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ALTERNATOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to alternators driven 
by internal combustion engines. In particular, the present 
invention relates to a connection structure of a stator Wind 
ing of an alternator to be mounted on an automotive vehicle, 
such as an automobile or a truck. 

[0003] The entire content of the basic Japanese Patent 
Application from Which the priority under the Convention is 
claimed in this application is hereby incorporated by refer 
ence into this application. 

[0004] 2. Description of the Related Art 

[0005] In recent years, reduced siZes, increased outputs, 
and improved quality have been increasingly required of 
alternators. In order to obtain an increased output from an 
alternator reduced in siZe, it is important to distribute 
magnetic loading and electrical loading in a most appropri 
ate manner and at a highest possible concentration Within a 
limited volume. 

[0006] The outputs of automotive alternators must be 
increased because of increasing vehicle loads While engine 
compartments become smaller, thereby reducing spaces for 
mounting the alternators. There are requirements to reduce 
the noise of the automotive alternators Which operate all the 
time for supplying electricity, the noise becoming relatively 
large With respect to the engine noise Which has been 
reduced in response to the requirements to reduce the noise 
generated toWard the outside and the inside of the vehicle 
compartments. The automotive alternators, Which operate 
all the time, are required to have a very high heat resistance 
because of their severe operating thermal condition in Which 
the alternators are heated by a high Joule heat generated by 
the output current. 

[0007] In order to reduce the siZe and increase the output 
of an alternator, the resistance of a stator Winding must be 
reduced, the space factor of electrical conductors in mag 
netic circuits of the stator must be increased, and the bridge 
portions (bridge portions outside a stator core are called coil 
ends) of the stator Winding must be set in order and be 
concentrated. Furthermore, the requirements for reduced 
noise and heat resistance, and the like must be complied 
With. 

[0008] A structure for reducing the resistance of Windings 
(heat loss), improving the space factor of electrical conduc 
tors, and lining up and concentrating coil ends Was proposed 
disclosed in, for example, Japanese Patent No. 2927288, in 
Which conductor segments formed substantially in a 
U-shape With short conductive Wires having large cross 
sections are used as strands of Wire of the stator Winding. 

[0009] In an alternator of this type, the number of slots per 
pole and per phase tends to increase, that is, the alternator 
tends to have a plurality of sets of a three-phase alternating 
Winding in order to comply With the requirements for 
reduced electrical and magnetic noise and high quality 
electricity supply, Whereby the number of lead Wires for the 
three-phase alternating Winding is increased. When forming 
the three-phase alternating Winding, a Wiring process is 
necessary in Which lead Wires extending from the Windings 
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are draWn and are folded, and are connected. The laborious 
Work in the Wiring process is required to be alleviated. 
HoWever, in the above Japanese Patent No. 2927288, the 
reduction of the load in the Wiring process Was not consid 
ered. 

[0010] Therefore, the applicant of the present invention 
proposed a connection structure of lead Wires of a stator 
Winding in Japanese Patent Application No. 2000-011704 (a 
privately knoWn but unpublished), for reducing load in a 
Wiring process by alleviating the Work for draWing and 
folding lead Wires during a connection process of the stator 
Winding. 
[0011] FIG. 11 is a sectional vieW of a knoWn automotive 
alternator proposed in Japanese Patent Application No. 
2000-011704. FIG. 12 is a perspective vieW of a stator used 
in the knoWn automotive alternator. FIG. 13 is a rear-end 
vieW explaining connections in one phase of a stator Wind 
ing of the knoWn automotive alternator. FIG. 14 is a 
perspective vieW of a terminal assembly for three-phase 
alternating connections in the stator of the knoWn automo 
tive. FIG. 15 is an illustration explaining a method of 
connection betWeen a recti?er and the stator Winding of the 
knoWn automotive alternator. FIG. 16 is a block diagram of 
a circuit used in the knoWn automotive alternator. 

[0012] The automotive alternator shoWn in FIG. 11 
includes a Lundell-type rotor 7 rotatably supported by a 
shaft 6 in a case 3 formed With aluminum front bracket 1 and 
rear bracket 2. Astator 8 is ?xed to the inner Wall of the case 
3 so as to cover the rotor 7 at the periphery of the rotor 7. 

[0013] The shaft 6 is rotatably supported by the front 
bracket 1 and the rear bracket 2. A pulley 4 is ?xed to the 
shaft 6 at one end thereof, for transmitting the rotational 
torque of an engine to the shaft 6 via a belt (not shoWn). 

[0014] Slip rings 9 for feeding current are ?xed to the 
other end of the shaft 6. Apair of brushes 10 are received in 
a brush holder 11 disposed in the case 3. The pair of brushes 
10 are held in contact With the slip rings 9 so as to slide 
thereon. A regulator 18 for regulating alternating voltage 
generated at the stator 8 is connected to a heat sink 17 
coupled With the brush holder 11. Recti?ers 12 for rectifying 
alternating current generated at the stator 8 into direct 
current are mounted in the case 3, the recti?ers 12 being 
electrically connected to the stator 8. 

[0015] The rotor 7 includes a rotor coil 13 for generating 
magnetic ?ux on passage of electric current, and a pair of 
pole cores 20 and 21 so as to cover the rotor coil 13, 
magnetic poles being formed in the pole cores 20 and 21 by 
the magnetic ?ux generated in the rotor coil 13. The pair of 
iron pole cores 20 and 21 include eight claW-shaped mag 
netic poles 22 and eight claW-shaped magnetic poles 23 
around the peripheries of the pole cores 20 and 21, respec 
tively, protruding therefrom and disposed at the same angu 
lar distance from each other in the circumferential directions 
of the respective pole cores 20 and 21. The pair of pole cores 
20 and 21 are fastened to the shaft 6 facing each other such 
that the claW-shaped magnetic poles 22 and 23 intermesh. A 
fan unit 5 is ?xed to the rotor 7 at each axial end thereof. 

[0016] Intake openings 1a and 2a are formed in the front 
bracket 1 and the rear bracket 2, respectively, at each axial 
end face. Discharge openings 1b and tWo outlets 2b are 
formed in tWo outer circumferential shoulder portions of the 



US 2002/0158539 A1 

front bracket 1 and the rear bracket 2, opposite the radial 
outside of the front-end and rear-end coil-end groups 16f and 
16r of the stator Winding 16. 

[0017] In FIG. 12, the stator 8 includes a cylindrical stator 
core 15, made of laminated iron, provided With a plurality of 
slots 15a formed extending in the axial direction at a 
predetermined pitch in the circumferential direction, the 
stator Winding 16 Wound onto the stator core 15, and 
insulators 19 disposed in the slots 15a for electrically 
insulating the stator Winding 16 from the stator core 15. The 
stator Winding 16 include tWenty-four Winding sub-portions 
in each of Which one strand of Wire 30 is bent back outside 
the slots 15a at both end surfaces of the stator core 15 and 
Wound in a Wave-shape so as to alternately occupy an inner 
layer and an outer layer in a slot depth direction Within slots 
15a at every sixth slot (equals a pitch of the magnetic poles). 
The stator core 15 is provided With ninety-six slots 15a at the 
same distance from each other so as to receive tWo sets of 

the three-phase alternating Winding corresponding to the 
number of the magnetic poles Which is 16. Along copper 
Wire having a rectangular cross-section and coated With an 
insulating ?lm, for example, is used as the strand of Wire. 

[0018] The Winding con?guration of a Winding phase 
group 161 for a phase a is described beloW With reference to 
FIG. 13. 

[0019] The Winding phase group 161 for the phase a 
include ?rst to fourth Winding sub-portions 31 to 34, each 
Winding sub-portion being formed With one strand of Wire 
30. The ?rst Winding sub-portion 31 is formed in a manner 
such that one strand of Wire 30 is Wound in a Wave-shape 
into every sixth slot from slot number 1 to 91 so as to 
alternately occupy a ?rst position from the inner circumfer 
ential side (hereinafter, referred to as a ?rst address) and a 
second position from the inner circumferential side (here 
inafter, referred to as a second address) inside the slots 15a, 
and the both ends of the strand of Wire 30 are connected to 
each other, thereby forming the Wave-shaped Winding sub 
portion in one turn. The second Winding sub-portion 32 is 
formed in a manner such that one strand of Wire 30 is Wound 
in a Wave-shape into every sixth slot from slot number 1 to 
91 so as to alternately occupy the second address and the 
?rst address inside the slots 15a, and the both ends of the 
strand of Wire 30 are connected to each other, thereby 
forming the Wave-shaped Winding sub-portion in one turn. 
The third Winding sub-portion 33 is formed in a manner such 
that one strand of Wire 30 is Wound in a Wave-shape into 
every sixth slot from slot number 1 to 91 so as to alternately 
occupy a third position from the inner circumferential side 
(hereinafter, referred to as a third address) and a fourth 
position from the inner circumferential side (hereinafter, 
referred to as a fourth address) inside the slots 15a, and the 
both ends of the strand of Wire 30 are connected to each 
other, thereby forming the Wave-shaped Winding sub-por 
tion in one turn. The fourth Winding sub-portion 34 is 
formed in a manner such that one strand of Wire 30 is Wound 
in a Wave-shape into every sixth slot from slot number 1 to 
91 so as to alternately occupy the fourth address and the 
third address inside the slots 15a, and the both ends of the 
strand of Wire 30 are connected to each other, thereby 
forming the Wave-shaped Winding sub-portion in one turn. 
The strands of Wire 30 are arranged to line up in a roW of 
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four strands Within each slot 15a With the longitudinal 
direction of their rectangular cross-sections aligned in a 
radial direction. 

[0020] Portions of the strands of Wire 30 of the ?rst and 
third Winding sub-portions 31 and 33 extending from slot 
numbers 61 and 67 at an end surface of the stator core 15 are 
cut, respectively, and portions of the strands of Wire 30 of the 
second and fourth Winding sub-portions 32 and 34 extending 
from slot numbers 55 and 61 at the end surface of the stator 
core 15 are cut, respectively. Then, a cut end 31b of the ?rst 
Winding sub-portions 31 and a cut end 33a of the third 
Winding sub-portion 33 are connected, a cut end 32b of the 
second Winding sub-portions 32 and a cut end 34a of the 
fourth Winding sub-portion 34 are connected, and a cut end 
31a of the ?rst Winding sub-portions 31 and a cut end 32a 
of the second Winding sub-portion 32 are connected. Thus, 
the Winding phase group 161 in four turns for the phase a is 
formed With the ?rst to fourth Winding sub-portions 31 to 34 
connected to each other in series. 

[0021] Cut ends 33b and 34b of the third and fourth 
Winding sub-portions 33 and 34, respectively, serve as an 
alternating-current-output lead Wire Oa and a neutral-point 
lead Wire Na for the phase a, respectively. 

[0022] In the same manner, other ?ve sets of four Winding 
sub-portions are disposed in every sixth slot 15a. Thus, the 
Winding phase groups 161 are formed for six phases, each 
set of four Winding sub-portions being offset from the other 
by one slot. 

[0023] In FIG. 12, tWo sets of a three-phase alternating 
Winding constituting the stator Winding 16 include tWenty 
four Winding sub-portions connected in an alternating-cur 
rent connection by using tWo three-phase-connection termi 
nal-assemblies 100. In FIG. 14, each three-phase 
connection terminal-assembly 100 includes a conductive 
neutral-point-connection member 101, three conductive 
bridge-connection members 102, and an insulative resin 
member 103 formed integrally With each other. The con 
ductive neutral-point-connection member 101 is formed by 
bending a metallic bar made of copper or the like having a 
rectangular cross-section, and includes three connection tabs 
101a and one neutral-point lead Wire 101b. Each conductive 
bridge-connection member 102 is formed by bending a 
metallic bar made of copper or the like in a U-shape having 
a rectangular cross-section, and includes connection tabs 
102a at the both ends thereof. 

[0024] TWo three-phase-connection terminal-assemblies 
100 are disposed on the coil-end group 16r of the stator 
Winding 16 in Which the cut ends of the Winding sub 
portions for each phase are connected in a manner such that 
the cut ends 31b and 33a of the ?rst and third Winding 
sub-portions 31 and 33, respectively, are connected to each 
other by arc Welding or the like, and the cut ends 32b and 
34a of the second and fourth Winding sub-portions 32 and 
34, respectively, are connected to each other by arc Welding 
or the like. The cut ends 31a and 32a of the ?rst and second 
Winding sub-portions 31 and 32 for each phase are led 
around, are folded, and are connected to the connection tabs 
102a of each conductive bridge-connection members 102 by 
arc Welding or the like. Thus, the Winding phase groups 161 
for the phase a, phase b, phase c, phase a‘, phase b‘, and 
phase c‘ are formed, the Winding phase group 161 for each 
phase being con?gured With the ?rst to fourth Winding 
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sub-portions 31 to 34. The cut end 34b of the fourth Winding 
sub-portion 34 for each phase is led, is folded, and is 
connected to one of the connection tabs 101a of each 
conductive neutral-point-connection member 101 by arc 
Welding or the like. Thus, a three-phase alternating Winding 
is formed by connecting the Winding phase groups 161 for 
the phases a, b and c in the alternating connection, and 
another three-phase alternating Winding is formed by con 
necting the Winding phase groups 161 for the phases a‘, b‘ 
and c‘ in the alternating connection. The cut ends 31a and 
32a of the ?rst and second Winding sub-portions 31 and 32, 
respectively, function as the bridge-connection lead Wires. 

[0025] In the stator 8 thus con?gured, as shoWn in FIG. 
12, tWo three-phase-connection terminal-assemblies 100 are 
disposed in the vicinity of the coil-end group 16r of the 
stator Winding 16 Wound onto the stator core 15. The 
alternating-current-output lead Wires Oa, Ob, Oc, Oa‘, Ob‘, 
and Oc‘, and the neutral-point lead Wires Nabc and Na‘b‘c‘, 
Which are the neutral-point lead Wires 101b, of the tWo 
three-phase alternating Windings of the stator Winding 16 
eXtend from the coil-end group 16r of the stator Winding 16 
in the aXial direction. 

[0026] In FIG. 15, a metallic connector 104 is ?xed to the 
alternating-current-output lead Wire Oa at the end thereof, is 
bent in the radial direction, and is connected to the recti?er 
12. Other metallic connectors 104 are ?Xed to the alternat 
ing-current-output lead Wires Ob, Oc, Oa‘, Ob‘, and Oc‘ and 
the neutral-point-connection lead Wires Nabc and Na‘b‘c‘ at 
the ends thereof, are bent in the radial directions, and are 
connected to the recti?er 12. Thus, as shoWn in FIG. 16, 
three phases each of the Winding phase groups 161 are 
connected into the alternating connection to form the tWo 
sets of the three-phase alternating Winding 160, and each of 
the three-phase alternating Windings 160 is connected to its 
oWn recti?er 12. The direct current outputs of each recti?er 
12 are combined by being connected in parallel. The neutral 
points of the three-phase alternating Windings 160 are con 
nected to direct current output terminals of the respective 
recti?er 12 via diodes 29. 

[0027] In the knoWn automotive alternator described 
above, the three-phase-connection terminal-assemblies 100 
are disposed in the vicinity of the coil-end group 16r of the 
stator Winding 16 and in a path of cooling air of the fan unit 
5 betWeen the coil-end group 16r and the recti?er 12, 
thereby increasing the Wind resistance against the cooling 
air, Whereby decreasing the volume of cooling air. There 
fore, the recti?er 12 and the stator Winding 16 cannot be 
cooled effectively, thereby increasing the temperature of the 
recti?er 12 and the stator Winding 16. With the heat-up of the 
stator Winding 16, the output thereof decreases. When the 
volume of cooling air is the same, Wind noise increases by 
the three-phase-connection terminal-assemblies 100 Which 
are disposed betWeen the coil-end group 16r and the recti?er 
12. 

[0028] In the knoWn alternator, the alternating-current 
output lead Wires Oa, Ob, Oc, Oa‘, Ob‘, and Oc‘ and the 
neutral-point-connection lead Wires Nabc and Na‘b‘c‘ of the 
three-phase alternating Windings 160 are directly connected 
to the recti?er 12. Therefore, it is necessary to ?X the 
metallic connectors 104 to the above alternating-current 
output lead Wires and the neutral-point-connection lead 
Wires at the ends thereof, to bend the lead Wires in the radial 

Oct. 31, 2002 

direction, and to couple the metallic connectors 104 With the 
recti?er 12, thereby increasing load in the connecting pro 
cess. 

[0029] The three-phase-connection terminal-assemblies 
100, disposed close to the coil-end group 16r, reduce the 
space required for connection of the neutral-point lead Wires 
and the bridge-connection lead Wires With the conductive 
neutral-point-connection members 101 and the conductive 
bridge-connection members 102, respectively, thereby dete 
riorating the operation efficiency in the connecting process. 
The connecting operation, in Which the neutral-point lead 
Wires and the bridge-connection lead Wires are led around, 
are folded, and are connected to the conductive neutral 
point-connection members 101 and the conductive bridge 
connection members 102, respectively, also deteriorates the 
ef?ciency in the connecting process. 

SUMMARY OF THE INVENTION 

[0030] Accordingly, it is an object of the present invention 
to provide a high-output alternator reduced in siZe in Which 
Wind resistance against the cooling air is reduced, the 
ef?ciency in cooling of a recti?er and a stator Winding is 
improved, and the operation ef?ciency in a connecting 
process is improved by disposing conductive connecting 
members at the rear side of a stator With respect to an end 
face of a fan unit in the aXial direction of the stator so that 
the conductive connecting-members oppose the top of a 
coil-end group of the stator Winding. 

[0031] According to an aspect of the present invention, an 
alternator comprises: a stator including a cylindrical stator 
core provided With a plurality of slots extending in an aXial 
direction of the stator, the plurality of slots being disposed 
in parallel to each other along the circumference of the 
stator, and a stator Winding mounted in the plurality of slots 
of the cylindrical stator core, the stator Winding including 
n-sets (n represents a natural number) of a three-phase 
alternating Winding, each set of the three-phase alternating 
Winding being constructed by connecting Winding phase 
groups for three phases offset from each other by an elec 
trical angle of 120 degrees into an alternating connection; a 
rotor enclosed by the cylindrical stator core; a fan unit 
mounted on the rotor; and a recti?er, Wherein the stator 
Winding comprises ?rst Wave-shaped Windings and second 
Wave-shaped Windings, the ?rst Wave-shaped Windings 
being composed of 3n ?rst Winding sub-portions each hav 
ing one turn constructed by Winding in a Wave-shape a 
strand of Wire so as to alternately occupy an inner layer and 
an outer layer in a slot-depth direction Within the slots at 
every 3-nth slot, the ?rst Winding sub-portions being dis 
posed at a pitch of one slot from each other, and the second 
Wave-shaped Windings being composed of 3n second Wind 
ing sub-portions each having one turn constructed by Wind 
ing in a Wave-shape the strand of Wire so as to alternately 
occupy the inner layer and the outer layer in the slot-depth 
direction Within the slots at every 3~nth slot and so as to be 
inversely Wound and offset by an electrical angle of 180 
degrees relative to the ?rst Winding sub-portions, the second 
Winding sub-portions being disposed at a pitch of one slot 
from each other, Whereby m-pairs (m represents a natural 
number) of the ?rst Wave-shaped Windings and the second 
Wave-shaped Windings are disposed so as to arrange alter 
nately and in a roW in-slot-received portions of the ?rst 
Winding sub-portions and in-slot-received portions of the 
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second Winding sub-portions in the slot-depth direction 
Within each of said slots; wherein each set of the three-phase 
alternating Winding is formed by connecting a plurality of 
lead Wires to each other extending from the ?rst Winding 
sub-portions and the second Winding sub-portions via a 
conductive relay member, and connecting into the alternat 
ing connection the three Winding phase groups each com 
posed of the ?rst Winding sub-portions and the second 
Winding sub-portions Which are mounted in every 3-nth slot; 
and Wherein the conductive relay member opposes the top of 
a coil-end group of the stator Winding across a gap therebe 
tWeen. 

[0032] The fan unit may be ?xed to the rotor at least one 
end thereof, the recti?er may be disposed at a side of the 
rotor to Which the fan unit is ?xed, the conductive relay 
member may be disposed at the side of the rotor to Which the 
fan unit is ?xed and be disposed opposite to the rotor With 
respect to an end face of the fan unit in the axial direction 
of the rotor, the plurality of lead Wires may serve as 
alternating-output lead Wires for the three-phase alternating 
Winding, the conductive relay member may serve as con 
ductive alternating-output-relay members having alternat 
ing-current-output-connection terminals extending inWardly 
in the radial direction of the rotor, and the alternating-output 
lead Wires may be connected to the conductive alternating 
output-relay members and be connected to the recti?er via 
the alternating-current-output-connection terminals. 

[0033] The plurality of lead Wires may serve as neutral 
point-connection lead Wires for the Winding phase group, the 
conductive relay member may serve as a conductive neutral 
point-relay member, and the neutral-point-connection lead 
Wire for each phase may be integrally connected to the 
conductive neutral-point-relay member. 

[0034] The conductive neutral-point-relay member may 
include a neutral-point-connection terminal extending 
inWardly in the radial direction of the stator, and the neutral 
point-connection terminal may be connected to the recti?er. 

[0035] The plurality of lead Wires may serve as bridge 
connection lead Wires betWeen the ?rst Winding sub-portions 
and the second Winding sub-portions, the conductive relay 
member may serve as conductive bridge-connection-relay 
members, and the bridge-connection lead Wires may be 
connected to the conductive bridge-connection-relay mem 
bers, Whereby the ?rst Winding sub-portions and the second 
Winding sub-portions are bridge-connected. 

[0036] The plurality of lead Wires may extend in parallel 
to each other from the ?rst Winding sub-portions and the 
second Winding sub-portions in the axial direction, and may 
be connected to the conductive relay member substantially 
at the same predetermined level as each other from an end 
face of the stator core. 

[0037] The conductive relay member and an insulative 
resin member may be formed integrally With each other. 

[0038] The stator may be formed so that the coil-end 
group of the stator Winding does not overlap the fan unit in 
the radial direction. 

[0039] The siZe of the conductive relay member in a radial 
direction of the stator may be not greater than the siZe of the 
coil-end group of the stator Winding in the radial direction of 
the stator. 
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[0040] The strand of Wire may be a continuous conductive 
Wire, and the ?rst Winding sub-portion and the second 
Winding sub-portion may form each of the ?rst Wave-shaped 
Windings Wound in one turn and each of the second Wave 
shaped Windings Wound in one turn, respectively. 

[0041] The each pair of the ?rst Wave-shaped Windings 
and the second Wave-shaped Windings may be formed With 
a Winding assembly composed of a plurality of the ?rst 
Winding sub-portions and a plurality of the second Winding 
sub-portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a sectional vieW of an automotive alter 
nator according to an embodiment of the present invention; 

[0043] FIG. 2 is a perspective vieW shoWing part of a 
strand of Wire constituting a stator Winding used in the 
automotive alternator shoWn in FIG. 1; 

[0044] FIG. 3 is a diagram explaining arrangement of the 
strands of Wire constituting the stator Winding used in the 
automotive alternator shoWn in FIG. 1; 

[0045] FIG. 4A is an end vieW of a Winding assembly 
constituting the stator Winding used in the automotive alter 
nator shoWn in FIG. 1; 

[0046] FIG. 4B is a plan vieW of the Winding assembly 
constituting the stator Winding used in the automotive alter 
nator shoWn in FIG. 1; 

[0047] FIG. 5 is a rear-end vieW explaining connections in 
one phase of the stator Winding used in the automotive 
alternator according to the embodiment of the present inven 
tion; 

[0048] FIG. 6 is a rear-end vieW explaining connections in 
three phases of the stator Winding used in the automotive 
alternator according to the embodiment of the present inven 
tion; 

[0049] FIG. 7 is a perspective vieW of a stator used in the 
automotive alternator according to the embodiment of the 
present invention; 

[0050] FIG. 8 is a perspective vieW of a recti?er used in 
the automotive alternator according to the embodiment of 
the present invention; 

[0051] FIG. 9 is a plan vieW of the recti?er used in the 
automotive alternator according to the embodiment of the 
present invention; 

[0052] FIG. 10 is a perspective vieW shoWing the mount 
ing of the stator to the recti?er, used in the automotive 
alternator according to the embodiment of the present inven 
tion; 

[0053] FIG. 11 is a sectional vieW of a knoWn automotive 
alternator proposed in Japanese Patent Application No. 
2000-011704; 

[0054] FIG. 12 is a perspective vieW of a stator used in the 
knoWn automotive alternator; 

[0055] FIG. 13 is a rear-end vieW explaining connections 
in one phase of the stator Winding used in the knoWn 
automotive alternator; 
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[0056] FIG. 14 is a perspective vieW of a three-phase 
connection terminal-assembly used in the stator of the 
known automotive alternator; 

[0057] FIG. 15 is an illustration explaining a method of 
the connection betWeen the stator Winding and a recti?er 
used in the knoWn automotive alternator; and 

[0058] FIG. 16 is a block diagram of a circuit used in the 
knoWn automotive alternator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0059] An embodiment according to the present invention 
is described beloW With reference to the draWings. 

[0060] FIG. 1 is a sectional vieW of an automotive alter 
nator according to an embodiment of the present invention. 
FIG. 2 is a perspective vieW shoWing part of a strand of Wire 
constituting a stator Winding used in the automotive alter 
nator. FIG. 3 is a diagram explaining arrangement of the 
strands of Wire constituting the stator Winding used in the 
automotive alternator. FIG. 4A is a rear-end vieW of a 
Winding assembly constituting the stator Winding used in the 
automotive alternator, and FIG. 4B is a plan vieW of the 
same. FIG. 5 is a rear-end vieW explaining connections in 
one phase of the stator Winding used in the automotive 
alternator. FIG. 6 is a rear-end vieW explaining connections 
in three phases of the stator Winding used in the automotive 
alternator. FIG. 7 is a perspective vieW of a stator used in the 
automotive alternator. FIGS. 8 and 9 are a perspective vieW 
and a plan vieW, respectively, of a recti?er used in the 
automotive alternator. FIG. 10 is a perspective vieW shoW 
ing the mounting of the stator to the recti?er used in the 
automotive alternator according to the embodiment of the 
present invention. 

[0061] In FIG. 1, a stator 8 has a siZe, including coil-end 
groups 16f and 16r of a stator Winding 16, in the axial 
direction of a rotor 7 smaller than that of the rotor 7 in the 
same direction. The coil-end groups 16f and 16r are dis 
posed so as not to overlap a fan unit 5 in a radial direction 
of the stator Winding 16. The stator Winding 16 is connected 
in an alternating connection by three-phase-connection ter 
minal-assemblies 60. The three-phase-connection terminal 
assemblies 60 are disposed at the rear side With respect to an 
end face of the fan unit 5 in the axial direction of the stator 
so as to oppose the top of the coil-end group 16r of the stator 
Winding 16. 

[0062] The other con?guration is the same as that of a 
knoWn alternator shoWn in FIG. 11. 

[0063] According to the embodiment 1, since the three 
phase-connection terminal-assemblies 60 are disposed at the 
rear side With respect to an end face of the fan unit 5 in the 
axial direction of the stator so as to oppose the top of the 
coil-end group 16r of the stator Winding 16, the three-phase 
connection terminal-assemblies 60 are displaced from a 
space formed betWeen the coil-end group 16r and a recti?er 
12, Which is an air ?oWing path from the fan unit 5. 
Therefore, the Wind resistance against the cooling air in the 
space betWeen the coil-end group 16r and the recti?er 12 is 
reduced, and the volume of cooling air increases. As a result, 
the recti?er 12 and the stator Winding 16 can be cooled 
ef?ciently, thereby suppressing the heat-up of the recti?er 12 
and the stator Winding 16, and the high output of the 
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alternator can be realiZed. Moreover, Wind noise can be 
reduced compared With the knoWn automotive alternator in 
Which the three-phase-connection terminal-assemblies 100 
are disposed in that space When the volume of cooling air is 
the same. 

[0064] Since the coil-end groups 16f and 16r of the stator 
8 are disposed so as not to overlap the fan unit 5 in a radial 
direction of the stator Winding 16, the Wind resistance 
against the cooling air is more reduced, and the above 
described efficiency can be more improved. 

[0065] The components of the alternator are described 
beloW. 

[0066] With reference to FIGS. 2, 3, 4A, and 4B the 
Winding structure of the stator Winding 16 is described. 

[0067] A strand of Wire 30 is made of a continuous copper 
Wire having a rectangular section and coated With an insu 
lative ?lm 49. The strand of Wire 30, as shoWn in FIG. 2, is 
formed by bending it into a planar pattern in Which straight 
portions 30b as in-slot-received portions connected by turn 
portions 30a are lined up at a pitch of six slots (6p). Adjacent 
straight portions 30b are offset alternately by a distance 
equal to one Width (W) of the strands of Wire 30 by means 
of the turn portions 30a. 

[0068] In FIG. 3, tWo strands of Wire 30 formed in such 
a pattern are overlapped the straight portions 30b each other 
by being offset by a pitch of six slots, thereby forming a 
Wire-strand pair. TWo strands of Wire 30 constituting the 
Wire-strand pair are ?rst and second Winding sub-portions 31 
and 32 or third and fourth Winding sub-portions 33 and 34 
Which are described beloW. The Wire-strand pair are formed 
so that one strand of Wire 30 is in a reverse position With 
respect to the other strand of Wire 30 by being offset by an 
electrical angle of 180 degrees. 

[0069] A Winding assembly 39 shoWn in FIGS. 4A and 
4B is constructed by arranging six Wire-strand pair so as to 
be offset by a pitch of one slot from each other. Six ends of 
the strands of Wire 30 extend at each side of each end of the 
Winding assembly 39. The turn portions 30a are arranged so 
as to line up in roWs on the sides of the Winding assembly 
39. In FIGS. 4A and 4B, lead Wires, Which are described 
beloW, are omitted. 

[0070] TWo Winding assemblies 39 thus arranged are 
mounted so as to stack up Within slots 15a of a stator core 

15, thereby forming a stator before Wire-connection. The 
strands of Wire 30 are connected by Welding to each other at 
the ends extending at the ends of the Winding assemblies 39, 
Whereby tWenty-four Wave-shaped Windings each having 
one turn and mounted on the stator core 15 are obtained. 

[0071] The Winding structure of Winding phase group 161 
for one phase (phase a) is described With reference to FIG. 
5. In FIG. 5, the Wires 30 disposed at the rear side of the 
stator are shoWn by solid lines, and the Wires 30 at the front 
side thereof are shoWn by dotted lines. 

[0072] The Winding phase group 161 for a phase a include 
?rst to fourth Winding sub-portions 31 to 34, each Winding 
sub-portion being formed With one strand of Wire 30. The 
?rst Winding sub-portion 31 is formed in a manner such that 
one strand of Wire 30 is Wound in a Wave-shape into every 
sixth slot from slot number 1 to 91 so as to alternately 
occupy a ?rst address and a second address inside the slots 
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15a, and the both ends of the strand of Wire 30 are connected 
to each other, thereby forming the Wave-shaped Winding 
sub-portion in one turn. The second Winding sub-portion 32 
is formed in a manner such that one strand of Wire 30 is 
Wound in a Wave-shape into every sixth slot from slot 
number 1 to 91 so as to alternately occupy the second 
address and the ?rst address inside the slots 15a, and the 
both ends of the strand of Wire 30 are connected to each 
other, thereby forming the Wave-shaped Winding sub-por 
tion in one turn. The third Winding sub-portion 33 is formed 
in a manner such that one strand of Wire 30 is Wound in a 
Wave-shape into every sixth slot from slot number 1 to 91 so 
as to alternately occupy a third address and a fourth address 
inside the slots 15a, and the both ends of the strand of Wire 
30 are connected to each other, thereby forming the Wave 
shaped Winding sub-portion in one turn. The fourth Winding 
sub-portion 34 is formed in a manner such that one strand of 
Wire 30 is Wound in a Wave-shape into every sixth slot from 
slot number 1 to 91 so as to alternately occupy the fourth 
address and the third address inside the slots 15a, and the 
both ends of the strand of Wire 30 are connected to each 
other, thereby forming the Wave-shaped Winding sub-por 
tion in one turn. The strands of Wire 30 are arranged to line 
up in a roW of four strands Within each slot 15a With the 
longitudinal direction of their rectangular cross-sections 
aligned in a radial direction. 

[0073] Portions of the strands of Wire 30 of the second and 
fourth Winding sub-portions 32 and 34 extending from slot 
numbers 55 and 61 at an end surface of the stator core 15 are 
cut, respectively, and portions of the strands of Wire 30 of the 
?rst and third Winding sub-portions 31 and 33 extending 
from slot numbers 61 and 67 at the end surface of the stator 
core 15 are cut, respectively. Then, a cut end 31b of the ?rst 
Winding sub-portions 31 and a cut end 33a of the third 
Winding sub-portion 33 are connected by arc Welding or the 
like, a cut end 32b of the second Winding sub-portions 32 
and a cut end 34a of the fourth Winding sub-portion 34 are 
connected by arc Welding or the like, and a cut end 33b of 
the third Winding sub-portions 33 and a cut end 34b of the 
fourth Winding sub-portion 34 are connected by arc Welding 
or the like. Thus, the Winding phase group 161 in four turns 
for the phase a is formed With the ?rst to fourth Winding 
sub-portions 31 to 34 connected to each other in series. 

[0074] Cut ends 31a and 32a of the ?rst and second 
Winding sub-portions 31 and 32, respectively, serve as a 
neutral-point lead Wire Na and an alternating-current-output 
lead Wire Oa for the phase a, respectively. The cut ends 33b 
and 34b of the third and fourth Winding sub-portions 33 and 
34, respectively, serve as bridge-connection lead Wires for 
the phase a. 

[0075] In the same manner, other ?ve sets of four Winding 
sub-portions are disposed in every sixth slot 15a. Thus, the 
Winding phase groups 161 are formed for six phases, each 
set of four Winding sub-portions being offset from the other 
by one slot. FIG. 6 shoWs connections in the Winding 
sub-portions 161 for three phases (phases a, b, and c). 

[0076] Each strand of Wire 30 constituting the ?rst to 
fourth Winding sub-portions 31 to 34 is Wound in a Wave 
shape in a manner such that the strand of Wire 30 extends 
from one of the slots 15a at an end face of the stator core 15, 
is folded back outside the slots 15a and is inserted in another 
slot 15a disposed aWay across ?ve slots 15a therebetWeen. 
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Each strand of Wire 30 is Wound so as to occupy alternately 
the inner layer and the outer layer With respect to the 
slot-depth direction (radial direction) in every sixth slot. 

[0077] The strand of Wire 30 extend outWards from each 
of the slots 15a at the end faces of the stator core 15 and is 
folded back to form turn portions 30a served as coil ends. 
The turn portions 30a Which are formed into substantially 
the same shape at both ends of the stator 15 are mutually 
spaced circumferentially and radially, and arranged neatly in 
tWo roWs circumferentially, to form coil-end groups 16f and 
16r. 

[0078] With reference to FIG. 7, the con?guration of the 
three-phase-connection terminal-assembly 60 is described 
beloW. 

[0079] The three-phase-connection terminal-assembly 60 
includes a conductive neutral-point-connection member 61, 
three conductive alternating-current-output-connection 
members 62, three conductive bridge-connection members 
63, and an insulative resin member 64 formed integrally 
With each other. The conductive neutral-point-connection 
member 61 made by pressing a metallic plate such as a 
copper plate includes three connection tabs 61a and a 
neutral-point-connection terminal 61b. Each conductive 
alternating-current-output-connection member 62 made by 
pressing a metallic plate such as a copper plate includes a 
connection tab 62a and an alternating-current-output-con 
nection terminal 62b. Each conductive bridge-connection 
member 63 made by pressing a metallic plate such as a 
copper plate includes tWo connection tabs 63a. 

[0080] The three conductive alternating-current-output 
connection members 62 are disposed in line along the 
circumference of the stator 8 at the inner side of connecting 
parts 61c connecting the connection tabs 61a of the con 
ductive neutral-point-connection member 61. The three con 
ductive bridge-connection members 63 are disposed in line 
along the circumference of the stator 8 at the outer side of 
the connecting parts 61c. The conductive neutral-point 
connection member 61, the conductive alternating-current 
output-connection members 62, and the conductive bridge 
connection members 63 are disposed on the same plane. The 
neutral-point-connection terminal 61b and the alternating 
current-output-connection terminal 62b extend inWardly in 
the radial direction. AWidth D of the three-phase-connection 
terminal-assembly 60 including the conductive connection 
members 61, 62, and 63 is smaller than that of the coil-end 
group 16r in a radial direction of the stator 8. 

[0081] The con?guration of the recti?er 12 is described 
beloW With reference to FIGS. 8 and 9. 

[0082] The recti?er 12 includes a pair of semicircular heat 
sinks 120 and 121 coaxially disposed With the major sur 
faces thereof facing in the same direction as each other. A 
semicircular circuit board 122 is laminated on the heat sinks 
120 and 121 at the major surface thereof. Eight diodes 29 are 
?xed to the major surface of each of the heat sinks 120 and 
121. The circuit board 122 is provided With eight connec 
tion-terminals 122a, each connecting one of the diodes 29 
disposed on the major surface of the heat sink 120 With one 
of the diodes 29 disposed on the major surface of the heat 
sink 121. The connection terminal 122a is provided With a 
threaded hole 122b. 










