
  

 

 

 

 

车辆制动装置  

(含实训手册) 

 
◎ 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

西南交通大学出版社 

·成  都· 



  

 

 

 

图书在版编目（ＣＩＰ）数据 

. 1  /  

.  

2022.8 

ISBN 978-7-5643-8733-4 

.  .    .  

  .  

U270.35 

CIP 2022 104019  

Cheliang Zhidong Zhuangzhi (Han Shixun Shouce) 

车辆制动装置（含实训手册） 

       

  旻 

 

 

 

111 21   610031  

028-87600564   028-87600533 

http //www.xnjdcbs.com 

 

  185mm 260mm  

  26  

  645  

  2022 8 1  

  2022 8 1  

  ISBN 978-7-5643-8733-4 

  68.00  



 

 

028-81435775 

   

    028-87600562 



  

 

 

 

 

 

 

56 96  

 

 

 

 

   

2022 8  

前言  
 



 

 

 



  

 

 

 

 

 

 

    

1   11 

2   11 

3  
 

2  
12 

4  2  12 

5   14 

6   15 

7  3  17 

8  
  5  

   
17 

9 ST-600   81 

10 ST-600   84 

11   94 

12   97 

13 120  3  102 

14 120  5  106 

15 120   115 

16 120   118 

17  5  120 

18   123 

19  6  125 

20   128 

21  2  130 

22 SP2  8  173 

23 104  3  182 

24 104   185 

数字资源目录  
 



 

 

25  3  198 

 

    

26  7  201 

27   204 

28   206 

29 104   210 

30 104   213 

31 F8   216 

32  4  222 

33  2  224 

34   226 

35   229 

36   229 

37 F8  
F8   

F8   
233 

38 U5A  7  245 

39   256 

40   261 

41   261 

42  1 3  273 

43  4  277 

 

 



  

 

 

 
 

 

 

    ········································································· 1 

   ··············································································· 3 

   ······························································ 9 

   ············································································· 16 

   ····································································· 28 

    ··················································································· 41 

   ······································································· 43 

   ·········································································· 66 

   ····································································· 75 

  ST  ····················································· 78 

   ·································································· 93 

  120  ·············································································· 99 

   ···································································· 139 

    ················································································· 164 

   ············································································ 166 

   ··············································································· 177 

  104  ························································· 180 

  104  ······································································· 210 

  F8  ·············································································· 215 

  F8 ········································································· 233 

   ···································································· 243 

   ············································································ 253 

   ············································································ 264 

  /  ······································································ 272 

    ··········································································· 281 

   ······································································ 282 

   ······································································ 298 

  ······························································································· 324 

目 录   
 



 

 

 

 

 



 

1 

项目一   车辆制动系统性认识  

 

 

 

 思政课堂 

2021 12 3

2021 10

18 270

 

2004 13 28.8 9 000

2 000

42

128

 

156

 

2021 30

 

 项目导入 

1988 6 27 8 Z5300

https://baike.so.com/doc/9154269-9487435.html


 

2 

 

Z5300

Z5300

7 7/8

7

 

2 km

10 km

10 km

4.3% 70 km

30 m

 

 

 知识目标 

1  

2  

3  

 能力目标 

1  

2  

3  
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任务一   制动机发展史  

 任务描述 

 

 任务目标 

1.  

1  

2  

2.  

 

3.  

1  

2  

  

1825 9 27

 

1869

 

1872

 



 

4 

一、客车空气制动机 

（一）LN 型空气制动机 

LN 1-1-1 L GL3 13 N 12

3 5 1 7 9 14 15

11 17 10

5 2.5

 

 

1 2 3 4 5 6 7

8 9 10 18 11 17 12  

13 14 15 16  

1-1-1  LN  

（二）104 型空气制动机 

104 104

104 104

1-1-2 104 6 11 L 8 7 1

4 5 9 104 6

3

104  

（三）104 型电空制动机 

104 104

104
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104 40 L

104

104

1-1-3

 

 

1 2 3 4 5  

6 104 7 8 9  

1-1-2  104  

 

1-1-3  104  

104

25 mm



 

6 

/

 

（四）F8 型电空制动机 

F8

F8 1 2

3 4 5 F8 6 7 8

9 4 10 F8 6 3

F8 10

F8 1-1-4  

 

1 2 3 4 5 6 F8  

7 8 9 10  

1-1-4  F8  

F8

F8

F8

F8  

二、货车空气制动机 

（一）GK 型空气制动机 

GK K2

50 t G K K
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GK K GK

 

GK 1-1-5 GK 12 1

6 4 GK 3 11 2

356 mm GK

9 7 8 5 GK

 

 
1 2 3 GK 4 5 6  

7 8 9 10 11  

12 13  

1-1-5  GK  

GK

 

6 t

6 t

 

（二）103 型空气制动机 

103 103 1-1-6

103 3 4 103

5 7 1 9 8 103

5 11 L 9

103 103

103

103 50 t

356 mm 100 L  



 

8 

 
1 2 3 4 5 103 6  

7 8 9  

1-1-6  103  

（三）120 型空气制动机 

GK 103

120  

120 4 7 6

120 8 10 5 13

16 9 17 3 11 2 12

1-1-7  

 
1 14 2 12 3 11 4 5 6

7 8 120 9 10 13  

15 16 17  

1-1-7  120  

120

120

3 5 s
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120 TWG-1 KZW-4G

KZW-4G

 

任务二   车辆制动装置的概念及分类  

 任务描述 

3D

 

 任务目标 

1.  

1  

2  

2.  

 

3.  

1  

2  

  

一、制动基本概念 



 

10 

 

 

 

 

 

増

 

 

 120 km/h 800 m 

160 km/h 1 400 m 

200 km/h 2 000 m 

250 km/h 2 700 m 

300 km/h 3 700 m 

350 km/h 4 8 00 m 

 90 km/h 800 m 

120 km/h 1 100 m 

25 t 120 km/h 1 400 m  

160 km/h 1 400 m 

二、制动在铁路运输中的作用 

 

1-2-1 s0

v1 s0

A a s1

B b s2 B

B A C
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c

s3 C

90 km/h 800 m

s1 800 m B C v2 v3

 

 

 

1-2-1   

三、车辆制动机的种类 

 

（一）手（人力）制动机 

 

（二）真空制动机 

1.01 105 Pa

20 70
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（三）空气制动机 

 

 

1.  

1-2-2 1

2 4 5

8  

 
1 2 3 4 5 6 7  

8 9 10 11 12  

1-2-2   

3

 

 

2.  
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1-2-3

 

 

1 2 3 4 5 6 7  

8 9 10 11  

12 13 14 15 16  

17 18 19 20 21  

1-2-3   

l 2 800

900 kPa

4 5

14

8

11

10 17

18 20 21

 



 

14 

 

 

1 1-2-4  

i

 

 

1 2 3 4 5 6  

i B z r n EX  

1-2-4   

2 1-2-5  

z r

 

3 1-2-6  

B

 

 

1-2-5   

1-2-4  
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1-2-6  1-2-4  

（四）电空制动机 

 

（五）轨道电磁制动机 

 

（六）线性涡流制动 

 

（七）再生制动 

 

（八）电阻制动 

 

 



 

16 

 

任务三   制动基础理论  

 任务描述 

 

 任务目标 

1.  

1  

2  

3  

2.  

1  

2  

3.  

1  

2  

  

一、制动名词术语 

（一）压力与压强 

N Pa N/m2  

500 kPa 500 kPa  

（二）绝对压力及表压力 



 

17 

760 mm

1atm 101.3333 kPa

100 kPa  

 

 

 

（三）二压力机构及三压力机构制动机  

GK

109

 

3

JZ-7 26-L

 

JZ-7

26-L

1-3-1 1-3-2 1-3-3  

 

1 2 3 4 5 6 7  

8 9 10 11 12  

1-3-1   
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1 2 3 4  

5 6 7  

8  

1-3-2   

1 2 3 4 5  

6 7 8 9  

10 11 12 13  

14 15 16  

1-3-3   

（四）空气波和空气波速 

1.  
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2.  

 

kb

kb

kb

L
v

t
  

  
kb

v m/s  

kb
L m  

kb
t s  

330 m/s  

 

（五）制动管减压量与减压速度  

 

 

 

（六）制动波和制动波速 

1.  

 

 

2.  

m/s  

wzb  
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zb

zb zb kb d

zb

/( )
L

w L t t
t

    

  
zb

w m/s  

Lzb m  

tzb s  

tkb s  

td s  

 

250 m/s 150 280 m/s 225 m/s

60 255 m/s  

 

（七）缓解波和缓解波速 

 

120

150 m/s  

（八）制动机的稳定性、安定性与灵敏度  

1.  

20 kPa/min  

2.  

10 40 kPa/s  

3.  

10 40 kPa/s 70 kPa/s  



 

21 

 

二、制动缸压力的计算 

（一）空气制动机的工作过程 

 

 

PV GRT 

  P Pa N/m2  

V m3  

T K  

G mol  

R R 8.31J/ mol K  

 

1C

-  

PV  

  P Pa N/m2  

V m3  

   P1V1 P2V2 

 

（二）制动缸压力的计算 

 

1



 

22 

 

2

 

3 3.25 1 Vf Vz 3.25 1

 

-  

0 f 0 f 1 z
( )P V P r V P V    

 

    f

1

z

V
P r

V
                              1-3-1  

         
1

P f

1

z

100
V

P r
V

                        1-3-2  

  
f

V m3  

z
V m3  

0
P kPa  

1
P  kPa  

1
P kPa  

r kPa  

1-3-1 1-3-2

r

r  

GK 104  

1. GK  

GK f

z

V

V
3.25  

P1 3.25r 100 kPa                             1-3-3  

r  

  50 100 140 kPa  

1 r 50 kPa P1 3.25 50 100 62.5 kPa  

2 r 100 kPa P1 3.25 100 100 225 kPa  

3 r 140 kPa P1 3.25 140 100 355 kPa  

2. 104  

104

-  

P1 Pr 2.6r                                      1-3-4  
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1

P kPa  

r
P kPa  

r kPa  

2.6  

 

  50 kPa 70 kPa 140 kPa  

1 r 50 kPa P1 2.6 50 130 kPa  

2 r 70 kPa P1 2.6 70 182 kPa  

3 r 140 kPa P1 2.6 140 364 kPa  

 

三、制动倍率 

（一）制动倍率 

 

r

K

P



  

    

∑K N  

Pr N  

2

r z

π

4

d
P P   

  Pz Pa  

d m  

l1 l2=15 l6

1-3-4  
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1-3-4   

1-3-4  

1. β2 

 

 

 
r 1 1 2

P l P l   a  

 1

1 r

2

l
P P

l
   

 
1 3 4 2 4
( )P l l K l    

 3 4 3 41

2 1 r

4 2 4

l l l ll
K P P

l l l

 
      

 2

2

r

K

P
   

 3 42 1

2

r 2 4

l lK l

P l l



    

    

2 r 2
K P    

 

K1 K2 K3 K4 I  

2. β1 

1

3  

3 3 4 3 41 1

1

2 4 3 2 4

l l l l ll l

l l l l l


 
      

1  

1 r 1
K P    

3. 3 

3  

5 3 41 2

3

2 5 6 4

l l ll l

l l l l



  


 

 51

6

ll

l l
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 6 5 61 1 2

5 2 5 2

,
l l ll l l

l l l l

 
   

5 1

5 6 1 2

l l

l l l l


 
 

3 41

3

2 4

l ll

l l



   

 

3 r 3
K P    

4. β4 

4  

5 3 3 4 3 41 2 1

4

2 5 6 4 3 2 4

l l l l l ll l l

l l l l l l l


 
     


 

 

4 r 4
K P    

1 2 3 4
     

1

2

l

l

3 4

4

l l

l



 

5.  

 

1 2 3 4 1 3 4

1 2 3 4

r r 2 4

( )
4

K K K K l l lK

P P l l
    

   
       


 

7 9 8 10  

（二）基础制动装置的制动效率 

η  
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全车实际闸瓦压力

制动缸活塞推力 制动倍率
 

η  

0.85 0.90 0.70  

四、制动管最小及最大有效减压量确定 

（一）制动管最小有效减压量 

f

1

z

100
V

P r
V

  

 

rmin GK rmin

 

35 kPa

 

1 min
P 35 kPa  

1 min
P P1 3.25r 100  

P1 min 3.25rmin 100 

 

rmin 41.5 kPa  

41.5 kPa GK

40 kPa 50 kPa 60

70 kPa DK-1

500 kPa 36 kPa

600 kPa 56 kPa  

（二）制动管最大有效减压量 
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f

1

z

100
V

P r
V

  

1max
P

1max
P rmax  

1. GK  

-  

0 f 1max f z
( )P V P V V    

 
1max f 0 f z

/( )P V P V V        
1max f 0 f z

/( )P V P V V     

  
0

P  kPa  

1max
P kPa  

1max
P kPa  

f
V m3  

z
V m3  

f

z

V

V
3.25  

1max 0
0.765P P       

1max 0
0.765 100P P    

1 500 kPa  

1max
P 0.765 500 100 459 kPa  

     1max
P 0.765 500 100 100 359 360 kPa  

1max
P 360 P1 3.25r 100  

max
r 360 100 /3.25 140 kPa  

2 600 kPa  

1max
P 0.765 600 100 535.5 kPa  

        1max
P 0.765 600 100 100 435.5 436 kPa  

1max
P 436 P1 3.25r 100  

max
r 436 100 /3.25 170 kPa  

2.  

-  

0 g r r max g r
100 ( )P V V P V V      

       
r max 0 g r g r

( 100 ) /( )P PV V V V         
r max 0 g r g r

( 100 ) /( ) 100P P V V V V      

  
0

P  kPa  
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r max
P  kPa  

r max
P kPa  

g
V m3  

r
V  m3  

r
V m3  

r max

r max

r max 0 r max

0

0

2.6 1
100

2.6 1 2.6 1

0.722 27.8 (kPa)

100 0.722 27.8 100

0.722( 100) 72.2

0.722 (kPa)

P P

P

P P P

P

P

   
 

 

     

  



0

 

1 500 kPa  

1max
P

r max
P 0.722 500 360 kPa  

1max
P

r max
P 360 P1 r

P 2.6r  

max
r 360/2.6 140 kPa  

2 600 kPa  

1max
P

r max
P 0.722 600 430 kPa  

1max
P

r max
P 430 P1 r

P 2.6r  

max
r 430/2.6 170 kPa  

500 kPa

600 kPa 140 kPa 170 kPa

 

 

任务四   车辆制动机主要附件  

 任务描述 

4 4 0 40 1 00

6 31 C70 3 05

4 29
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D21

 

 任务目标 

1.  

1  

2  

2.  

1  

2  

3.  

1  

2  

  

一、制动软管连接器 

（一）制动软管连接器的构造 

1-4-1

 

 

l 2 3 4 5 6 7  

1-4-1   
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560 mm 10 mm

35 mm 52 54 mm

1 1-4-2  

（二）制动软管连接器的风、水压试验  

 

1.  

600 700 kPa 5 min

 

1  

2 10 min

 

2.  

1 000 kPa 2 min

 

1 8 mm  

2  

3  

3.  

TBl 77

1-4-3  

 

1-4-3   

二、制动管 

 

 

l 2  

1-4-2   



 

31 

32 mm

25 mm

250

300 mm

 

T  

25 mm

 

三、折角塞门 

1-4-4  

1 2

3 8 4 6

13 45

55 mm

32.5 mm

1. 21

20 mm 35 mm O 75 mm

O  

 

O

 

 

1 2 3 4  

5 7 9 10 O 6 8  

11 12 13  

1-4-4   
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四、截断塞门 

 

 

202

6%

6%

 

 

1-4-5  

 

1 2 3 4 5  

1-4-5   

1-4-6 45

45 mm 25.5 mm 1.18
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1 2 3 4 5 7 10 6  

8 9 11 12 12  

1-4-6   

五、风  缸 

（一）副风缸 

 

1.  

GK 103 GK 59 L

1-4-7  

 
1 2 3 4  

1-4-7  GK  

103

356 mm 100 L GK

120 40 L 60 L

254 mm 356 mm CK  

2.  
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1-4-8

1-4-9

 

 
 

1 2 3  

1-4-8   1-4-9   

104 GK 120 L 180 L

356 mm 406 mm  

（二）降压气室 

GK

1-4-10

17 L  

 
1 2 3 4 5 6  

1-4-10   

（三）压力风缸 

103 104

11 L 900 kPa
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900 kPa 3 min  

六、制动缸 

 

 

（一）N 型制动缸 

N N

 

75 mm 3 mm 1.5 mm

 

（二）密封式制动缸 

1-4-11  

 
1 2 3 4 Y 5 6 7  

8 9 10 11 12 13  

1-4-11   

N

Y  

Y
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Ra 08 μm

Y

Y

 

 

75 mm 3 mm 1.5 mm

 

254 mm 254 mm 356 mm 254 mm  

254 mm 254 mm

1-4-12  

1-4-13 254 mm 254 mm 356 mm 254 mm  

 
1 2 3 4 5 6 7 8  

9 10 11 12  

1-4-12   
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1 2 3 4 5 6 Y 7 8  

9 10 T 11 12 13 14  

15 16 17 18  

1-4-13   

七、缓解阀 

1-4-14 2 6 4

5 1 3  

10 mm  

 

 

1 2 3 4 5 6  
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1-4-14   

 

八、紧急制动阀 

 

（一）紧急制动阀的构造及作用  

1 2 3 4

5 6 7 1-4-15

1-4-16

1-4-17  

 

1 2 3 4  

5 6 7  

1-4-15   
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1-4-16    1-4-17   

（二）紧急制动阀的使用时机 

271

 

1  

2  

3

 

4  

100 kPa  

九、压力表 

 

1-4-18 8

a

b a 5 7 4 9

2 3
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b

a

100 kPa 100 kPa

 

 

1 2 3 4 5 6  

7 8 9  

1-4-18   

1.5

100 kPa 1.5 kPa  

 单元习题 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  
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11.  

12.  

13.  
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OTN 的网络

结构和网元

类型 微课 

二维码 10.8 

网络结构和

网元类型 习

题 

二维码 11.5 

OTN 网元

（OTM）硬件

安装 实训题 

二维码 11.10 

OTN 系统光

纤连线 实训

视频 

二维码 11.15 

VPLS 分组业

务配置 实训

题 

  


