  (440 𝑉) = 930 𝑉, also OK. 

 

3. Let’s go through each periodic overload case: 

3.1  500 A 60 s, once an hour: 

 

Using timing table on Page 71, or final page of exercises: 𝐼𝑡(60)  =  950 𝐴. 

For frequently occurring loads: 𝐼𝑚𝑎𝑥   <  0.6 𝐼𝑡 = 0.6 × 950 = 570𝐴 > 500𝐴  

fuse will not burn, OK 

 

3.2  700 A, max 10s duration 2 times in a week 

 

Using timing table on Page 71, or final page of exercises: 𝐼𝑡(10)  =  1360 𝐴. 

For 1-2 times occurring loads: 𝐼𝑚𝑎𝑥   <  0.7 𝐼𝑡 = 0.7 × 1360 = 952𝐴 > 700𝐴  

fuse will not burn, OK 

 

3.3  700 A, max 20s duration once a month 

 

Using timing table on Page 71, or final page of exercises: 𝐼𝑡(20)  =  1150 𝐴. 
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For seldom occurring loads: 𝐼𝑚𝑎𝑥   <  0.8 𝐼𝑡 = 0.8 × 1150 = 920𝐴 > 700𝐴  

fuse will not burn, OK 

 

3.4  1200 A, max 0.5s less than once a month. 

 

Using timing table on Page 71, or final page of exercises: 𝐼𝑡(0.5)  =  1800 𝐴. 

For seldom occurring loads:  𝐼𝑚𝑎𝑥   <  0.7 𝐼𝑡 = 0.7 × 1800 = 1260𝐴 > 1200𝐴  

fuse will not burn, OK 

For frequently occurring loads: 𝐼𝑚𝑎𝑥   <  0.6 𝐼𝑡 = 0.6 × 1800 = 1080𝐴 < 1200𝐴  

fuse will burn, risky! 

Exercise 2 

In the unbalanced case - Worst case: 1 Thyristor 𝑄𝑟𝑟 = 160 𝜇𝐶, two other 400 𝜇𝐶. 

 

Δ𝑢 =
Δ𝑄

𝐶
 =

𝑄𝑟𝑟(𝑚𝑎𝑥) − 𝑄𝑟𝑟(𝑚𝑖𝑛)

𝐶
 =

(400 − 160) 𝜇𝐶

0.47 𝜇𝐹
= 510𝑉 

 

In the balanced case - Thyristor #1 voltage: 

𝑈1 = 𝑈2 = 𝑈3 = 𝑈𝑇
′  

𝑈𝑇
′  =

1

𝑛
× [𝑛 × 𝑈1(𝑡) + (𝑛 − 1) × Δ𝑢]  =  𝑈1(𝑡) +

𝑛 − 1

𝑛
× Δ𝑢 

Difference from the median value: 

Δ𝑢1 = 𝑈𝑇
′ − 𝑈1 =

𝑛 − 1

𝑛
× Δ𝑢 =

3 − 1

3
× 510 𝑉 =  340 𝑉 

 

Depending on application value can be too large, so we might increase the capacitor next to 

thyristor, or choose thyristors based on their 𝑄𝑟𝑟 charge properties 

 

 

 

 

 

 

 


