OCHOBW ONJAITHOCTUKE BO3UJIA

12. KOHCTPYKUUJA EJIEKTPOINMOKPETAYA
PA3BOJ EJIEKTPOINMOKPETAYA - CTAPTEPA

- 1886. — Karl Benc — naTeHTMpao MOTOPHO BO3WUSO ca
OEH3UHCKNM MOTOPOM,;

- 1888. — Berta Benc — npBo nytoBake y UCTOpUjU
ayTomobununama,

- 1910. — yBeaeH je NpBU ONOBHU akymynarTop;

- 1913. — npBu enekTpnyHKU ctapTep dupme Bosch;
- 1950. — ayTomar ca enekTu4YHMM penejom;

- 1980. — cTaptepu ca ctTanHUMM MarHeTMma,

- 1982. — ctapTepu ca MenynpeHOCHUKOM.



OCHOBW ONJAITHOCTUKE BO3UJIA

Fig. 2

Flywheel starter motor with manual engagement mechanism 1 Multiplate
i AR e e ————— overrunning clutch
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OCHOBW ONJAITHOCTUKE BO3UJIA

@ UMS0168Y
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" ':, Fig. 3
'

Starter motor
Planetary gear
Freewheel
Magnetic brake



@ Operating sequence of the starter motor
)

(1) Resting position

dPa3e papa
cTaprtepa

g e L

1 Ignition / 5 Pinion-engaging lever
starter switch 6 Roller-type overrunning clutch

2 Solenoid switch 7 Pinion
3 Retum spring 8 Battery
4 Excitation winding, 9 Armature
series winding
(2) Pinion tooth meets gap (3 Pinion tooth meets tooth

© UMS0682-1E



OCHOBW ONJAITHOCTUKE BO3UJIA

CTAPTOBAHKE MOTOPA CYC
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@ OCHOBW ANJATHOCTUKE BO3MNA

da3e paga ctapTepa

Phases of the starting sequence (schematic)

—1,600

—11,200

Power P

—400

Engine speed n

Fig. 3
Ms Starter-motor torque
Mg Engine drag

P Power
I Current
__n Engine speed




Engine speed n

OCHOBW ONJAITHOCTUKE BO3UJIA

[‘paHUYHa TeMnepaTypa cTapToBama

Minimum starting temperature

-24
Temperature ¢

6 UMBOTOUE

Fig. 5

Iag

fs

fim

Minimum starting
temperature

Engine speed
achieved by starting
system

Minimum speed
required for starting



OCHOBW ONJAITHOCTUKE BO3UJIA

Minimum starting temperatures

: Type of engine =

Typical minimum starting speeds
at —20 °C




@ OCHOBW ANJATHOCTUKE BO3MNA
KOHCTPYKLUUJA CTAPTEPA
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Fig. 1
Stator housing

Armature winding

Laminated core

Permanent magnets

Carbon brushes

Commutator
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OCHOBW ONJAITHOCTUKE BO3UJIA

Stgrter-motor malrj circuit | Fig.2

A Y

R, Internal impedance

-—-L—> . » of battery
R, e Roern P21 Rs . Rs Starter-motor
" impedance
Roermn Power-cable
U | impedance
U. No-load voltage of
P . | ‘ battery
@D - | Uk U Uk Battery-terminal
T & ) . | voltage

Us Starter-motor voltage

@ Upr Voltage drop across
brushes

Uing Induced voltage in

armature winding

O -
(><

| © UMS0704Y
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@ OCHOBW ANJATHOCTUKE BO3MNA

OOGpPTHM MOMEHT U CHara crtaprepa

M=g Bl d-, B 1

Una=2-7"¢cy* B lped-n,

U.=(R+ Rperm + Rg) - I+ Up + Uing

UL=(Ri+ Roem + Rs) + I+ Up, +
2.7 B:leedn,

i UL—Ubr—(R;'i'Rperm‘FRs)'I
L L hhed At

11



@ OCHOBW ANJATHOCTUKE BO3MNA

OOGpPTHM MOMEHT U CHara crtaprepa

Pi=2-n-M-n

= % (UL~ Upy) - I- (Ri+ Roern t Rs) -2
Eq.3

(Ri+Rperm+RS) Je s

Pn=P, - Vr-Vk



OCHOBW ONJAITHOCTUKE BO3UJIA
BPCTE NOBY[OE

[NloOGyaa oa ctanHuUX marHeTa

Stator housing with permanent magnets

Fig. 3
1 Permanent magnets
2  Stator housing

| @ UMS0892-1Y

Power P

W

1,600

1,200

800

400

rpm

16,000

Engine speed n
S
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4,000

P
200 400 600 800
Current /

Nm

10

Torque M

l
(o))
Voltage U
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@ OCHOBW ANJATHOCTUKE BO3MNA

PenHa nodyna

| _ Stator housing with excitation windings ,:U Characteristics of series-wound motor (schematic)

W pm Nm 7V
L P
10 =110
1,600 16,000
8 -8
1,200 = 12,000
©
a 3 = =S
2l g 63 6%
¥ £ =4 =
> | * =] e | 3
5 800 & 8,000
@2
S | 4 -4
V2l Loy
, o 400 4,000 M
Fig. 5 i
1 Pole shoes y
: . 1 . oL 0 0 JO 5
2 Excitation winding 0 200 400 600 A 800 e
Current / ;

3 Stator housing

B=c3-1 B 1 {UL_Ubr }
" rmrahed [ T Kt ReemtR)

M=ci-c3*lre* d- I 14




OCHOBW ONJAITHOCTUKE BO3UJIA

OUWPEKTHU CTAPTEPU U
CA ME'FJYI'IPEHOCHVIKOM

J{lﬂfk} R AN W AP AL 1 3 I 28 0 T 0 M M LA AL P30 I o DB TR R,
& ¥

}f’,\-
'\‘
\,

&ezu““- R G PP SIS S ———

0003-1Y

Fig. 10
-1 Planet gear

Number of teeth on internal gear

2 Sun gear
3 Internal gear Number of teeth on sun gear 15




OCHOBW ONJATHOCTUKE BO3WJIA
L

4 aliaia =
é’ﬂ? . Solenoid switch

P

-
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O O 0N O O » OO =

—
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. 12
Solenoid armature
Pull-in winding
Hold-in winding
Solenoid core
Contact spring
Switch contacts
Electrical connection
Switch contact
Armature shaft (split)
Return spring

B B I i i P GG

@ Solenoid-switch circuit

P8 8 e e e

3
* ﬁ
Term. 50
Term. 30 :
1 Term. 45 4a | 4b
2
Fig. 13
1 Battery
2 Starter motor
3 lIgnition/starter switch
4 Solenoid switch
4a Pull-in winding
16

4bHold-in winding

. © UMSO71SE



OCHOBW ONJAITHOCTUKE BO3UJIA

3awTnTta KoTBe pereja

. Solenoid switch with rubber-boot seal | Fig. 14

1 Solenoid switch
2 Rubber boot

17

 ® umsoTieY
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MPOKIMN3ABAKE

Roller-type overrunning clutch

OCHOBW ONJAITHOCTUKE BO3UJIA
CNOJHUUE CA MEXAHU3MOM 3A

CnojHuua ca
pornepuma

Fig. 15

1
2
3

N O O b

Cap

Pinion

Driver and
clutch shell
Roller race
Cylindrical roller
Pinion shaft
Springs

Direction of rotation

| @ UMS0134-1Y
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OCHOBW ONJAITHOCTUKE BO3UJIA

CnojHuua ca namenama

Explanation of Figure 16:

Multiplate overrunning clutch

- aResting position

. Disc spring compresses laminated core with initial force.

_ Transmission of drive to clutch race ensured by frictional effect.
b Transmission of drive
Pinion engaged.
Clutch race presses against disc spring.

Compression increases.

Laminated core fully locked.

¢ Torque limitation

Clutch race presses disc spring against collar.

Forces in equilibrium at design rating.
Plates slip if design rating exceeded.

d Overrunning

Direction of force transmission reversed.

Clutch race runs up against stop ring, thus relieving plate
pressure/disengaging drive.

7 Helical spline on

Fig. 16
1 Driver flange
2 Disc spring
3 Laminated core
4  Clutch race
3 5 Stop ring
@ 6 Stopcollaron
§ output shaft
s
®

output shaft 19



OCHOBW ONJAITHOCTUKE BO3UJIA
BPCTE MEXAHU3AMA 3A Y3YBIbEHWE CTAPTEPA

[loMUYHO 3aBOjHN MexaHu3am

Fig. 18

' a Resting position

b  Extended position,
shown at end of lever

travel

Iy Overall pinion travel

I, Solenoid-armature
travel

Is Helical travel

ls Free travel

20
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OCHOBW ONJAITHOCTUKE BO3UJIA

Uckbyvyerwe mMexaHn3ma 3a y3yorbewe

Cutout spring for cutout function

UMSO707Y .

21



@ OCHOBW ANJATHOCTUKE BO3MNA

YnexuwTewe MmexaHM3ma 3a y3yorbemwe

Pinion bearing and bearing forces on starter motors with open and closed end shields

1——4

Fr=100%

Fr = 100%

F,=145% F,=45%

& UMS0T08Y



OCHOBW ONJAITHOCTUKE BO3UJIA
BPCTE CTAPTEPA

OsHauyaBaH-e cTapTepa

Type designation key for starter motors

1
i
o d

R ol ol s g v {2V ] G

—— Direction of rotation (optional)

Voltage (optional)

Cost and performance-related
features

Armature-core length
S Short
M Medium
L Long
E Extended

Stator housing diameter
70 mm
74/78 mm
86/95 mm
109 mm

End shield type
- Open-mouthed
F Closed

Excitation system

- Permanent-magnet
E Electromagnet

Design type
R Reduction-gear
D Direct-drive
C Compact
H Heavy Duty

MS0715E

1
¥ L



OCHOBW ONJATHOCTUKE BO3UJIA

n Starter-motor types for car applications l

2.5
kw l

2.0

15

1.0

‘“. Starier-moior types for commerciai-venicie appications }

Starter-motor power output P,

=
O - N @ A O BN

24




OCHOBW ONJAITHOCTUKE BO3UJIA

OupeKkTHM cTapTepyu 3a NyTHMYKA BO3una

_ Series D78 direct-drive starter motor

B UMS0B98Y

1

2
3
4

(¢}

' Fig. 5

Drive shaft

Stop ring

Pinion

Roller-type
overrunning clutch
Pinion-engaging
lever

Solenoid switch
Electrical connection
Commutator bearing
Brush holder
Commutator
Armature

Magnet

Stator housing
Meshing spring

25



OCHOBW ONJAITHOCTUKE BO3UJIA

CtapTepu ca MeljynpeHOCHMKOM 3a NyTHWYKa Bo3una

Type R70 reduction-gear starter motor \.

Fig. 6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 Drive shaft
Stop ring

2

3 Pinion

4 Roller-type
overrunning clutch

o

Meshing spring

6 Pinion-engaging
lever

7 Solenoid switch

Hold-in winding

9 Pull-in winding
10 Return spring

11 Switch contact
12 Switch contact

13 Electrical connection

14 Commutator end
shield

15 Commutator

16 Brush holder

17 Armature

18 Magnet

19 Stator housing

| © UMSO7ioY

20 Planetary gear

26




OCHOBW ONJAITHOCTUKE BO3UJIA

CrtapTtepu ca MeljynpeHOCHMKOM 3a TepeTHa BO3una

Type RE86/HE(F)95 starter motors for commercial vehicles §

| ® UMS0720Y, 0721Y

Fig. 7

a Conventional design
with open end shield
(Type RE86/HE95)

b Closed-shield design
(Type HEF95)

27



OCHOBW ONJAITHOCTUKE BO3UJIA

CTtapTepu 3a TepeTHa Bo3usia ca ABOCTENEeHNUM y3yorbemem

a — g 1 Fig. 8
' 50 ! 1 .
1. Resting position O-F*L—MB 12 1 R.ln.g gear
Starter motor disconnected . , °"_—I__._)',_l / 13 2 Pinion
from power supply ! . ______ : | 3 Pinion-engaging
A lever
4 Roller-type

overrunning clutch

F—_@ 5 Planetary gear
''''' l_j_‘ 6 Solenoid switch
1475 | 7 Armature
e o 8 8 Excitation winding

; 9 Pole shoe
| 2 Pinion tooth meets gap - Ff sl 11 10 Commutator
Zln ring gear ’ r'[ :'_’\—B = 11 Thermostatic switch
L | 50—+ [B 12 Type MR pilot
. Good meshing position | 2 _ﬂl_, | [ P ' o
(1st engagement stage) | AL /SN R solenoid

13 Ignition/starter switch
14 Battery

‘ Ry Series resistor

'__,___A__._.__,_.__._; 14L—EJ 28



OCHOBW ONJAITHOCTUKE BO3UJIA

3. Pinion tooth meets tooth Fig. 8
on ring gear or edge 1 Ring gear
Starter switched on 13 2 Pinion
Mechwig titout 3 Pinion-engaging
(1st engagement stage)
Meshing spring ensures lever
pinion engagement 4 Roller-type
Main circuit switched on overrunning clutch
_ 5 Planetary gear
g 6 Solenoid switch
| : | 7 Armature
_I_J 8 Excitation winding
' 9 Pole shoe
10 Commutator
11 Thermostatic switch
A 12 Type IMR pilot
4. Engine is turned over solenoid
End position 13 Ignition/starter switch
' (2nd engagement stage) 14 Battery
 Starter motor delivers
max1mum torque Ry Series resistor

29



OCHOBW ONJAITHOCTUKE BO3UJIA

Benuku ctapTepu 3a TellKka TepeTHa Bo3una

Type HEF109-M starter motor with reduction gear and electrically operated two-stage pinion-engaging system

Tr
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o
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UMS07




OCHOBW ONJAITHOCTUKE BO3UJIA

CTtapTtepu ca NOMUYHUM Y3YOIbeHEM U €NTIEKTPOMOTOPHUM
obopTakemM 3yn4yaHuka

Fig. 13
1 Output shaft
2 Drive end shield
3 Multiplate
overrunning clutch

Type KB pre-engaged starter motor with electrically operated two-stage engaging mechanism (cutaway view)

1 2 3 4 5 6 7 8 9 10 11

Armature

Electrical connection
Switch contact
Control relay

Switch contact
Stop

10 Tripping lever

© 0O N O O b~

L
X

i Jﬁ

11 Release lever

12 Pinion-engaging
solenoid

13 End cap

14 Commutator

15 Carbon brush

16 Brush holder

17 Pole shoe

18 Excitation winding

19 Stator housing
20 Pinion 31

B USMO1Be-1Y

20 19 18 17 16 15 14 13 12



OCHOBW ONJAITHOCTUKE BO3UJIA

CTtapTtepu ca NOMUYHUM y3yOrbewem Tnna TB/TF

Type TB pre-engaged starter motor (sectional view) Fig. 15

1 2 3 A 5 & 7 8 9 1 Mating collar for
engine flange

2 Multiplate
overrunning clutch

Pinion-engaging rod

Pole shoe

Armature

Excitation winding
Carbon brush

Brush holder
Electrical connection

© 0O N OO O &~ W

10 Control relay

11 Pinion-engaging
solenoid

12 Cutout spring

13 Commutator
14 Stator housing

15 Helical spline
16 Pinion

32



OCHOBW ONJAITHOCTUKE BO3UJIA
EJIEKTPUYHE BE3E CTAPTEPA

AyTOMaTCKO yKIby4yere cTapTepa

Y

Automatic starting system (circuit) 1 - YnpaBreauku curtan 3a
<O - CTapToBaH€ 0 BO3aya

Term. 15

2 - YnpaBrbayku perej

3 - Ynpasrbayka jeauHuua (ECU)

| 4 - CurHar nonoxaja pyuuue
MeHbada / KBadymna

5 - EnekTponokpeTad (cTapTtep)

T Term. 30

o SN,
s
e

| © NMSo727
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OCHOBW ONJAITHOCTUKE BO3UJIA

Kapakepuctuka akymynartopa npu yTkiby4yesy ctaptepa

Characteristic of a lead-acid accumulator battery lcc CTpyja xnagHor crapTa

: ’ : ' CTapta

U, HanoH cTaunoHapHor
cTaka

U, HanoH HeonTepeheHor
akymynaropa

Voltage U —»

Icc

Current I —»

© NMSO728E
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@ OCHOBW ANJATHOCTUKE BO3MNA
UCTIMTUBAHE CTAPTEPA

UcnutnBarwse Ha camomM Bo3uny

[locmaTpareM npoLieca ctapta Moxe ce gohu oo cnegehunx
3aKrby4vaka:

= HeoOu4aH 3BYK CTapTepa === | Bap cTapTepa Uunu

= cTapTep y3ybu anu moTtop ce — | SYMHacTor BeHUa

obphe Beoma cnopo unu ce

yonwre He obphe, eneKTPUYHO UCMIUTUBAHE
" HemMa 3BYyKa TOKOM L CTapTepa nomony TecT
y3ybronBama ypehaja nnn nHcTpymeHata

" cTapTep He y3yorbyje unm 1o
YMHM BEOMaA CMNopo. —

35



@ OCHOBW ANJATHOCTUKE BO3MNA

EﬂeKTpVI‘-IHa ncnMTnBame Ha BO3UINYy

Y MUpPHOM CTaky MOry ce CnpoBecCTu crieaeha ncnutueamba:

= KBanuTteT cnoja 4OBOAHUX NPOBOAHMKA (Kkabnosa),

= IamepuTn HanoH Ha NpukIbyyky 30,

* [TpoBEPUTU EBEHTYaNHM NPeKU eNneKTPUYHKX CrojeBa 1 NPOBOAHMKA

= IamepuTn npenasHn oTnop crojesa.

Tokom npoLieca cTapTa Mory ce crpoBecTy cnegeha ncnutuBama:

" I3MEPUTU HamMOH Ha NPUKIbYYKY 50,

" N3MEPUTU HaMOH Ha NMPUKIbYYKY peneja 3a y3yorbueame,

" eBEHTYyanHo U3MepPUTU CTPYjy CTapTepa Koja Moxe butu Beha
non 1000 A.

36




@ OCHOBW ANJATHOCTUKE BO3MNA

UcnutuBame cTapTepa Ha NPoOHOM cTony

Starter motor fixed to testing table

- 3amajau
- eNeKkTponoKpeTay (cTapTtep)
- 3alUTUTHX Noknonad,

- CeH30p bpoja obpTaja

o A W N

- py4uua 3a nogellaBane
MOMEHTa onTtepehemna

6 - CTe3HM HOoCcad capTepa

7 - MOHTaXHa npupybHuua
8 - cTanak 3a pukcmpare

37
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OCHOBW ONJAITHOCTUKE BO3UJIA

NcnntmnBame ctaptepa Ha NpobHOM cTony oasuja ce 'y
nBe ase:

* lcnntuBawe cTapTepa y npasHom xoay 6es
onTtepehersa.

* [cnutneare ctaptepa y KpaTKkoM Cnojy, Npu 4emy ce
YKIby4eHM cTaptep ontepehyje nomohy yrpaneHe
KOYHMLE OOK Ce NMOTNYHO He yKo4YM (0BO HE CMe aa
Tpaje gy>xe of HEKONUKO cekyHam)!!!
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