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表 5.3  KR-8 形直接制御器 ノッチ進段表
組合せスイッチ 抵抗スイッチ

力
行
／
制
動

ツ
ナ
ギ
段 K1 K2 K3 K4 K5 K6 r2 r3 r4 r5 r6 SS

切 切 ○

力
行

直
S1 ● ● ●
S2 ● ● ● ●
S3 ● ● ● ○ ●
S4 ● ● ● ○ ○ ○ ●

渡
T1 ● ● ● ●
T2 ● ● ○ ● ●
T3 ● ● ● ●

並
P1 ● ● ● ● ●
P2 ● ● ● ● ○ ●
P3 ● ● ● ● ○ ●
P4 ● ● ● ● ○ ●

制動

B1 ● ●
B2 ● ● ●
B3 ● ● ○ ●
B4 ● ● ○ ●
B5 ● ● ○ ●
B6 ● ● ○ ●
B7 ● ● ○ ●

図 5.17  KR-8 形制御器 主回路ツナギ図

図 5.18 KR-8 形制御器 主回路接続図
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表 5.4  CS5 形主制御器 ノッチ進段表
力行 遮断器 断流器 抵抗スイッチ 組合せスイッチ弱界磁

ノ
ッ
チ

ツ
ナ
ギ

段 L1 L2 L3 L4 R R1 R2 R3 R4 R5 R6 K1
K2 K3 K4 F11F21

F12
F22

切 切 切 ○ ○ ○ ○ ○
1

直

S1 ● ● ● ● ● ● ● ●

2
S2 ● ● ● ● ● ● ● ● ●
S3 ● ● ● ● ● ○ ● ● ●
S4 ● ● ● ● ● ● ● ● ● ●
S5 ● ● ● ● ● ● ● ●

3

渡 T1 ● ● ● ● ● ● ● ● ●

並
P1 ● ● ● ● ● ● ● ● ● ●
P2 ● ● ● ● ● ● ● ● ● ● ●
P3 ● ● ● ● ● ● ● ● ○ ● ● ●
P4 ● ● ● ● ● ● ● ○ ● ○ ● ● ●

弱 P5 ● ● ● ● ● ● ● ○ ● ○ ● ● ●

図 5.19  CS5 形主制御器 主回路ツナギ図
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図 5.20  CS5 形主制御器 各段での動作と主回路電流
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表 5.5  CS15F 形主制御器 (115 系電車 )　ノッチ進段表
力行 遮断器

F
S
C
K

抵抗カム軸 組合せカム軸 電制 遮断器
F
S
C
K

抵抗カム軸 組合せカム軸
ノ
ッ
チ

ツ
ナ
ギ
段

第1 第2

位置 R12 R13 R14 R15 R22 R23 R24 R25 位置 R11 R21 K2
K3
K4
K5 K6

K7

～

K10

K11

～

14
K15
F11
F21
F12 F22 F13 F23 F14 F24

ツ
ナ
ギ
段

第1 第2

位置 R12 R13 R14 R15 R22 R23 R24 R25 位置 R11 R21 K2
K3
K4
K5 K6

K7

～

K10

K11

～

14
K15
F11
F21
F12 F22 F13 F23 F14 F24L3

L4
L1 L2 L5 K1

L3
L4
L1 L2 L5 K1

切 切 切 ○ ○

P1,S1-3,S13

○ ○ ○ ○ ○ ○ ○ 切 切 ○ ○

P1,S1-3,S13

BS1 ○ ○ ○ ○ ○ ○ ○ ○ ○
1

直

列

S1 ● ● ● ● ○ ● ● ○ ○ ○ ○ ○

直

列

S1 ○ ● ● BS1 ● ● ○ ○ ○ ○ ○ ○ ○

2

S2 ● ● ● ● ○ S2 ● ● ● ○ ○ ○ ○ S2 ○ ● ● BS2 ● ● ● ○ ○ ○ ○ ○
S3 ● ● ● ● ○ S3-13 ● ● ● ● ○ ○ ○ S3 ○ ● ● BS3-13 ● ● ● ● ○ ○ ○ ○
S4 ● ● ● ● ○ P2,S4 ● ● ● ● ● ○ ○ ○ S4 ○ ● ● P2,S4 ● ● ● ● ● ○ ○ ○ ○
S5 ● ● ● ● ○ P3,S5 ● ● ● ● ● ● ○ ○ ○ S5 ○ ● ● P3,S5 ● ● ● ● ● ● ○ ○ ○ ○
S6 ● ● ● ● ○ P4,S6 ○ ● ● ● ● ● ● ○ ○ ○ S6 ○ ● ● P4,S6 ○ ● ● ● ● ● ● ○ ○ ○ ○
S7 ● ● ● ● ○ P5,S7 ○ ● ○ ● ● ● ● ● ○ ○ ○ S7 ○ ● ● P5,S7 ○ ● ○ ● ● ● ● ● ○ ○ ○ ○
S8 ● ● ● ● ○ P6,S8 ○ ○ ● ○ ● ● ● ● ● ○ ○ ○ S8 ○ ● ● P6,S8 ○ ○ ● ○ ● ● ● ● ● ○ ○ ○ ○
S9 ● ● ● ● ○ P7,S9 ● ○ ○ ● ● ● ● ● ○ ○ ○ S9 ○ ● ● P7,S9 ● ○ ○ ● ● ● ● ● ○ ○ ○ ○
S10 ● ● ● ● ○ P8,S10 ● ● ○ ● ● ● ● ● ○ ○ ○ S10 ○ ● ● P8,S10 ● ● ○ ● ● ● ● ● ○ ○ ○ ○
S11 ● ● ● ● ○ P9,S11 ● ● ● ● ● ● ● ● ● ○ ○ ○ S11 ○ ● ● P9,S11 ● ● ● ● ● ● ● ● ● ○ ○ ○ ○
S12 ● ● ● ● ○ P10,S12 ● ○ ● ● ● ● ● ● ● ● ○ ○ ○ S12 ○ ● ● P10,S12 ● ○ ● ● ● ● ● ● ● ● ○ ○ ○ ○
S13a ● ● ● ● ● ○ P11,S13 ○ ○ ○ ○ ○ ○ ○ ● ● ○ ● ○ ○ ○ S13a ○ ● ● ● P11,S13 ○ ○ ○ ○ ○ ○ ○ ● ● ○ ● ○ ○ ○ ○
S13 ● ● ● ● ● ○ ● ● ○ ● ○ ○ ○ S13 ○ ● ● ● P1,S1-3,S13 ● ● ○ ● ○ ○ ○ ○

3

渡 T ● ● ● ● ● ○ P1,S1-3,S13 ↓ ● ● ● ● ○ ○ ○

渡

T1 ○ ● ● ● ↓ ● ● ● ● ○ ○ ○ ○ ○ ○

並

列

P1 ● ● ● ● ○ P1-11 ● ● ● ● ○ ○ T2 ○ ● ● ● ↓ ● ● ● ○ ○ ○ ○ ○ ○
P2 ● ● ● ● ○ P2,S4 ● ● ● ● ● ○ ○ T3 ○ ● ● ● ↓ ● ● ● ● ○ ○ ○ ○ ○ ○
P3 ● ● ● ● ○ P3,S5 ● ● ● ● ● ● ○ ○ T4 ○ ● ● ↓ ● ● ● ● ○ ○ ○ ○ ○ ○
P4 ● ● ● ● ○ P4,S6 ○ ● ● ● ● ● ● ○ ○

並

列

P1 ○ ● ● BP1-11 ● ● ● ● ● ○ ○ ○ ○ ○ ○
P5 ● ● ● ● ○ P5,S7 ○ ● ○ ● ● ● ● ● ○ ○ P2 ○ ● ● P2,S4 ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P6 ● ● ● ● ○ P6,S8 ○ ○ ● ○ ● ● ● ● ● ○ ○ P3 ○ ● ● P3,S5 ● ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P7 ● ● ● ● ○ P7,S9 ● ○ ○ ● ● ● ● ● ○ ○ P4 ○ ● ● P4,S6 ○ ● ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P8 ● ● ● ● ○ P8,S10 ● ● ○ ● ● ● ● ● ○ ○ P5 ○ ● ● P5,S7 ○ ● ○ ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P9 ● ● ● ● ○ P9,S11 ● ● ● ● ● ● ● ● ● ○ ○ P6 ○ ● ● P6,S8 ○ ○ ● ○ ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P10 ● ● ● ● ○ P10,S12 ● ○ ● ● ● ● ● ● ● ● ○ ○ P7 ○ ● ● P7,S9 ● ○ ○ ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
P11 ● ● ● ● ○ ● ○ ● ○ ● ○ ● ● ● ● ● ○ ○ P8 ○ ● ● P8,S10 ● ● ○ ● ● ● ● ● ● ○ ○ ○ ○ ○ ○

4

弱

界

磁

WF1 ● ● ● ● ○ ● ○ ● ○ ● ○ ●WF1 ● ● ● ● ● P9 ○ ● ● P9,S11 ● ● ● ● ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
WF2 ● ● ● ● ○ P11,S13 ● ○ ● ○ ● ○ ●WF2 ● ● ● ● ● ● ● P10 ○ ● ● P10,S12 ● ○ ● ● ● ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
WF3 ● ● ● ● ○ ● ○ ● ○ ● ○ ●WF3 ● ● ● ● ● ○ ○ ● ● P11 ○ ● ● P11,S13 ● ○ ● ○ ● ● ● ● ● ● ● ● ○ ○ ○ ○ ○ ○
WF4 ● ● ● ● ○ ● ○ ● ○ ● ○ ●WF4 ● ● ● ● ● ○ ○ ● ●

抑速 遮断器
F
S
C
K

抵抗カム軸 組合せカム軸
ノ
ッ
チ
段

第1 第2

位置 R12 R13 R14 R15 R22 R23 R24 R25 位置 R11 R21 K2
K3
K4
K5 K6

K7

～

K10

K11

～

14
K15
F11
F21
F12 F22 F13 F23 F14 F24L3

L4
L1 L2 L5 K1

切 切 ○ ○ P1,S1-3,S13 BS1 ○ ○ ○ ○ ○ ○ ○ ○ ○

1

S1 ○ ● ● ● ● ○ ○ ○ ○ ○ ○ ○
S2 ○ ● ● BS2 ● ● ● ○ ○ ○ ○ ○
S3 ○ ● ● BS3-13 ● ● ● ● ○ ○ ○ ○
S4 ○ ● ● P2,S4 ● BS3-13 ● ● ● ● ○ ○ ○ ○

2 S5 ○ ● ● P3,S5 ● ● BS3-13 ● ● ● ● ○ ○ ○ ○
3 S6 ○ ● ● P4,S6 ○ ● ● BS3-13 ● ● ● ● ○ ○ ○ ○
4 S7 ○ ● ● P5,S7 ○ ● ○ ● BS3-13 ● ● ● ● ○ ○ ○ ○
5 S8 ○ ● ● P6,S8 ○ ○ ● ○ ● BS3-13 ● ● ● ● ○ ○ ○ ○

継電器箱
FS
VLR
CR
PR
BR
AR2
AR1

R
11

K
7

K
13
K
9

K
4

K
2

K
6

K
12

F
21

F
22

F
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F
24

K
11

F
14

F
13

F
12

F
11
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15
K
5
K
3
K
10
K
14
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8
R
21

R
12

R
25
R
24

R
22

R
23

R
13

R
14

R
15

カム電動機
PM

歯車箱

歯
車

歯
車

抵抗制御カム制
止
機
構
RB

制
止
機
構
KB

組合せ制御カム組合せ
制御カム

組合せカム 抵抗カム

裏
面
は
逆
転
器

主
電
動
機
開
放
器

図 5.21  CS15F 形主制御器 (115 系電車 ) 主回路ツナギ図

図 5.22 CS15F 形主制御器、遮断器箱 (CB12 形 , CB13 形 ) 内部構造図

K1 L5 L2L1 L4 L3

遮断器箱 (CB13 形 )遮断器箱 (CB12 形 )
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1
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(b5) 電制渡り 4段、並列段
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(b4) 電制渡り 3段
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(b3) 電制渡り 1,2 段
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(b2) 電制直列最終段
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(a1) 力行直列段
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図 5.23  CS15F 形主制御器 力行ノッチ曲線 図 5.24  CS15F 形主制御器 電制ノッチ曲線

図 5.25  CS15F 形主制御器 主回路動作概略
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ローラー降リ ローラー昇リ

ワイプ始メ ワイプ解キ

接触器完全閉ジ
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図 5.26  CS15F 形主制御器 抵抗カムダイヤグラム

図 5.27  CS15F 形主制御器 組合せカムダイヤグラム

図 5.28  カムダイヤグラム 凡例



制御方式入門　改訂第四版 図表集　第一版 (2019.12.25)

8

M’

M’

M’
GS

50
0a

500a

500a
50
0

DCPT
623

CHSDF

R

R C0

MCRf

ACRf

DB

Lc Cc

DC

DCCT2

ShF5 ShF6 ShF7 ShF8
MCOS2ShR

CLR2

FS2FS1 ShOCRy L0

CN
F

60
1

602 603
603a 604 605

606 607 608 609 610 612 613 614 615 616

617 618 618a

620

611
ShF1 ShF2 ShF3 ShF4

MCOS1
チョップ部

DC
CT
1

SF8 SF7 SF6 SF5

A

A

547548549550

55
1

55
2

F

R F

R

R
W
SD
2

RR

M5M6M7M8 541542543544545

546

543b

1a
’

1a

2a 3a 4a 5a 6a 7a

8a
530538

531532533534535536

53
7

MCOS2

PGS

1
2 3 4 5 6 7

8

DCCT1
520 521

523 524 525 526 527 528

529

52
2

SF1 SF2 SF3 SF4
516 517 518 519

R
W
SD
1

R R

512a

512b

M4M3M2M1
F

R F

R

509

510 511

515

513 514

OV
Ry

R
CH
S

CH
S4

OV
CR
f

CL
R3
Ch
OC
Ry
HS
CB

507

507

508

OCRy

L1

HSCB

L2

CLR1

505
506

50
7a

50
7b

50
7b
1

50
7c

50
7c
1

MCOS1

DC
Ar
r

M
S

50
2

50
1

503

M
F

Pan

表 5.6  東急 8500 系電車　ノッチ進段表
力行 断流器箱 抵抗カム軸 界磁チョッパ

刻
ツ
ナ
ギ
段 L1 L2

H
S
C
B

S P G FS1 FS2 1 2 3 4 5 6 7 8 8a 7a 6a 5a 4a 3a 2a 1a

If=
小

If=
大

切 ○ ○ ○ ●
1

直
列

S1a ● ● ● ● ● ● ● ○ ● ●
S1 ● ● ● ● ● ● ● ○ ● ●

2

S2 ● ● ● ● ● ● ● ○ ● ● ●
S3 ● ● ● ● ● ● ● ○ ● ● ○ ●
S4 ● ● ● ● ● ● ● ○ ○ ● ● ○ ●
S5 ● ● ● ● ● ● ● ○ ○ ● ● ○ ○ ●
S6 ● ● ● ● ● ● ● ○ ○ ○ ● ● ○ ●
S7 ● ● ● ● ● ● ● ○ ○ ● ● ○ ○ ●
S8 ● ● ● ● ● ● ● ○ ○ ○ ● ● ○ ●
S9 ● ● ● ● ● ● ● ○ ○ ● ● ○ ○ ●
S10 ● ● ● ● ● ● ● ○ ○ ○ ● ● ○ ●
S11 ● ● ● ● ● ● ● ○ ○ ● ● ○ ○ ●
S12 ● ● ● ● ● ● ○ ○ ○ ○ ● ● ○ ●
S13 ● ● ● ● ● ● ○ ○ ○ ● ● ○ ○ ○

3

渡T ● ● ● ● ● ● ● ● ○ ● ● ● ●

並
列

P1 ● ● ● ● ● ● ● ○● ● ● ●
P2 ● ● ● ● ● ● ● ○ ● ● ● ● ○
P3 ● ● ● ● ● ● ● ○ ○ ● ● ● ●
P4 ● ● ● ● ● ● ● ● ● ● ● ○
P5 ● ● ● ● ● ● ● ○ ● ● ● ●
P6 ● ● ● ● ● ● ● ● ● ● ● ○
P7 ● ● ● ● ● ● ● ○ ● ● ● ●
P8 ● ● ● ● ● ● ● ● ● ● ● ○
P9 ● ● ● ● ● ● ● ○ ● ● ● ●
P10 ● ● ● ● ● ● ● ● ● ● ● ○
P11 ● ● ● ● ● ● ● ● ○ ○○ ○ ●

4 WF ● ● ● ● ● ● ● ● ●

回生
切 ○ ○

回
生

並
列P ● ● ● ● ● ● ● ● ●

渡

T1 ● ● ● ● ● ● ● ●
T2 ● ● ● ● ● ● ● ● ●
T3 ● ● ● ● ● ● ● ○ ● ●
T4 ● ● ● ● ● ● ● ○ ● ● ●
T5 ● ● ● ● ● ● ● ○ ● ● ○ ●
T6 ● ● ● ● ● ● ● ○ ○ ● ● ●
T7 ● ● ● ● ● ● ● ○ ○ ● ● ○ ●
T8 ● ● ● ● ● ● ● ○ ○ ○ ● ● ●
T9 ● ● ● ● ●● ● ○ ○ ● ● ○ ●
T10 ● ● ● ● ● ● ● ○ ○ ○ ● ● ●
T11 ● ● ● ● ● ● ● ○ ○ ● ● ○ ●
T12 ● ● ● ● ● ● ● ○ ○ ○ ● ● ●
T13 ● ● ● ● ● ● ● ○ ○ ● ● ○ ●
T14 ● ● ● ● ● ● ○ ○ ○ ○ ● ● ●
T15 ● ● ● ● ● ● ○ ○ ○ ● ● ○ ○

直
列S ● ● ● ● ● ● ○ ○ ○ ● ● ○

Ia:If の
比例制御

図 5.32  東急 8500 系電車 ( 界磁チョッパ制御 ) 主回路ツナギ図
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表 5.7  205 系電車　ノッチ進段表
力行 遮断器 接触器 抵抗カム軸

刻
ツ
ナ
ギ

段 L1 L2
L3 K1 K2

K3
F1
F2 ExK R10 R11 R12 R13 R14 R15 R20 R21 R22 R23 R24 R25

切 切 切 ○ ○ ○
1

直列

S1 ● ● ● ○ ● ●

2

S2 ● ● ● ○ ● ● ●
S3 ● ● ● ○ ● ● ● ●
S4 ● ● ● ○ ● ○ ● ● ●
S5 ● ● ● ○ ● ○ ● ● ○ ●
S6 ● ● ● ○ ● ○ ○ ● ● ○ ●
S7 ● ● ● ○ ● ○ ● ● ○ ○ ●
S8 ● ● ● ○ ● ● ● ● ● ○ ●
S9 ● ● ● ○ ● ● ● ● ● ● ● ●
S10 ● ● ● ○ ● ● ○ ○ ● ● ● ● ●
S11 ● ● ● ○ ● ● ● ● ● ○ ○ ●
S12 ● ● ● ○ ○ ○ ○ ● ● ● ●
↓ ● ● ● ○ ○ ● ○ ○ ○ ●
S13 ● ● ● ○ ○ ● ○ ●

3

渡 T ● ● ● ● ○ ● ● ● ●

並列

P1 ● ● ● ○ ● ● ● ●
P2 ● ● ● ○ ○ ● ● ● ●
P3 ● ● ● ○ ○ ● ● ○ ● ●
P4 ● ● ● ○ ○ ○ ● ● ○ ● ●
P5 ● ● ● ○ ○ ● ● ○ ○ ● ●
P6 ● ● ● ○ ● ● ● ● ○ ● ●
P7 ● ● ● ○ ● ● ● ● ● ● ● ●
P8 ● ● ● ○ ● ○ ○ ● ● ● ● ● ●
P9 ● ● ● ○ ● ● ● ● ○ ○ ● ●
P10 ● ● ● ○ ● ○ ○ ○ ● ● ●
↓ ● ● ● ○ ● ● ○ ○ ○
P11 ● ● ● ○ ● ● ● ●

4 弱 P11 ● ● ● ● ● ● ● ● ●
回生
切 P1 ● ● ○ ○ ○ ○

渡

P1 ● ● ● ● ● ● ● ● ●
P2 ● ● ● ● ● ○ ● ● ● ●
P3 ● ● ● ● ● ○ ● ● ○ ● ●
P4 ● ● ● ● ● ○ ○ ● ● ○ ● ●
P5 ● ● ● ● ● ○ ● ● ○ ○ ● ●
P6 ● ● ● ● ● ● ● ● ● ○ ● ●
P7 ● ● ● ● ● ● ● ● ● ● ● ● ●
P8 ● ● ● ● ● ● ○ ○ ● ● ● ● ● ●
P9 ● ● ● ● ● ● ● ● ● ○ ○ ● ●
P10 ● ● ● ● ● ● ○ ○ ○ ● ● ●
↓ ● ● ● ● ● ● ● ○ ○ ○

並列 P11 ● ● ● ● ● ● ●

渡

S1 ● ● ● △ ● ● ● ●
S2 ● ● ● △ ● ● ● ● ●
S3 ● ● ● △ ● ● ● ● ● ●
S4 ● ● ● △ ● ● ● ○ ● ● ●
S5 ● ● ● ● ● ● ○ ● ● ●
S6 ● ● ● ● ● ● ○ ○ ● ● ○ ●
S7 ● ● ● ● ● ● ○ ● ● ○ ●
S8 ● ● ● ● ● ● ● ● ● ● ○ ●
S9 ● ● ● ● ● ● ● ● ● ● ○ ●
S10 ● ● ● ● ● ● ● ○ ○ ● ● ● ● ●
S11 ● ● ● ● ● ● ● ● ● ● ● ● ●
S12 ● ● ● ● ● ○ ○ ○ ● ● ● ○ ○ ●
↓ ● ● ● ● ● ○ ● ○ ○ ● ●

直列 S13 ● ● ● ● ● ○ ● ○ ○ ●

図 5.37  205 系電車 主回路ツナギ
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図 5.38  F 級電気機関車 短絡渡り動作 (EF65 形 )

図 5.39  EF64 形電気機関車 バーニア抵抗器動作
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図 5.40  F 級電気機関車 橋絡渡り動作 (EF64 形 )
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図 6.24  営団地下鉄 6000 系電車 主回路ツナギ図 ( 製造当初 )
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図 6.30  東武 20000 系 (20000 型 ) 電車 主回路ツナギ図
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図 8.13    4 極誘導機 界磁巻線の巻き方 ( 短節巻きの重ね巻 )
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図 9.13    アーム詳細ツナギ ( 国鉄 207 系 900 番台 )
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表 10.5  ED70 形電気機関車 ノッチ進段表
ノ
ッ
チ

断
流
器

組
合
せ

ス
イ
ッ
チ

タップスイッチ 移相
継電器

弱
界
磁

L1
-L8

K1
K2

K3
K4 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 61-1 61-2 61-3 F1-F4

切
1● ● ● ● ● ● ● ● ● ●
2● ● ● ● ● ● ●
3● ● ● ● ● ●
4● ● ● ● ● ● ● ●
5● ● ● ● ● ●
6● ● ● ● ● ● ● ●
7● ● ● ● ● ●
8● ● ● ● ● ● ● ●
9● ● ● ● ● ●
10● ● ● ● ● ● ● ●
11● ● ● ● ● ●
12● ● ● ● ●● ●
13● ● ● ● ● ●
14● ● ● ● ● ● ●
15● ● ● ● ● ●
16● ● ● ● ● ● ●
17● ● ● ● ● ●
18● ● ● ● ● ● ●
19● ● ● ● ● ●
20● ● ● ● ● ●
21● ● ● ● ● ●
22● ● ● ● ● ●
23● ● ● ● ● ●
24● ● ● ● ● ●
25● ● ● ● ● ●
26● ● ● ● ● ●
27● ● ● ● ●
28● ● ● ● ● ●
29● ● ● ● ● ●
30● ● ● ● ● ●
31● ● ● ● ● ●
32● ● ● ● ● ● ●
33● ● ● ● ● ● ●
34● ● ● ● ● ● ●

図 10.11  ED70 形電気機関車 主回路ツナギ
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表 10.6  新幹線 0 系電車 ノッチ進段表
力行 電制

ノ
ッ
チ

ス
テ
ッ
プ

遮断器 タップ切換器カム 逆転カム 転換カム 主
変
圧
器
動
作

無
負
荷
電
圧

ノ
ッ
チ

遮断器 抵抗カム 逆転カム 転換カム

L11
L21

L12
L22

L13
L23

L14
L24 K1 K2 S1 S2 S3 S4 S5 S6 S7 S8 T1 T2 T3

Rv
11
12
21
22

Rv
13
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23
24

P
11
12
21
22

B
11
12
13
21
22
23

L11
L21

L12
L22

L13
L23

L14
L24

R101
R201

R102
R202

R103
R203

R104
R204

R105
R205

R106
R206

R107
R207

R108
R208

R109
R209

R110
R210

R111
R211

R112
R212

R113
R213

Rv
11
12
21
22

Rv
13
14
23
24

P
11
12
21
22

B
11
12
13
21
22
23

切 ○ ○ ○ ○ ○ ○ ○ ① ● ● ● ●
1 1 ● ● ● ● ● ● ○ ● ● ● ●

差
動

348	 2 ● ● ● ● ●
2 ● ● ● ● ● ● ● ● ● ● ● 435	 3 ● ● ● ● ● ●
3 ● ● ● ● ● ● ● ● ● ● 522	 4 ● ● ● ○ ● ● ●
4 ● ● ● ● ● ● ● ● ● ● ● 609	 ⑤ ● ● ● ○ ● ● ●

2 5 ● ● ● ● ● ● ● ● ● ● 696	 6 ● ● ● ○ ● ● ●
6 ● ● ● ● ● ● ● ● ● ● ● 783	 7 ● ● ● ○ ● ● ●

3 7 ● ● ● ● ● ● ● ● ● ● 870	 8 ● ● ● ● ○ ● ● ●
8 ● ● ● ● ● ● ● ● ● ● ● 957	 ⑨ ● ● ● ○ ○ ○ ● ● ●

4 9 ● ● ● ● ● ● ● ● ● ● 1044	 10 ● ● ● ○ ○ ● ● ●
10 ● ● ● ● ● ● ● ● ● ● ● 1131	 11 ● ● ● ● ● ● ● ● ●
11 ● ● ● ● ● ● ● ● ● ● 1217	 12 ● ● ● ○ ● ○ ○ ● ● ●
12 ● ● ● ● ● ● ● ● ● ● ● 1304	 13 ● ● ● ○ ○ ○ ● ● ●

5 13 ● ● ● ● ● ● ● ● ● 1391	 14 ● ● ● ● ● ● ● ●
14 ● ● ● ● ● ● ● ● ● ● ●

和
動

1478	 15 ● ● ● ○ ● ● ● ● ● ● ●
6 15 ● ● ● ● ● ● ● ● ● ● ● 1565	 16 ● ● ● ○ ○ ● ○ ○ ○ ● ● ●
16 ● ● ● ● ● ● ● ● ● ● ● 1652	 17 ● ● ● ○ ○ ○ ○ ○ ○ ○ ● ● ●
17 ● ● ● ● ● ● ● ● ● ● 1739	 18 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
18 ● ● ● ● ● ● ● ● ● ● ● 1826	 ノッチの○印はスポッティング位置。

上の表は前進ブレーキの場合。7 19 ● ● ● ● ● ● ● ● ● ● 1913	
20 ● ● ● ● ● ● ● ● ● ● ● 2000	

8 21 ● ● ● ● ● ● ● ● ● ● 2087	
22 ● ● ● ● ● ● ● ● ● ● ● 2174	

9 23 ● ● ● ● ● ● ● ● ● ● 2261	
24 ● ● ● ● ● ● ● ● ● ● ● 2348	

10 25 ● ● ● ● ● ● ● ● ● ● 2435	
上の表は前進力行の場合。

図 10.13  新幹線 0 系電車 主回路ツナギ
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図 10.15  EF70 形電気機関車 主回路ツナギ
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図 10.26  ED78 形電気機関車 主回路ツナギ

図 10.27  ED78 形電気機関車 主回路動作概略
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図 10.29  JR 九州 783 系電車 主回路ツナギ
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図 10.33  PWM コンバータ 変調と各部の波形
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表 10.10  各動作モードにおける各部の状態
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致し電流急増 流出し FCは放電される
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加 －

c Tr2 Di4 下アームで短絡し電流増
加 －

d Di1 Di4 FC と起電力の向きが逆
になり電流減少 流入し FCは充電される

a-

負

Di2 Di3 FC と起電力の向きが逆
になり電流減少 流入し FCは充電される

b- Tr1 Di3 上アームで短絡し電流増
加 －

c- Di2 Tr4 下アームで短絡し電流増
加 －

d- Tr1 Tr4 FC と起電力の向きが一
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図 10.34  PWM コンバータの動作モードでの回路の状態
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図 11.12  東京メトロ 16000 系電車 主回路ツナギ
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