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n

g
in

e
s
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iven

 th
at th

e en
g

in
e co

n
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ts u
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 th
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P

assat ‘97 are tried
 an
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, w
e w
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u
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e d
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 d
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rau
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e b
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 as b

u
m

p
ers an

d
 im

p
act ab

so
rb

ers. 

T
h

e seat b
elts p

ro
vid
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b
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sio
n
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 th
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ccu

p
an

ts in
 

th
eir seats.

T
h

e b
elt fo

rce lim
iter red

u
ces th

e risk o
f th

e 
b

elt cau
sin

g
 in

ju
ry.
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 th
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ag
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o
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g
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.
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s b
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 b
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s p
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n
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 m
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 p
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e sid
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e fro
n
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T

h
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ed

 airb
ag

 an
d

 g
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m
m
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d

ated
 in

sid
e th

e p
lastic h

o
u

sin
g

.

W
h

en
 th

e sid
e airb

ag
 is trig

g
ered

, th
e g

as 
cartrid

g
es in

 th
e g

as g
en

erato
r are o

p
en

ed
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d

 th
e p
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tech

n
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arg
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n
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h
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e p
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n
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h
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f b

u
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in
g

.

T
h

e sid
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ir b
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e crash
 sen
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rs fo

r th
e sid

e airb
ag
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b
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w
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o
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n
t seats o

n
 th

e seat cro
ss m

em
-

b
ers.

T
h

ey are co
n

d
itio

n
ed

 to
 resp

o
n

d
 to

 lateral fo
rce 

ap
p

licatio
n

.

T
h

e crash
 sen

so
rs are kn

o
w

n
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in
tellig

en
t sen

so
rs. 

T
h

ey o
p

erate in
d

ep
en

d
en

tly o
f each

 o
th

er.
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 ad

d
itio

n
 to

 an
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n
ic acceleratio

n
 sen

so
r, 

th
e en

tire electro
n

ics are in
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rated
 in

 th
e sen

so
r 

h
o

u
sin

g
.

W
h

en
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n
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al to
 th
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n
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l u

n
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 th
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 sen

so
rs, sen

so
rs in

 th
e 

airb
ag

 co
n

tro
l u

n
it evalu

ate th
e severity o

f th
e 

crash
. T

h
e relevan

t sid
e airb

ag
 is n

o
t trig

g
ered

 
u

n
til th

ese sen
so

rs h
ave also

 rco
g

n
ised

 th
at an

 
accid

en
t h

as o
ccu

rred
 an

d
 a crash

 sen
so

r 
sen

d
s an

 airb
ag

 trig
g

er req
u

est.

T
h

e tw
o

 crash
 sen

so
rs b
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w

 th
e fro

n
t seats 

p
erfo

rm
 a fu

n
ctio

n
 ch

eck at reg
u

lar in
tervals, 

p
ro

vid
in

g
 feed

b
ack to

 th
e airb

ag
 co

n
tro

l u
n

it. 

T
h

e system
 statu

s o
f th

e sid
e airb

ag
s can

 b
e 

d
isp

layed
 via th

e self-d
iag

n
o

sis. T
h

e airb
ag

 
co

n
tro

l u
n

it also
 in

d
icates w

h
en

 a fau
lt m

ay 
p

o
ssib

ly h
ave o

ccu
rred

 in
 th

e crash
 sen

so
rs o

r 
th

e sid
e airb

ag
s via th

e airb
ag

 w
arn

in
g

 lam
p

.

T
h

ere is an
 ad

d
itio

n
al en

erg
y sto

rag
e d

evice in
 th

e 
airb

ag
 co

n
tro

l u
n

it fo
r ig

n
itin

g
 th

e sid
e airb

ag
s. If 

th
e p

o
w

er su
p

p
ly fails d

u
rin

g
 an

 accid
en

t, th
is 

en
erg

y sto
rag

e d
evice h

as su
ffi

cien
t en

erg
y to

 
p

o
w

er th
e co

n
tro

l u
n

it an
d

, if n
ecessary, to

 ig
n

ite 
th

e airb
ag

s.

S
e
lf-d

ia
g

n
o

s
is

:

T
h
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iag

n
o

sis is started
 u

sin
g

 ad
d

ress w
o

rd
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B
e
lt te

n
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n
e
r

T
h

e p
yro

tech
n

ical b
elt ten

sio
n

er co
m

b
in

es 
w

ith
 th

e fo
rce lim

iter an
d

 th
e seat b

elt 
reco

g
n

itio
n

 d
evice in

 a sin
g

le u
n

it. It is o
n

ly 
trig

g
ered

 if th
e m

ech
an

ical seat b
elt fasten

ed
 

reco
g

n
itio

n
 system

 reco
g

n
ises an

 u
n

reeled
 

b
elt.

Its co
m

p
act d

esig
n

 m
akes fo

r m
u

ch
 easier 

rep
lacem

en
t.

W
h

en
 an

 im
p

act o
ccu

rs, th
e b

elt ten
sio

n
ers 

reel in
 th

e b
elt an

d
 th

u
s take u

p
 an

y slack 
(clearan

ce b
etw

een
 b

elt an
d

 b
o

d
y).

T
h

e m
o

d
e o

f o
p

eratio
n

 o
f th

e b
elt ten

sio
n

er is 
very d

ifferen
t to

 th
at o

f its p
red

ecesso
rs.

T
h

ere are tw
o

 b
elt ten

sio
n

er varian
ts:

 l
A

 b
all-d

riven
 b

elt ten
sio

n
er, u

sed
 o

n
 th

e 
fro

n
t seats.

 

l
B

elt ten
sio

n
ers o

p
eratin

g
 acco

rd
in

g
 to

 
th

e sam
e p

rin
cip

le as th
e W

an
kel

en
g

in
e, u

sed
 o

n
 th

e rear seats.

Trig
g

er u
n

it

P
ro

p
ellan

t ch
arg

e

Feed
 tu

b
e co

n
tain

in
g

b
alls

G
earw

h
eel

B
all retain

er
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a
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e
s
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tio
n

 o
f fro

n
t b

e
lt te

n
s
io

n
e
r

T
h

e b
elt ten

sio
n

er is activated
 b

y b
alls m

o
u

n
-

ted
 in

 a feed
 tu

b
e.

W
h

en
 th

e b
elt ten

sio
n

er is trig
g

ered
, a p

yro
-

tech
n

ical p
ro

p
ellan

t ch
arg

e ig
n

ites. It sets th
e 

b
alls in

 m
o

tio
n

 an
d

 d
rives th

em
 in

to
 th

e b
all 

retain
er via a g

earw
h

eel.

T
h

e b
elt reelin

g
 d

evice is d
riven

 b
y th

e kin
etic 

en
erg

y o
f th

e b
alls, th

u
s reelin

g
 in

 th
e b

elt.

V
e
h

ic
le

 s
a
fe

ty

P
ro

p
ellan

t ch
arg

e

B
elt

G
earw

h
eel

B
all retain

er

Feed
 tu

b
e

M
ech

an
ical trig

g
er u

n
it

B
elt reelin

g
 d

evice
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S
S

P
 192/125
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R
e
a
r b

e
lt te

n
s
io

n
e
r

T
h

e b
elt ten

sio
n

er can
 b

e d
escrib

ed
 in

 sim
p

ler 
term

s as a “p
yro

tech
n

ical W
an

kel en
g

in
e”. 

T
h

is “W
an

kel en
g

in
e” is d

riven
 b

y 3 p
ro

p
ellan

t 
ch

arg
es. T

h
ey are ig

n
ited

 in
 su

ccessio
n

.

B
elt ten

sio
n

er trig
g

erin
g

 
m

ech
an

ism

B
elt

Lo
ckin

g
 m

ech
an

ism
 w

ith
 

ch
ild

 safety seat lo
ck

B
elt fo

rce lim
iter

B
elt ten

sio
n

er
R

eelin
g

 m
ech

an
ism

S
S

P
 192/066



16 F
u

n
c
tio

n
a
l d

e
s
c
rip

tio
n

 o
f re

a
r b

e
lt te

n
s
io

n
e
r.

T
h

e fi
rst p

ro
p

ellan
t ch

arg
e is ig

n
ited

 b
y a

m
ech

an
ical trig

g
erin

g
 d

evice. 

T
h

e released
 g

as cau
ses th

e ro
to

r to
 ro

tate. 
T

h
e b

elt is tig
h

ten
ed

.
A

fter a certain
 an

g
le o

f ro
tatio

n
, th

e p
isto

n
 

o
p

en
s th

e in
let p

o
rt o

f th
e seco

n
d

 fi
rin

g
 p

in
, 

th
u

s ig
n

itin
g

 th
e seco

n
d

 p
ro

p
ellan

t ch
arg

e.

T
h

e released
 g

as m
akes th

e ro
to

r ro
tate u

n
til 

th
e n

ext in
let ch

an
n

el is o
p

en
ed

. 
T

h
e th

ird
 ch

arg
e ig

n
ites.

T
h

e b
elt ten

sio
n

er is ab
le to

 p
erfo

rm
 ap

p
ro

xi-
m

ately tw
o

 fu
ll tu

rn
s in

 th
is w

ay.

V
e
h

ic
le

 s
a
fe

ty

Firin
g

 p
in

P
ro

p
ellan

t ch
arg

e

W
an

kel ro
to

r

S
S

P
 192/009

S
S

P
 192/010

S
S

P
 192/011

S
S

P
 192/012

M
ech

. trig
g

erin
g

 d
evice
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B
e
lt fo

rc
e
 lim

ite
r

F
u

n
c
tio

n
a
l d

e
s
c
rip

tio
n

 o
f b

e
lt fo

rc
e
 lim

ite
r

If, d
u

e to
 acceleratio

n
, th

e ten
sile fo

rce o
f th

e 
b

elt is so
 h

ig
h

 th
at b

ru
isin

g
 o

r in
tern

al in
ju

ries 
can

 o
ccu

r, th
e ten

sile fo
rce o

f th
e b

elt m
u

st b
e 

lim
ited

 to
 a to

lerab
le level.

It is lim
ited

 b
y th

e b
elt reelin

g
 d

evice to
rsio

n
 

sh
aft. T

h
e to

rsio
n

 sh
aft o

p
erates in

 m
u

ch
 th

e 
sam

e w
ay as a sp

rin
g

. D
ep

en
d

in
g

 o
n

 its ten
sile 

fo
rce, th

e b
elt “g

ives”.
B

o
th

 typ
es o

f b
elt ten

sio
n

er u
se th

e sam
e 

system

B
elt reelin

g
 d

evice

T
h

e en
d

 o
f th

e slo
t lim

its 
th

e d
istan

ce w
h

ich
 th

e 
reelin

g
 d

evice can
 

“g
ive”.

T
h

e to
rsio

n
 sh

aft is co
n

-
n

ected
 to

 th
e g

earw
h

eel 
o

n
 th

is sid
e.

B
elt

T
h

e to
rsio

n
 sh

aft is co
n

-
n

ected
 to

 th
e reelin

g
 

d
evice o

n
 th

is sid
e.

T
h

e reelin
g

 d
evice is ab

le 
to

 ro
tate freely w

ith
in

 
g

earw
h

eel in
n

er race.

T
h

e to
rsio

n
 sh

aft ru
n

s th
ro

u
g

h
 th

e 
b

elt reelin
g

 d
evice. S

S
P

 192/065
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. W

h
ic

h
 c

o
m

p
o

n
e
n

ts
 b

e
lo

n
g

 to
 th

e
 re

s
tra

in
t s

y
s
te

m
 o

f th
e
 P

a
s
s
a
t ‘9

7
?

2
. T

h
e
 s

id
e
 a

irb
a
g

 h
a
s
 a

 c
a
p

a
c
ity

 o
f

a) 8 litres,

b
) 12 litres o

r

c) 15 litres.

3
. T

h
e
 s

id
e
 a

irb
a
g

 c
ra

s
h

 s
e
n

s
o

rs
 re

s
p

o
n

d
 to

 th
e
 a

p
p

lic
a
tio

n
 o

f ................................. fo
rc

e
.

T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

4
. W

h
a
t is

 th
e
 fu

n
c
tio

n
 o

f th
e
 b

e
lt fo

rc
e
 lim

ite
r?
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5
. T

h
e
 re

a
r b

e
lt te

n
s
io

n
e
r

a) o
p

erates acco
rd

in
g

 to
 th

e W
an

kel en
g

in
e p

rin
cip

le,

b
) u

ses a d
iap

h
rag

m
 p

u
m

p
,

c) is b
all-activated

.

6
. A

n
n

o
ta

te
 th

e
 fo

llo
w

in
g

 d
ra

w
in

g
.

S
S

P
 192/126

a)c)

b
)

d
)

f) e)
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-ltr. 5
V

 E
n

g
in

e
 A

D
R

T
h

e 1.8-ltr. 5V
 en

g
in

e h
as a tw

in
 p

ath
 in

take 
m

an
ifo

ld
.

T
h

e tw
in

 p
ath

 in
take m

an
ifo

ld
 is d

esig
n

ed
 so

 
th

at it is p
o

ssib
le to

 sw
itch

 b
etw

een
 lo

n
g

 an
d

 
sh

o
rt in

take p
ath

s.

L
o

n
g

 in
ta

k
e
 p

a
th

A
 lo

n
g

 in
take p

ath
 p

erm
ite o

p
tim

u
m

 ch
arg

in
g

 
o

f th
e cylin

d
er, an

d
 co

n
seq

u
en

tly h
ig

h
 to

rq
u

e, 
in

 th
e lo

w
 sp

eed
 ran

g
e.

S
h

o
rt in

ta
k
e
 p

a
th

S
w

itch
in

g
 o

ver to
 th

e sh
o

rt in
take m

an
ifo

ld
 

p
erm

its h
ig

h
 p

o
w

er o
u

tp
u

t in
 th

e u
p

p
er sp

eed
 

ran
g

e.

T
w

in
 p

a
th

 in
ta

k
e
 m

a
n

ifo
ld

S
S

P
 192/085

O
n

 th
e fo

llo
w

in
g

 p
ag

e, w
e w

ill sh
o

w
 yo

u
 th

e n
ew

 tech
n

ical featu
res o

f th
e 1.8-ltr. 5V

 en
g

in
e, 

1.8-ltr. 5V
 tu

rb
o

, 2.8-ltr. V
6 an

d
 T

D
I en

g
in

es.

Tw
in

 p
ath

 in
take m

an
ifo

ld

Vacu
u

m
 u

n
it
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E
le

c
tric

 c
irc

u
it

3015X31

3015X31

N
156

S

J220

64
4

3

2

C
o

m
p

o
n

e
n

ts

J17
Fu

el p
u

m
p

 relay
J220

M
o

tro
n

ic co
n

tro
l u

n
it

N
156

In
take m

an
ifo

ld
 p

ressu
re

ch
an

g
e valve

S
Fu

se

J17

IN
O

U
T

S
S

P
 192/106

T
h

e en
g

in
e co

n
tro

l u
n

it sen
d

s a sig
n

al to
 th

e 
in

take m
an

ifo
ld

 p
ressu

re ch
an

g
e valve. 

It u
ses th

e vacu
u

m
 u

n
it to

 ch
an

g
e o

ver th
e 

in
take m

an
ifo

ld
. P

o
w

er is su
p

p
lied

 via th
e fu

el 
p

u
m

p
 relay.

 E
n

g
in

e co
n

tro
l u

n
it J220

IIn
take m

an
ifo

ld
 p

ressu
re 

ch
an

g
e valve N

156

Vacu
u

m
 u

n
it

S
S

P
 192/127
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-ltr. 5
V

 T
u

rb
o

 E
n

g
in

e
 A

E
B

S
y
s
te

m
 o

v
e
rv

ie
w

S
e
n

s
o

rs

Lam
b

d
a p

ro
b

e
G

39

A
c
tu

a
to

rs

A
ir m

ass m
eter

G
70

K
n

o
ck sen

so
rs

G
61 + G

66

In
take m

an
ifo

ld
 

tem
p

eratu
re sen

d
er

G
72

T
h

e 1.8-ltr. 5V
 tu

rb
o

 en
g

in
e is eq

u
ip

p
ed

 w
ith

 th
e M

o
tro

n
ic M

 3.8.2 en
g

in
e m

an
ag

em
en

t system
.

H
all sen

d
er

G
40

E
n

g
in

e sp
eed

sen
d

er G
28

C
o

o
lan

t tem
p

era-
tu

re sen
d

er G
62

A
ltitu

d
e sen

d
er

F96

A
d

d
itio

n
al sig

n
als

T
h

ro
ttle valve co

n
-

tro
l valve J338

In
jectio

n
 valves

N
30, N

31, N
32, N

33

O
u

tp
u

t stag
e

N
122

Ig
n

itio
n

 co
ils

N
, N

128, N
158, N

163

T
h

ro
ttle valve co

n
-

tro
l u

n
it J338

A
ctivated

 ch
arco

al 
fi

lter system
 so

le-
n

o
id

 valve N
80

C
h

arg
e p

ressu
re lim

i-
tatio

n
 so

len
o

id
 valve

N
75

A
d

d
itio

n
al sig

n
als

D
iag

n
o

stic co
n

n
ec-

tio
n

Fu
el p

u
m

p
 G

6
w

ith
 fu

el p
u

m
p

 relay 
J17

 E
n

g
in

e co
n

tro
l u

n
it

J220

S
S

P
 192/074

 Im
m

o
b

iliser co
n

tro
l u

n
it

J362
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F
u

n
c
tio

n
 d

ia
g

ra
m

 1
.8

-ltr. 5
V

 tu
rb

o
 e

n
g

in
e
 A

E
B

C
o

lo
u

r c
o

d
e

In
p

u
t sig

n
al

O
u

tp
u

t sig
n

al

P
o

sitive

N
eg

ative

C
o

m
p

o
n

e
n

ts

F96
A

ltitu
d

e sen
d

er

G
6

Fu
el p

u
m

p
G

28
E

n
g

in
e sp

eed
 sen

d
er

G
39

Lam
b

d
a p

ro
b

e
G

40
H

all sen
d

er
G

61
K

n
o

ck sen
so

r I
G

62
C

o
o

lan
t tem

p
eratu

re sen
d

er 
G

66
K

n
o

ck sen
so

r II
G

70
A

ir m
ass m

eter
G

72
In

take m
an

ifo
ld

 tem
p

eratu
re sen

d
er

J17
Fu

el p
u

m
p

 relay
J220

C
o

n
tro

l u
n

it fo
r M

o
tro

n
ic

J338
T

h
ro

ttle valve co
n

tro
l u

n
it

N
Ig

n
itio

n
 co

il
N

30
In

jectio
n

 valve, cylin
d

er 1
N

31
In

jectio
n

 valve, cylin
d

er 2
N

32
In

jectio
n

 valve, cylin
d

er 3
N

33
In

jectio
n

 valve, cylin
d

er 4
N

75
C

h
arg

e p
ressu

re lim
itatio

n
 so

len
o

id
 valve

N
80

A
ctivated

 ch
arco

al system
 so

len
o

id
 valve

N
122

O
u

tp
u

t stag
e

N
128

Ig
n

itio
n

 co
il 2

N
158

Ig
n

itio
n

 co
il 3

N
163

Ig
n

itio
n

 co
il 4

S
Fu

se

A
d

d
itio

n
a
l s

ig
n

a
ls

P
in

 5
A

ctu
al en

g
in

e to
rq

u
e (o

u
t)

P
in

 6
S

p
eed

 sig
n

al (o
u

t)
P

in
 7

T
h

ro
ttle valve p

o
ten

tio
m

eter
sig

n
al (o

u
t)

P
in

 8
A

ir-co
n

d
itio

n
er co

m
p

resso
r sig

n
al 

(in
 + o

u
t)

P
in

 18
Fu

el co
n

su
m

p
tio

n
 sig

n
al (o

u
t)

P
in

 20
R

o
ad

 sp
eed

 sig
n

al (in
)

P
in

 22
G

ear en
g

ag
ed

 sig
n

al fo
r au

to
m

atic 
g

earb
o

x (in
)

P
in

 23
A

u
to

. g
earb

o
x C

U
 retard

 sig
n

al to
 en

g
in

e
C

U
 (in

)
P

in
 49

U
p

sh
ift/d

o
w

n
sh

ift sig
n

al fo
r

au
to

m
atic g

earb
o

x (in
)
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N
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-ltr. V
6
 E

n
g

in
e
 A

C
K

V
a
ria

b
le

 v
a
lv

e
 tim

in
g

It p
ro

vid
es h

ig
h

 to
rq

u
e w

h
en

 d
rivin

g
 in

 lo
w

 g
ears 

at lo
w

 sp
eed

s, th
u

s im
p

ro
vin

g
 fu

el eco
n

o
m

y an
d

 
red

u
cin

g
 exh

au
st em

issio
n

s.

H
ig

h
 o

u
tp

u
t is n

eed
ed

 at h
ig

h
 sp

eed
s. To

 
ach

ieve b
o

th
, th

e cylin
d

er m
u

st b
e w

ell-fi
lled

 
in

 all sp
eed

 ran
g

es.

A
t lo

w
 sp

eed
s, th

e p
isto

n
 m

o
ves so

 slo
w

ly th
at 

th
e g

as m
ixtu

re in
 th

e in
take m

an
ifo

ld
 fo

llo
w

s 
th

e m
o

vem
en

t o
f th

e p
isto

n
. 

T
h

e in
let valve m

u
st b

e clo
sed

 early so
 th

at th
e 

fu
el-air m

ixtu
re is n

o
t fo

rced
 b

ack in
to

 th
e 

in
take m

an
ifo

ld
.

A
t h

ig
h

 sp
eed

s, th
e fl

o
w

 rate in
sid

e th
e in

take 
m

an
ifo

ld
  is so

 h
ig

h
 th

at th
e m

ixtu
re can

 co
n

tin
u

e 
to

 fl
o

w
 in

to
 th

e cylin
d

er alth
o

u
g

h
 th

e p
isto

n
 is 

m
o

vin
g

 b
ack u

p
.

T
h

e in
let valve is clo

sed
 w

h
en

 th
e fu

el-air m
ixtu

re 
can

 n
o

 lo
n

g
er en

ter th
e cylin

d
er.

In
 en

g
in

es w
ith

 variab
le valve tim

in
g

, th
e clo

sin
g

 
tim

es o
f th

e in
let valve are ad

ap
ted

 to
 th

e sp
eed

 
ran

g
e.

In
jectio

n
 valve 

clo
ses early

In
jectio

n
 valve 

clo
ses late

S
S

P
 192/131

S
S

P
 192/130
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T
h

e
 p

rin
c
ip

le
 o

f v
a
ria

b
le

 v
a
lv

e
 tim

in
g

:

P
e
rfo

rm
a
n

c
e
 p

o
s
itio

n

In
 th

e “P
erfo

rm
an

ce” p
o

sitio
n

, th
e lo

w
er sectio

n
 

o
f th

e ch
ain

 is sh
o

rt w
h

ile th
e u

p
p

er o
n

e is lo
n

g
.

T
h

e in
let valve clo

ses late. 
T

h
e rap

id
 air fl

o
w

 w
ith

in
 th

e in
take m

an
ifo

ld
 

en
su

res th
at th

e cylin
d

er ch
arg

e is h
ig

h
. T

h
e 

en
g

in
e is th

u
s ab

le to
 d

evelo
p

 h
ig

h
 o

u
tp

u
t at h

ig
h

 
sp

eed
s.

T
o

rq
u

e
 p

o
s
itio

n

M
o

vin
g

 th
e variab

le valve tim
er d

o
w

n
 sh

o
rten

s 
th

e u
p

p
er ch

ain
 sectio

n
 an

d
 len

g
th

en
s th

e lo
w

er 
o

n
e.

T
h

e in
let cam

sh
afts th

erefo
re ro

tate in
 relatio

n
 

to
 th

e exh
au

st cam
sh

aft. T
h

e exh
au

st cam
sh

aft 
can

n
o

t ro
tate at th

e sam
e tim

e, sin
ce it is 

restrain
ed

 b
y th

e to
o

th
ed

 b
elt.

T
h

e in
let valve clo

ses early. 
In

 th
is p

o
sitio

n
, h

ig
h

 to
rq

u
e is p

ro
d

u
ced

 in
 th

e 
lo

w
er an

d
 m

ed
iu

m
 sp

eed
 ran

g
es.

T
h

e exh
au

st cam
sh

aft is d
riven

 b
y th

e 
cran

ksh
aft b

y m
ean

s o
f a to

o
th

ed
 b

elt. 
T

h
e in

let cam
sh

aft is d
riven

 b
y th

e exh
au

st 
cam

sh
aft b

y m
ean

s o
f a ch

ain
. 

W
ith

 variab
le valve tim

in
g

, th
e o

p
en

in
g

 tim
es

o
f th

e in
let valves are ad

ju
sted

 d
ep

en
d

in
g

 o
n

en
g

in
e sp

eed
. T

h
e d

rive ch
ain

 th
erefo

re tu
rn

s
th

e in
let cam

sh
aft.

In
let cam

sh
aft

E
xh

au
st cam

sh
aft

Variab
le valve tim

er
S

S
P

 192/081

S
S

P
 192/080
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-ltr. V
6
 E

n
g

in
e
 A

C
K

V
a
ria

b
le

 v
a
lv

e
 tim

e
r

A
 h

yd
rau

lic cylin
d
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w
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le 
valve tim

er. O
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p
p

lied
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e h

yd
rau

lic cylin
d

er 
via th

e en
g

in
e o
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it.
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h

e en
g

in
e co

n
tro

l u
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d
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le valve tim
in

g
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o

l-
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 d
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er h

o
u

sin
g

.
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er w
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sio
n
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in
g
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H
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rau
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d
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T
h

e d
esig

n
 o

f th
e V

6 en
g

in
e m
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h

eavy d
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an
d

s o
n
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le valve tim
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g

.
V
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ed

 fro
m
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o

ve, th
e exh

au
st cam

sh
afts are 

arran
g

ed
 o

n
 th

e o
u

tsid
e an

d
 th

e in
let cam

s-
h

afts o
n

 th
e in

sid
e.

A
s a resu

lt, th
e variab

le valve tim
ers o

f th
e left 

an
d

 rig
h

t b
an

k o
f cylin

d
ers h

ave to
 o

p
erate in

 
o

p
p

o
site d

irectio
n

s.

V
a
ria

b
le

 v
a
lv

e
 tim

in
g

 in
 th

e
 V

6
 e

n
g

in
e

Id
lin

g

W
h

en
 th

e en
g

in
e is id

lin
g

, th
e in

let valves are 
clo

sed
 late.

T
o

rq
u

e
 p

o
s
itio

n

T
h

e in
let valves are clo

sed
 early ab

o
ve an

 en
g

in
e 

sp
eed

 o
f 1000 rp

m
. T

h
e cam

sh
aft ad

ju
ster o

f th
e 

left b
an

k o
f cylin

d
ers m

o
ves d

o
w

n
 w

h
ile th

e 
rig

h
t cylin

d
er b

an
k variab

le valve tim
er m

o
ves 

u
p

.

P
e
rfo

rm
a
n

c
e
 p

o
s
itio

n

A
t a sp

eed
 o

f 3700 rp
m

, th
e in

let valves are 
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sed
 late.

S
S

P
 192/129

S
S

P
 192/103

S
S

P
 192/104

S
S

P
 192/103

In
let cam

sh
aft

E
xh

au
st cam

sh
aft



30 2
.8

-ltr. V
6
 E

n
g

in
e
 A

C
K

S
y
s
te

m
 o

v
e
rv

ie
w

S
e
n

s
o

rs

A
c
tu

a
to

rs

T
h

e 2.8-ltr. V
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 b
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d
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d
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ro
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d
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g
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u
m

p
G

28
E

n
g

in
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n
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e
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N

R
a
d
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n
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n
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E
le

c
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 c
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u
it
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3015X31

S

V
7
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N
39

3

A
 rad

iato
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 ru
n

-o
n

 facility co
n

tro
lled

 b
y th

e 
en

g
in

e m
an
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em

en
t system

 is b
ein

g
 u
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th

e 1.9-ltr. 81kW
 T

D
I en

g
in

e fo
r th

e fi
rst tim

e. 
T

h
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van
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e o
f th

is is th
at th
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ru
n

-o
n
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le an
d
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 co

n
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u
en

tly 
b
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 th
e p
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u

s o
p
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g
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n

d
itio

n
s an

d
 lo
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 co

n
d

itio
n

s o
f th

e en
g

in
e.

T
h

e ru
n
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in
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e en

g
in
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n
tro

l u
n
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ap
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w

an
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e fo

r th
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o
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p
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re an

d
 

en
g
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e lo
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 d

u
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g
 th
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n

al m
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o

p
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n
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re th
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g
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 o
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T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

1
. 

W
h

ic
h

 o
f th

e
 fo

llo
w

in
g

 d
ia

g
ra

m
s
 re

p
re

s
e
n

ts
 th

e
 “

P
e
rfo

rm
a
n

c
e
”
 p

o
s
itio

n
 

a
n

d
 th

e
 “

T
o

rq
u

e
”
 p

o
s
itio

n
 in

 th
e
 2

.8
-ltr. V

6
 e

n
g

in
e
?

2
.

C
o

m
p

le
te

 th
e
 fo

llo
w

in
g

 te
x
t.

A
t lo

w
 sp

eed
s, th

e p
isto

n
 m

o
ves so

th
at th

e g
as m

ixtu
re in

 

fo
llo

w
s th

e m
o

vem
en

t o
f th

e p
isto

n
. T

h
e in

let valve 

so
 th

at th
e fu

el-air m
ixtu

re is n
o

t fo
rced

 b
ack in

to
 th

e in
take m

an
ifo

ld
.

A
t h

ig
h

 sp
eed

s, th
e fl

o
w

 rate in
 th

e in
take m

an
ifo

ld
 is so

 

th
at th

e m
ixtu

re

alth
o

u
g

h
 th

e p
isto

n
 is m

o
vin

g
 b

ack u
p

.

T
h

e in
let valve is n

o
t

u
n

til th
e fu

el-air m
ixtu

re can
 n

o
 lo

n
g

er en
ter th

e cylin
d

er.
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M
a
g

n
e
s
iu

m
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h

tw
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h
t co

n
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ctio
n
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o

w
 p

lays a cen
tral 

ro
le in

 veh
icle d

evelo
p

m
en

t, d
u

e to
 th

e to
u

g
h

 
d

em
an

d
s o

n
 p

erfo
rm

an
ce, safety an

d
 fu

el
eco

n
o

m
y.

W
eig

h
in

g
 ro

u
g

h
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m

in
iu

m
, 

m
ag

n
esiu

m
 is, as a m

aterial, w
ell-su

ited
 to

 
m

eetin
g

 th
ese d

em
an

d
s.

W
e w

ill
sh

o
w

 yo
u

 th
e ad

van
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d

 im
p

acts
o

f m
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n
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m
 u
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g
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 m
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u
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g
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o

x h
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.

D
e
n

s
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 c
o

m
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o
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3

A
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3

M
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n
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m
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3

T
h

e stren
g

th
 o

f a m
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d
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n
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d
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n
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er th
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g
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w
 d
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o
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h
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d
 in
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d
 w

ith
 lo

w
 stren

g
th

. T
h
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ss o
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g
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 h
as to

 b
e co

m
p

en
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r so

m
eh

o
w

.

T
h

e h
o

u
sin

g
 is th
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b
ed
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o

re in
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an

d
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ickn
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as b
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e m
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n
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m
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 th

e p
resen

ce o
f w

ater, an
 electric cu

rren
t 

d
evelo

p
s b

etw
een

 tw
o

 d
ifferen

t m
etals. T

h
e 

car b
attery o

p
erates acco

rd
in

g
 to
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ilar 

p
rin

cip
le.

T
h

e electric cu
rren

t cau
ses o

n
e o

f th
e tw

o
 

m
etals to

 d
eco

m
p

o
se. If a m

etal d
eco

m
p

o
ses 
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ed

 a n
o

n
-p

recio
u

s m
etal. If a 

m
etal d

o
es n

o
t d

eco
m

p
o

se easily, it is term
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a p

recio
u

s m
etal. 

A
n

 electro
ch

em
ical vo

ltag
e series is p

ro
d

u
ced

 
b

y arran
g

in
g

 th
e m

etals in
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d
in

g
 

fro
m

 n
o

n
-p

recio
u

s m
etal to

 p
recio

u
s m

etal.
T

h
e fu

rth
er th

e m
etals in

 th
e vo

ltag
e series are 

ap
art fro

m
 o

n
e an

o
th

er, th
e h

ig
h

er th
e cu

rren
t 

an
d

 th
e m

o
re read

ily th
e less p

recio
u

s m
etals 

d
eco

m
p

o
se.
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a
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In
 th

is exam
p

le, a m
ag

n
esiu

m
 co

m
p

o
n

en
t is 
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ed

 u
sin

g
 a b

o
lt m
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e is an

 iro
n

 allo
y. If 

th
e co

n
tact su

rface is w
etted

 w
ith

 w
ater, an

 
electric cu

rren
t o

ccu
rs b

etw
een

 th
e tw

o
 

m
etals. T

h
is lead

s to
 co

n
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sio

n
. T

h
e 

m
ag

n
esiu

m
 is d

eco
m

p
o

sed
 at th
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e tim

e.

C
o

n
tact co

rro
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n
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 b
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y in

h
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itin
g

 
th

e electric cu
rren

t b
etw

een
 th

e tw
o

 m
etals b

y 
co

atin
g

 th
e b

o
lt w

ith
 an

 in
su
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g

 layer. T
h

is 
in

su
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g
 layer is co

m
p

o
sed

 o
f a sp

ecial 
n

o
n

-co
n

d
u

ctive co
atin

g
.

A
 sp

ecial co
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g
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p
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d
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n
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h
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m
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 d

irect co
n
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ith
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n
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m
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n
s g

iven
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o
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ater

S
p

ecial co
atin

g

M
a
g

n
e
s
iu

m

W
ater

C
o

rro
sio

n
S

S
P

 192/097

S
S

P
 192/061



39

T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

1
. 

W
h

a
t is

 th
e
 in

s
e
rtio

n
 d

e
p

th
 fo

r m
a
g

n
e
s
iu

m
 c

o
m

p
a
re

d
 to

 th
a
t fo

r iro
n

?

a)
2.0 tim

es g
reater,

b
)

5.2 tim
es g

reater,

c)
2.5 tim

es g
reater.

2
.

A
s
s
ig

n
 th

e
 m

e
ta

ls
 o

f g
o

ld
, iro

n
, m

a
g

n
e
s
iu

m
, c

o
p

p
e
r, a

lu
m

in
iu

m
 a

n
d

 le
a
d

 to
 th

e
 fo

llo
w

in
g

 

d
ra

w
in

g
.

a)
b

)
c)

d
)

e)

f)
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riv

e
 s

h
a
fts

T
rip

le
 ro

lle
r c

o
n

s
ta

n
t v

e
lo

c
ity

 jo
in

t

T
h

e  trip
le ro

ller C
V

 jo
in

t red
u

ces th
e tran

sm
is-

sio
n

 o
f vib

ratio
n

s an
d

 n
o

ise fro
m

 th
e en

g
in

e/
g

earb
o

x u
n

it to
 th

e b
o

d
y.

Trip
le ro

ller jo
in

ts are p
rin

cip
ally u

sed
 in

 d
iesel 

an
d

 au
to

m
atic cars. 

T
h

is is n
ecessary d

u
e to

 th
e h

ig
h

 vib
ratio

n
s 

w
h

ich
 o

ccu
r in

 d
iesel en

g
in

es an
d

 th
e p

reten
-

sio
n

in
g

 fo
rces w

h
ich

 o
ccu

r in
 au

to
m

atic d
rive 

train
s.

D
e
s
ig

n

T
h

e trip
le ro

ller jo
in

t h
as th

ree sp
h

erical jo
u

rn
als

w
ith

 a ro
ller fi

tted
 to

 each
 o

f th
em

. 
T

h
e ro

llers are lo
cated

 in
 races an

d
 can

 slid
e an

d
sw

ivel o
n

 th
e trip

o
d

 star.

C
V

b
all jo

in
t

Trip
le ro

ller jo
in

t

Trip
o

d
 star

R
ace

D
rive sh

aft

 H
o

u
sin

g

S
S

P
 192/056

S
S

P
 192/071

R
o

ller
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Trip
le ro

ller jo
in

t p
in

D
rive sh

aft

 Trip
le ro

ller jo
in

ts

R
ace

F
u

n
c
tio

n

T
h

e p
rin

cip
al task o

f th
e d

rive sh
afts is to

 tran
sm

it 
p

o
w

er fro
m

 th
e g

earb
o

x to
 th

e w
h

eels.
T

h
ey are also

 resp
o

n
sib

le fo
r len

g
th

 co
m

p
en

sa-
tio

n
.

T
h

e en
g

in
e/g

earb
o

x u
n

it ru
n

s in
 elastic 

b
earin

g
s. A

t certain
 sp

eed
s, th

e u
n

it b
eg

in
s to

 
o

scillate in
 its m

o
u

n
tin

g
s.

T
h

is m
o

vem
en

t is co
m

p
en

sated
 b

y th
e trip

le 
ro

ller jo
in

ts, w
h

ereb
y th

e trip
o

d
 star, to

g
eth

er 
w

ith
 th

e ro
llers, slid

e w
ith

in
 th

eir races.

T
h

e trip
le ro

ller jo
in

t h
o

u
sin

g
 is p

u
sh

ed
 o

ver th
e 

trip
o

d
 star ro

llers b
y th

e m
o

vem
en

t o
f th

e en
g

in
e/

g
earb

o
x u

n
it.

T
h

e d
rive sh

aft rem
ain

s statio
n

ary in
 th

e p
ro

cess. 

S
S

P
 192/041

S
S

P
 192/042

S
S

P
 192/043

R
o

ller

M
o

vin
g

 p
arts

S
tatio

n
ary p

arts



42 d
riv

e
 s

h
a
fts

 H
o

u
sin

g

In
 ad

d
itio

n
 to

 th
e vib

ratio
n

s o
f th

e 
en

g
in

e/g
earb

o
x u

n
it, th

e trip
le ro

ller
jo

in
ts h

ave to
 eq

u
alise w

h
eel b

u
m

p
 an

d
 

reb
o

u
n

d
.

T
h

e jo
in

t h
o

u
sin

g
 rem

ain
s statio

n
ary in

 th
e

p
ro

cess.

T
h

e d
rive sh

aft is m
o

ved
 aw

ay fro
m

 th
e

g
earb

o
x b

y th
e reb

o
u

n
d

 actio
n

 o
f th

e w
h

eels. 
A

t th
e sam

e tim
e, th

e ro
llers are d

isp
laced

 in
 

o
n

ly o
n

e p
lan

e w
ith

in
 th

eir races, th
ereb

y 
red

u
cin

g
 frictio

n
 an

d
 n

o
ise tran

sm
issio

n
 

to
 th

e b
o

d
y.

S
S

P
 192/044

S
S

P
 192/046

S
S

P
 192/045



43

T
h

e fo
llo

w
in

g
 p

ag
es d

escrib
e th

e d
esig

n
 m

o
d

ifi
catio

n
s to

 th
e axles o

f th
e P

assat ‘97 as p
resen

ted
 

to
 yo

u
 in

 S
elf S

tu
d

y P
ro

g
ram

m
e S

S
P

 191.

R
u

n
n

in
g

 G
e

a
r

T
o

rs
io

n
 b

e
a
m

 re
a
r a

x
le

T
h

e an
ti-ro

ll b
ar u

sed
 in

 th
e n

ew
 to

rsio
n

 b
eam

 
rear axle is lo

cated
 in

 fro
n

t o
f th

e axis o
f 

ro
tatio

n
. T

h
e rear axle m

o
u

n
tin

g
s are lo

cated
 

o
n

 th
e far o

u
ter sid

e o
f th

e axle. T
h

is co
n

si-
d

erab
ly red

u
ces th

e fo
rces actin

g
 o

n
 th

e rear 
axle m

o
u

n
tin

g
s. 

T
h

e m
o

u
n

tin
g

 h
o

u
sin

g
 is m

ad
e o

f alu
m

in
iu

m
 

an
d

 b
o

lted
 to

 th
e trailin

g
 arm

s.

W
h

en
 d

esig
n

in
g

 th
e rear axle, co

m
fo

rt w
as a 

m
ajo

r co
n

sid
eratio

n
. T

h
e rear axle m

o
u

n
tin

g
s 

an
d

 th
e larg

e ru
b

b
er b

ases o
f th

e co
il sp

rin
g

s 
m

in
im

ise n
o

ise tran
sm

issio
n

 fro
m

 th
e axle to

 
th

e b
o

d
y.

A
n

ti-ro
ll b

ar
R

ear axle m
o

u
n

tin
g

R
u

b
b

er b
ase

S
S

P
 192/100

O
n

 axles w
h

ere th
e rear axle m

o
u

n
tin

g
 is 

lo
cated

 o
n

 th
e in

sid
e, th

e m
o

u
n

tin
g

s h
ave

to
 ab

so
rb

 larg
e fo

rces w
h

en
 co

rn
erin

g
.

Lo
catin

g
 th

e rear axle m
o

u
n

tin
g

s o
n

 th
e o

u
t-

sid
e m

akes th
e lever arm

s sh
o

rter, w
ith

 th
e 

resu
lt th

at th
e m

o
u

n
tin

g
s o

n
ly ab

so
rb

 sm
aller 

fo
rces. T

h
ey can

 th
erefo

re b
e d

esig
n

ed
 w

ith
 a 

so
fter ratin

g
.

S
S

P
 192/112

S
S

P
 192/111

Trailin
g

 arm
r

A
xis o

f ro
tatio

n

Lo
n

g
 lever arm

S
h

o
rt lever arm

R
ear axle m

o
u

n
tin

g



44 C
o

n
ven

tio
n

al rear axles h
ave a V

 sectio
n

 w
h

ich
 

is o
p

en
 facin

g
 fo

rw
ard

. In
 th

is co
n

fi
g

u
ratio

n
, th

e 
sh

ear cen
tre o

f th
e axle is lo

cated
 b

eh
in

d
 th

e V
 

sectio
n

.
T

h
e cen

tre o
f ro

tatio
n

 is an
 im

ag
in

ary axis ab
o

u
t 

w
h

ich
 th

e axle ro
tates w

h
en

 th
e su

sp
en

sio
n

 
exp

erien
ces a b

u
m

p
 o

n
 o

n
e sid

e.
If th

e sh
ear cen

tre is b
eh

in
d

 th
e V

 sectio
n

, th
en

d
iag

o
n

ally alig
n

ed
 track-co

rrectin
g

 m
o

u
n

tin
g

s 
h

ave to
 b

e u
sed

 to
 ach

ieve a self-steerin
g

 effect.

T
h

e n
ew

 to
rsio

n
 b

eam
 rear axle h

as a V
sectio

n
 w

h
ich

 is o
p

en
 d

o
w

n
w

ard
s. T

h
e sh

ear 
cen

tre is lo
cated

 ab
o

ve th
e V

 sectio
n

. 
T

h
e axle h

as d
ifferen

t ro
tatio

n
al ch

aracteristics 
as a resu

lt.

S
S

P
 192/116

S
S

P
 192/114 S

S
P

 192/117

S
h

ear cen
tre

C
en

tre o
f ro

tatio
n

R
u

n
n

in
g

 G
e

a
r

W
h

en
 co

rn
erin

g
, th

e in
sid

e an
d

 o
u

tsid
e co

rn
erin

g
 

w
h

eels g
o

 th
ro

u
g

h
 reb

o
u

n
d

 an
d

 b
u

m
p

 resp
ec-

tively, b
ecau

se th
e car b

o
d

y tilts to
 th

e o
u

tsid
e.

T
h

e axle is tw
isted

 in
 itself. T

h
e b

u
m

p
ed

 w
h

eel 
ad

o
p

ts th
e to

e-in
 p

o
sitio

n
, w

h
ile th

e reb
o

u
n

d
 

w
h

eel ad
o

p
ts th

e to
e-o

u
t p

o
sitio

n
.

V
 s

e
c
tio

n
 o

f to
rs

io
n

 b
e
a
m

 re
a
r a

x
le

To
e-o

u
t

To
e-in

S
S

P
 192/134

S
S

P
 192/118

V
 sectio

n
 o

f rear axle is tw
isted

 
w

h
en

 co
rn

erin
g

.
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H
u

b
/w

h
e
e
l b

e
a
rin

g
 u

n
it

T
h

e n
ew

ly d
evelo

p
ed

 w
h

eel b
earin

g
 g

en
eratio

n
 

is u
sed

 o
n

 th
e rear axle o

f fro
n

t-w
h

eel-d
rive 

veh
icles. T

h
e tw

in
-tracked

 b
all b

earin
g

 h
as a 

statio
n

ary o
u

ter race w
h

ich
 is b

o
lted

 to
 th

e rear 
axle m

o
u

n
tin

g
 p

late. 

T
h

e b
earin

g
 in

n
er race serves as th

e carrier fo
r 

th
e b

rake d
isc an

d
 w

h
eel. T

h
is d

esig
n

 elim
in

ates 
th

e n
eed

 fo
r an

 axle p
ivo

t.
T

h
e A

B
S

 sp
eed

 sen
so

r is in
serted

 in
to

 th
e w

h
eel 

b
earin

g
 an

d
 secu

red
 w

ith
 a clip

 to
 p

reven
t it 

fro
m

 fallin
g

 o
u

t.

T
h

e ad
van

tag
es o

f th
e n

ew
 w

h
eel b

earin
g

 
g

en
eratio

n
 are as fo

llo
w

s:

l
M

in
im

al w
ear d

u
e to

 im
p

ro
ved

 sealin
g

.
l

T
h

e ro
to

r is p
ro

tected
 b

y th
e in

serted
sp

eed
 sen

so
r an

d
 can

n
o

t b
e d

am
ag

ed
 b

y
extern

al in
fl

u
en

ces.
l

T
h

e w
h

eel b
earin

g
 d

o
es n

o
t h

ave to
 b

e
ad

ju
sted

 an
y lo

n
g

er b
ecau

se th
e b

earin
g

p
relo

ad
 is p

red
eterm

in
ed

 b
y its d

esig
n

.

S
p

eed
 sen

so
rIn

n
er race

O
u

ter race
S

p
eed

 sen
so

r ro
to

r

S
S

P
 192/057



46 R
u

n
n

in
g

 G
e

a
r

D
o

u
b

le
 w

is
h

b
o

n
e
 re

a
r a

x
le

T
h

e n
ew

ly d
evelo

p
ed

 d
o

u
b

le w
ish

b
o

n
e rear 

axle allo
w

s th
e sam

e th
ro

u
g

h
-lo

ad
in

g
 w

id
th

 as 
th

e to
rsio

n
 b

eam
 rear axle. It h

as an
 en

clo
sed

 
su

b
fram

e to
 w

h
ich

 th
e tran

sverse lin
ks are 

attach
ed

.

T
h

e su
b

fram
e is co

n
n

ected
 to

 th
e b

o
d

y b
y fo

u
r 

larg
e b

o
n

d
ed

 ru
b

b
er m

o
u

n
tin

g
s.

S
in

g
le-tu

b
e g

as-fi
lled

 sh
o

ck ab
so

rb
ers are 

u
sed

 o
n

 th
e d

o
u

b
le w

ish
b

o
n

e rear axle. T
h

eir 
d

iam
eter is sm

aller th
an

 th
at o

f tw
in

-tu
b

e 
sh

o
ck ab

so
rb

ers.
T

h
e lo

w
-lyin

g
 p

o
sitio

n
 o

f th
e u

p
p

er w
ish

b
o

n
e 

an
d

 th
e sm

aller sh
o

ck ab
so

rb
er d

iam
eter

p
erm

it a lo
w

er lo
ad

in
g

 p
latfo

rm
 an

d
 a 

larg
er th

ro
u

g
h

-lo
ad

in
g

 w
id

th
.

B
o

n
d

ed
 ru

b
b

er m
o

u
n

tin
g

E
n

clo
sed

 su
b

fram
e

U
p

p
er w

ish
b

o
n

e

Lo
w

erw
ish

b
o

n
ek

S
S

P
 192/098

S
S

P
 192/099
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T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

1
.

H
o

w
 is

 th
e
 h

ig
h

 tra
n

s
v
e
rs

e
 rig

id
ity

 o
f th

e
 to

rs
io

n
 b

e
a
m

 re
a
r a

x
le

 a
c
h

ie
v
e
d

?

a)b
)

2
.

T
h

e
 V

 s
e
c
tio

n
 o

f th
e
 n

e
w

 to
rs

io
n

 b
e
a
m

 re
a
r a

x
le

 is
 o

p
e
n

 
.

3
. 

T
h

e
 a

d
v
a
n

ta
g

e
s
 o

f th
e
 n

e
w

 w
h

e
e
l b

e
a
rin

g
 g

e
n

e
ra

tio
n

 a
re

 a
s
 fo

llo
w

s
:

a) 
M

in
im

al w
ear,

b
) 

T
h

e A
B

S
 sp

eed
 sen

so
r ro

to
r is p

ro
tected

,

c) 
It is self-ad

ju
stin

g
,

d
) 

It h
as to

 b
e ad

ju
sted

 u
sin

g
 a h

exag
o

n
 n

u
t.

4
. 

O
n

 th
e
 d

o
u

b
le

 w
is

h
b

o
n

e
 re

a
r a

x
le

, th
e
 u

p
p

e
r w

is
h

b
o

n
e
 is

 lo
c
a
te

d

th
e
 w

h
e
e
l. A

s
 a

 re
s
u

lt o
f th

is
,

is

a
c
h

ie
v
e
d

.



48 A
B

S
/E

D
L

S
y
s
te

m
 o

v
e
rv

ie
w

T
h

e an
ti-lo

ck b
rakin

g
 system

 is a 4-ch
an

n
el system

. T
h

is m
ean

s th
at tw

o
 valves are assig

n
ed

 to
 

each
 w

h
eel (in

let an
d

 o
u

tlet valves).
T

h
e h

yd
rau

lic u
n

it an
d

 th
e A

B
S

 co
n

tro
l u

n
it are co

m
b

in
ed

 in
 a sin

g
le m

o
d

u
le an

d
 can

 o
n

ly b
e 

ren
ew

ed
 as o

n
e u

n
it.

A
 S

elf S
tu

d
y P

ro
g

ram
m

e relatin
g

 to
 th

e A
B

S
 5.3 system

 is in
 p

rep
aratio

n
.

B
rakin

g
 system

 
w

arn
in

g
 lam

p

A
B

S
 recircu

latin
g

 
p

u
m

p
 V

39

H
yd

rau
lic u

n
it w

ith
 

so
len

o
id

 valves
N

99-102/ N
133-136

N
166-168

A
B

S
 w

arn
in

g
 lam

p

A
d

d
itio

n
al sig

n
als

D
iag

n
o

stic co
n

n
ectio

n

A
c
tu

a
to

rs

B
rake lig

h
t 

sw
itch

F Fro
n

t left + rig
h

t 
sp

eed
 sen

so
r

G
45/G

47

R
ear left + rig

h
t 

sp
eed

 sen
so

r
G

44/46

A
d

d
itio

n
al sig

n
als,

e.g
. tim

e sig
n

al

S
e
n

s
o

rs
A

B
S

/E
D

L co
n

tro
l u

n
it 

J104

S
S

P
 192/062
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A
B

S
/E

D
L
 h

y
d

ra
u

lic
 u

n
it

R
ecircu

latin
g

 p
u

m
p

F
e
a
tu

re
s
 o

f h
y
d

ra
u

lic
 u

n
it:

-
O

n
e-p

iece cast iro
n

 h
o

u
sin

g
.

-
A

B
S

/E
D

L so
len

o
id

 valves each
 w

ith
 tw

o
 h

yd
rau

lic co
n

n
ectio

n
s an

d
 o

p
eratin

g
 p

o
sitio

n
s.

-
N

o
ise-o

p
tim

ised
 recircu

latin
g

 p
u

m
p

,
-

A
ccu

m
u

lato
r size fo

r each
 b

rake circu
it: ap

p
ro

x. 3 cm
3,

-
Tw

o
 d

iap
h

rag
m

 o
u

tlet d
am

p
ers are co

n
n

ected
 u

p
stream

 o
f th

e E
D

L h
yd

rau
lic b

lo
cks.

T
h

ey h
elp

 im
p

ro
ve th

e lo
w

-tem
p

eratu
re p

erfo
rm

an
ce o

f th
e E

D
L co

n
tro

l system
.

D
iap

h
rag

m
 o

u
tlet d

am
-

p
er

S
S

P
 192/063 Fro

n
t rig

h
t b

rake calip
er

H
yd

rau
lic b

lo
ck

B
rake m

aster cylin
d

er
S

eco
n

d
ary p

isto
n

 
circu

it

Fro
n

t left b
rake calip

er

B
rake m

aster cylin
d

er
P

rim
ary p

isto
n

 circu
it

R
ear left b

rake calip
er

R
ear rig

h
t b

rake calip
er

 C
o

n
n

e
c
tio

n
 fo

r:



50 A
B

S
/E

D
L

A
B

S
/E

D
L co

n
tro

l u
n

it J104

F
e
a
tu

re
s
 o

f c
o

n
tro

l u
n

it:

-
R

ed
u

n
d

an
t co

m
p

u
ter co

n
cep

t w
ith

 
sep

arate w
atch

d
o

g
,

-
S

elf-d
iag

n
o

sis cap
ab

ility,
-

26-p
in

 co
n

n
ecto

r co
n

tact.

R
e
d

u
n

d
a
n

t c
o

m
p

u
te

r c
o

n
c
e
p

t

In
 th

is case, red
u

n
d

an
t stan

d
s fo

r a co
m

p
u

ter 
co

n
cep

t w
ith

 several b
acku

p
s.

In
 th

e co
n

tro
l u

n
it th

ere are tw
o

 co
m

p
u

ters 
w

h
ich

 w
o

rk w
ith

 th
e sam

e p
ro

g
ram

in
d

ep
en

d
en

tly an
d

 ch
eck o

n
e an

o
th

er. 
T

h
e tw

o
 co

m
p

u
ters are, in

 tu
rn

, m
o

n
ito

red
 b

y 
a th

ird
 co

m
p

u
ter w

h
ich

 assu
m

es th
e task o

f 
co

n
tro

llin
g

 th
e so

len
o

id
 valve relays.

T
h

is th
ird

 co
m

p
u

ter is kn
o

w
n

 as th
e w

atch
d

o
g

.
If it d

etects a fau
lt, it sto

res th
e fau

lt m
essag

e 
in

 a read
-o

n
ly m

em
o

ry an
d

 can
 b

e read
 o

u
t 

d
u

rin
g

 th
e self-d

iag
n

o
sis. T

h
e fau

lt is in
d

icated
 

b
y th

e A
B

S
 w

arn
in

g
 lam

p
. S
S

P
 192/064

A
B

S
/E

D
L
 c

o
n

tro
l u

n
it
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A
B

S
 s

p
e
e
d

 s
e
n

s
o

r 

F
e
a
tu

re
s
 o

f s
p

e
e
d

 s
e
n

s
o

r:

-
It is in

serted
 in

to
 th

e w
h

eel b
earin

g
 an

d
 is 

th
u

s p
ro

tected
 ag

ain
st extern

al 
in

fl
u

en
ces.

-
It g

en
erates sig

n
als co

n
tactlessly.

S
ig

n
a
l u

tilis
a
tio

n

T
h

e sig
n

al su
p

p
lied

 b
y th

e A
B

S
 sp

eed
 sen

so
r 

is u
sed

 to
 co

n
tro

l th
e an

ti-lo
ck b

rakin
g

 system
.

T
h

e n
avig

atio
n

 system
 calcu

lates th
e d

istan
ce 

travelled
 fro

m
 th

is sig
n

al.

E
ffe

c
t o

f s
ig

n
a
l fa

ilu
re

-
T

h
e A

B
S

 system
 is sw

itch
ed

 o
ff an

d
 th

e 
A

B
S

 w
arn

in
g

 lam
p

 co
m

es o
n

.
-

T
h

e n
avig

atio
n

 system
 is d

e-en
erg

ised
.

-
T

h
e b

rake w
arn

in
g

 lam
p

 co
m

es o
n

.

T
h

is
 is

 h
o

w
 it w

o
rk

s
:

T
h

e ro
to

r is in
teg

rated
 an

d
 th

e sp
eed

 sen
so

r 
in

serted
 in

 th
e w

h
eel b

earin
g

.
T

h
e sp

eed
 sen

so
r co

m
p

rises a p
erm

an
en

t 
m

ag
n

et w
ith

 tw
o

 p
o

le p
lates. A

 co
il is w

o
u

n
d

 
aro

u
n

d
 th

e p
o

le p
latesan

d
 th

e p
erm

an
en

t 
m

ag
n

et.
W

h
en

 th
e w

h
eel m

o
ves, th

e ro
to

r ro
tates 

ab
o

u
t th

e sp
eed

 sen
so

r. In
 th

e p
ro

cess, it cu
ts 

th
e fi

eld
 lin

es o
f th

e p
o

le p
lates, th

u
s in

d
u

cin
g

 
a vo

ltag
e in

 th
e co

il. T
h

is vo
ltag

e serves as th
e 

sig
n

al fo
r th

e A
B

S
 co

n
tro

l u
n

it an
d

 th
e 

n
avig

atio
n

 system
.

R
o

to
r

P
erm

an
en

t
m

ag
n

et

C
o

il

S
S

P
 192/057S

S
P

 192/132

 S
p

eed
 sen

so
r ro

to
r

S
p

eed
 sen

so
r

P
o

le p
late

P
o

le p
late



52 A
B

S
/E

D
L

F
u

n
c
tio

n
 d

ia
g

ra
m

3015X31

G
44

S
S

N
99

N
100

N
101

J105
V

39
J106

15

3
1

17
18

16

IN
O

U
T

C
o

m
p

o
n

e
n

ts

F
B

rake lig
h

t sw
itch

G
44

R
ear rig

h
t sp

eed
 sen

so
r 4

G
45

Fro
n

t rig
h

t sp
eed

 sen
so

r 2
G

46
R

ear left sp
eed

 sen
so

r 3
G

47
Fro

n
t left sp

eed
 sen

so
r 1

J104 
 C

o
n

tro
l u

n
it fo

r A
B

S
 w

ith
 E

D
L

J105
 A

B
S

 recircu
latin

g
 p

u
m

p
 relay 

J106
 S

o
len

o
id

 valve relay
J220

 C
o

n
tro

l u
n

it fo
r M

o
tro

n
ic

J285
 C

o
n

tro
l u

n
it w

ith
 d

isp
lay u

n
it 

 in
 d

ash
 p

an
el in

sert
J401

 C
o

n
tro

l u
n

it fo
r n

avig
atio

n
 system

 w
ith

 C
D

-R
O

M
 d

rive

K
 47

A
B

S
 w

arn
in

g
 lam

p

N
99

Fro
n

t rig
h

t A
B

S
 in

let valve
N

100
Fro

n
t rig

h
t A

B
S

 o
u

tlet valve
N

101
Fro

n
t left A

B
S

 in
let valve 

N
102 

Fro
n

t left A
B

S
 o

u
tlet valve 

N
133

R
ear rig

h
t A

B
S

 in
let valve

N
134

R
ear left A

B
S

 in
let valve

N
135 

R
ear rig

h
t A

B
S

 o
u

tlet valve 
N

136 
R

ear left A
B

S
 o

u
tlet valve 

N
166

Fro
n

t rig
h

t E
D

L sw
itch

o
ver valve

N
167

Fro
n

t rig
h

t E
D

L o
u

tlet valve
N

167
Fro

n
t left E

D
L sw

itch
o

ver valve
N

168
Fro

n
t left E

D
L o

u
tlet valve

S
Fu

se

V
39

A
B

S
 recircu

latin
g

 p
u

m
p

C
o

lo
u

r c
o

d
e

In
p

u
t sig

n
al

O
u

tp
u

t sig
n

al

P
o

sitive

E
arth
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45
G

46
G

47

3015X31

J401
F

K
47

J220
J285

J104

N
102

N
133

N
134

N
135

N
136

N
166

N
167

N
168

N
169

5
4

9
8

7
6

19
23

24
13

21
10

14
11

S
S

P
 192/087



54 T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

1
. H

o
w

 d
o

 y
o

u
 d

is
tin

g
u

is
h

 th
e
 A

B
S

/E
D

L
 h

y
d

ra
u

lic
 u

n
it fro

m
 a

n
 A

B
S

 h
y
d

ra
u

lic
 u

n
it?

a) 
B

y th
e d

iap
h

rag
m

 o
u

tlet d
am

p
er,

b
) 

B
y th

e co
lo

u
r o

f th
e co

n
tro

l u
n

it,

c)
B

y th
e th

read
ed

 h
o

les fo
r th

e m
aster b

rake cylin
d

er.

2
. W

h
e
re

 is
 th

e
 ro

to
r fo

r th
e
 s

p
e
e
d

 s
e
n

s
o

r o
f th

e
 to

rs
io

n
 b

e
a
m

 re
a
r a

x
le

 lo
c
a
te

d
?

3
. N

a
m

e
 th

e
 c

o
m

p
o

n
e
n

ts
 in

 th
is

 s
y
s
te

m
 o

v
e
rv

ie
w

.

a)

b
)

c)d
)

e)f)g
)

h
)

k)
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E
le

c
tric

s

G
a
s
 d

is
c
h

a
rg

e
 la

m
p

In
 th

e case o
f g

as d
isch

arg
e lam

p
s, lig

h
t is 

g
en

erated
 b

y an
 electric arc b

etw
een

 tw
o

electro
d

es in
 a p

ea-sized
 g

as-fi
lled

 g
lass tu

b
e. 

T
h

e lam
p

 em
its lig

h
t w

ith
 h

ig
h

 g
reen

 an
d

 b
lu

e 

co
m

p
o

n
en

ts d
u

e to
 th

e co
m

p
o

sitio
n

 o
f th

e g
as 

in
 th

e lam
p

 tu
b

e. 
T

h
is is th

e extern
al d

istin
g

u
ish

in
g

 featu
re o

f 
g

as d
isch

arg
e tech

n
o

lo
g

y.
T

h
e ad

van
tag

es o
f th

is n
ew

 h
ead

lig
h

t g
en

era-
tio

n
 o

ver co
n

ven
tio

n
al lam

p
 tech

n
o

lo
g

y are as 
fo

llo
w

s:

l
U

p
 to

 th
ree tim

es h
ig

h
er lu

m
in

o
u

s effi
cien

cy,
sam

e p
o

w
er co

n
su

m
p

tio
n

.
A

 35W
 g

as d
isch

arg
e lam

p
 is su

ffi
cien

t to
 

p
ro

vid
e tw

ice th
e illu

m
in

atio
n

 o
f a 55W

 lam
p

.
l

T
h

e u
sefu

l life o
f ap

p
ro

x. 2500 h
o

u
rs is several

tim
es th

at o
f th

e h
alo

g
en

 lam
p

.

l
T

h
e sp

ecial d
esig

n
 o

f th
e refl

ecto
r, ap

ertu
re

an
d

 len
s p

ro
vid

es a m
u

ch
 lo

n
g

er ran
g

e
an

d
 a w

id
er n

ear-fi
eld

 scatter zo
n

e. T
h

is
illu

m
in

ates th
e ro

ad
sid

e b
etter, th

u
s

red
u

cin
g

 d
river eye fatig

u
e.

l
Fo

g
 lig

h
ts are n

o
t n

eed
ed

 d
u

e to
 th

e
w

id
e n

ear-fi
eld

 b
eam

.

E
lectro

d
e

S
S

P
 192/121

E
lectro

d
e

E
lectric arc

G
lass tu

b
ew

ith
g

as fi
llin

g



56 E
le

c
tric

s

A
 g

as d
isch

arg
e h

ead
lig

h
t co

m
p

rises:
l

h
ead

lig
h

t h
o

u
sin

g
,

l
g

as d
isch

arg
e lam

p
 b

allast J426/J427
an

d
l

h
ead

lig
h

t ran
g

e co
n

tro
l actu

ato
r V

48/V
49.

T
h

e g
as d

isch
arg

e lam
p

 req
u

ires a h
ig

h
-vo

ltag
e 

p
u

lse o
f several th

o
u

san
d

 vo
lts to

 ig
n

ite th
e elec-

tric arc. T
h

e vo
ltag

e is p
ro

d
u

ced
 in

 th
e b

allast.

A
fter ig

n
itio

n
, an

 in
creased

 electric cu
rren

t is
ap

p
lied

 to
 th

e g
as d

isch
arg

e lam
p

 fo
r ap

p
ro

x. 3 
seco

n
d

s. A
s a resu

lt, th
e lam

p
 ach

ieves its m
axi-

m
u

m
 b

rig
h

tn
ess w

ith
 a m

in
im

u
m

 d
elay o

f 0.3 
seco

n
d

s.

T
h

is slig
h

t d
elay is also

 th
e reaso

n
 w

h
y th

e m
ain

 
h

ead
lig

h
t is still eq

u
ip

p
ed

 w
ith

 a h
alo

g
en

 lam
p

 
w

h
ich

 is co
n

n
ected

 to
 th

e h
ead

lig
h

t as req
u

ired
.

O
n

ce th
e g

as d
isch

arg
e lam

p
 h

as reach
ed

 its 
n

o
m

in
al b

rig
h

tn
ess, th

e b
allast reg

u
lates th

e lam
p

 
p

o
w

er o
u

tp
u

t tio
 th

e lam
p

.

B
allast

E
lectrical co

n
n

ectio
n

H
ead

lig
h

t ran
g

e co
n

tro
l actu

ato
r

G
a
s
 d

is
c
h

a
rg

e
 h

e
a
d

lig
h

t

S
S

P
 192/078

G
as d

isch
arg

e lam
pS

S
P

 192/122

A
 rep

air so
lu

tio
n

 is availab
le fo

r th
e h

ead
lig

h
t h

o
u

sin
g

. 
D

u
rin

g
 m

in
o

r accid
en

ts, th
e secu

rin
g

 p
in

 o
n

 th
e h

ead
lig

h
t h

o
u

sin
g

 can
 sh

ear o
ff. W

ith
 reg

ard
 to

 
th

e g
as d

isch
arg

e h
ead

lig
h

t, th
is m

ay resu
lt in

 d
isp

ro
p

o
rtio

n
ately h

ig
h

 rep
air co

sts. 
O

u
r rep

air so
lu

tio
n

, w
h

ich
 in

vo
lves ren

ew
in

g
 th

e secu
rin

g
 p

in
 an

d
 eccen

tric, allo
w

s all h
ead

lig
h

t 
h

o
u

sin
g

s to
 b

e ren
ew

ed
 in

exp
en

sively.
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A
u

to
m

a
tic

 h
e
a
d

lig
h

t ra
n

g
e
 c

o
n

tro
l

To
 p

reven
t d

azzlin
g

 o
n

co
m

in
g

 traffi
c, th

e g
as 

d
isch

arg
e h

ead
lig

h
ts h

ave to
 b

e eq
u

ip
p

ed
 w

ith
 

an
 au

to
m

atic h
ead

lig
h

t ran
g

e co
n

tro
l. 

T
h

e co
n

tro
l u

n
it fo

r au
to

m
atic h

ead
lig

h
t ran

g
e 

co
n

tro
l d

eterm
in

es th
e car’s lo

ad
 co

n
d

itio
n

 b
y 

tw
o

 sen
so

rs lo
cated

 o
n

 th
e fro

n
t an

d
 rear axles 

o
n

 th
e left o

f th
e car. It co

n
tin

u
o

u
sly ad

ju
sts 

th
e h

ead
lig

h
t via th

e actu
ato

r to
 en

su
re th

at 
th

e ro
ad

 is alw
ays illu

m
in

ated
 o

p
tim

ally. 
M

an
u

al ad
ju

stm
en

t is n
o

 lo
n

g
er p

ro
vid

ed
.

H
e
a
d

lig
h

t p
o

s
itio

n
 u

n
d

e
r

n
o

rm
a
l lo

a
d

H
e
a
d

lig
h

t p
o

s
itio

n
 u

n
d

e
r h

e
a
v
y
 lo

a
d

S
S

P
 192/051

S
S

P
 192/052

H
ead

lig
h

t ran
g

e co
n

-
tro

l actu
ato

r

S
en

so
r

S
en

so
r

C
o

n
tro

l u
n

it fo
r 

h
ead

lig
h

t ran
g

e co
n

tro
l



58 E
le

c
tric

s

E
m

e
rg

e
n

c
y
 o

p
e
ra

tio
n

:

If an
 electrical fau

lt o
ccu

rs in
 th

e au
to

m
atic h

ead
-

lig
h

t ran
g

e co
n

tro
l, th

e h
ead

lig
h

t ran
g

e co
n

tro
l 

actu
ato

r au
to

m
atically sets th

e h
ead

lig
h

t to
 its 

lo
w

est p
o

sitio
n

. T
h

e d
river is alerted

 to
 th

e
m

alfu
n

ctio
n

.

S
e
lf-d

ia
g

n
o

s
is

:

T
h

e self-d
iag

n
o

sis is started
 u

sin
g

 ad
d

ress w
o

rd
 

”55”.

T
h

e h
ig

h
 vo

ltag
e ap

p
lied

 to
 th

e g
as d

isch
arg

e lam
p

s can
 en

d
an

g
er life. 

W
h

en
 carryin

g
 o

u
t rep

airs, th
e h

ead
lig

h
t m

u
st alw

ays b
e d

isco
n

n
ected

 fro
m

 th
e p

o
w

er 
su

p
p

ly.

S
S

P
 192/102

H
e
a
d

lig
h

t p
o

s
itio

n
 in

 e
m

e
rg

e
n

c
y
 o

p
e
ra

tio
n
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T
e
s
t y

o
u

r k
n

o
w

le
d

g
e

1
. 

In
 th

e
 c

a
s
e
 o

f g
a
s
 d

is
c
h

a
rg

e
 la

m
p

s
, lig

h
t is

 p
ro

d
u

c
e
d

 b
y
 

b
e
tw

e
e
n

 tw
o

 in
 a

 g
a
s
-fi

lle
d

 g
la

s
s
 tu

b
e
.

2
. 

T
h

e
 lu

m
in

o
u

s
 e

ffi
c
ie

n
c
y
 w

ith
 th

e
 s

a
m

e
 p

o
w

e
r c

o
n

s
u

m
p

tio
n

 is
:

a)
ap

p
ro

x. ten
 tim

es h
ig

h
er,

b
) 

ap
p

ro
x. fi

ve tim
es h

ig
h

er,

c) 
ap

p
ro

x. th
ree tim

es h
ig

h
er.

3
. 

A
 g

a
s
 d

is
c
h

a
rg

e
 h

e
a
d

lig
h

t c
o

m
p

ris
e
s
:

4
. 

T
h

e
 v

o
lta

g
e
 a

p
p

lie
d

 to
 th

e
 g

a
s
 d

is
c
h

a
rg

e
 la

m
p

 is
:

a) 
very lo

w
 an

d
 th

erefo
re ab

so
lu

tely safe,

b
) 

d
an

g
ero

u
s w

h
en

 p
erfo

rm
in

g
 w

o
rk w

ith
 w

et o
r m

o
ist fi

n
g

ers,

c) 
a h

ig
h

 vo
ltag

e an
d

 can
 en

d
an

g
er life if h

an
d

led
 im

p
ro

p
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T
h

e P
assat h

as an
 im
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ro

ved
 air-co

n
d
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n
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u
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o
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res an
d

 in
n
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n
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in

g
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ig
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 p
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u
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R
e
s
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to
r

T
h

e 
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m
p

ressed
 

refrig
eran
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exp
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d
ed

 
an

d
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m
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 th
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o
ls d

o
w

n
 rap
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 th

e p
ro
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v
a
p
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h
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o
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o
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e p
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e p
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g
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rb
s th
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e p
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g
 o

u
tsid

e air 
co

o
ls th

e h
o

t g
aseo

u
s 

refrig
eran

t in
 th

e co
n

-
d

en
ser. T

h
e refrig

eran
t is 

liq
u

efi
ed

 in
 th

e p
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r d
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e p
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h
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o
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m
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n
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 th
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en
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 p

re
s
s
u

re

C
o

ld
 a

ir

H
e
a
t

T
h

e refrig
eran

t in
 th

e evap
o

rato
r ab

so
rb

s h
eat 

an
d

 d
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T
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refrig
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d

 d
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o
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e C
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n
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d
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d
 d
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d
 d
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icles, th

e tem
p

eratu
re 
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in
d
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e co

ver g
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n
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r rig

h
t-h

an
d

 d
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e tem
p

eratu
re 

sen
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n
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h
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g

 th
is 
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u
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o
ld
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e tem

p
eratu

re sen
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r.

T
h

e d
ash

 p
an
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p
eratu

re sen
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r an
d

 
th
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eratu
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 p
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 d
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 p
o

ten
tio

m
eter

Ven
tilatio

n
 fl

ap
 actu

ato
r

V
71

w
ith

 p
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 p
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n

d
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 fre

s
h
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ir re

c
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u
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tio
n

 fl
a
p

T
h

e ven
tilatio

n
 fl

ap
 an

d
 th

e fresh
/air recircu

la-
tio

n
 fl

ap
 are activated

 b
y a co

m
m

o
n

 m
o

to
r. 

T
h

e fl
ap

s are ad
ju

sted
 sep

arately b
y a d

rive 
d

isc w
ith

 tw
o

 g
u

id
e p

ath
s. T

h
e vacu

u
m

 u
n

it 
an

d
 tw

o
-w

ay valve p
revio

u
sly u

sed
 are n

o
 lo

n
-

g
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u
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 th

e fresh
 air m

o
d

e, th
e ven
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n

 fl
ap

 an
d

 
th

e fresh
/air recircu

latio
n

 fl
ap

 are fu
lly o

p
en

 at 
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f b
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w
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h
. Fresh
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o
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n
o

b
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R
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o
d

e
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ig
h
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s, th
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tilatio
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 p
reven
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m

u
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 fresh
 air fro

m
 en

terin
g
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e p

assen
g

er 
co

m
p

artm
en

t. O
p

en
in

g
 an

d
 clo

sin
g

 are 
d

ep
en

d
en

t o
n

 ro
ad

 sp
eed

.
T

h
e p

o
sitio

n
 o

f th
e ven

tilatio
n

 fl
ap

 is also
 

affected
 b

y th
e d

ifferen
ce b

etw
een

 th
e n

o
m

in
al 

an
d

 actu
al tem

p
eratu

re in
 th

e p
assen

g
er co

m
-

p
artm

en
t. If th

e tem
p

eratu
re d
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e, th

e p
o

rt cro
ss-sectio

n
 stays o

p
en

 at 
in

creasin
g
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 th
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e d
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p
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u
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c
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d
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o
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p
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e p
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m
p
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, th
e ven
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n

 fl
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. A
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o

u
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 th

e p
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g
er co

m
p
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en

t th
ro

u
g

h
 a 
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 o

p
en
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 th
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tilatio

n
 fl
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A
n
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n

d
itio

n
er w
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o

u
t a ven
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n
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 is in
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h
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d
 d

rive 
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C
e
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tra
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a
p

A
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w
 o

u
tsid

e tem
p

eratu
res an

d
 w

h
en

 th
e 

en
g

in
e is co

ld
, th

e cen
tral fl

ap
 is fu

lly clo
sed

. 
T

h
is p

reven
ts ice-co

ld
 air fro

m
 b

ein
g

 b
lo

w
n

 
in

to
 th

e p
assen

g
er co

m
p

artm
en

t.

T
h

e cen
tral fl

ap
 co

n
tro

ls th
e air fl

o
w

 to
 th

e cen
-

tral, sid
e, fo

o
tw

ell an
d

 D
E

FR
O

S
T

 air o
u

tlets. Its 
n

ew
 sh

ap
e allo

w
s it to

b
e fu

lly clo
sed

. It is also
 

d
riven

 b
y an

 electric m
o

to
r.

A
s co

o
lan

t tem
p

eratu
re in

creases, th
e fl

ap
 

o
p

en
s an

d
 air reach

es th
e sid

e air o
u

tlets.
T

h
e air d

u
ct lead

in
g

 to
 th

e cen
tral air o

u
tlets is 

still clo
sed

.

If th
e cen

tral fl
ap

 is fu
lly o

p
en

ed
, air is even

ly 
d

istrib
u

ted
 to

 th
e cen

tral an
d

 sid
e air o

u
tlets.
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u
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T
h

e b
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n
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n

it is in
teg

rated
 in

 th
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w
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h
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n
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 b
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 p

e
n
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n

 p
h

o
to

s
e
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h
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n

d
itio

n
in

g
 tem

p
eratu

re co
n

tro
l is affec-

ted
 b

y th
e su

n
sh

in
e p

en
etratio

n
 p

h
o

to
sen

so
r.

It m
easu

res th
e su

n
lig

h
t fallin

g
 d

irectly o
n

 th
e 

car’s o
ccu

p
an

ts.

H
o

w
 it w

o
rk

s
:

T
h

e su
n

lig
h

t im
p

in
g

es o
n

 a p
h

o
to

d
io

d
e th

ro
u

g
h

 a 
fi

lter an
d

 an
 o

p
tical elem

en
t. 

T
h

e fi
lter h

as th
e sam

e effect as su
n

g
lasses an

d
 

p
reven

ts su
b

lig
h

t fro
m

 d
am

ag
in

g
 th

e
p

h
o

to
d

io
d

e.

T
h

e p
h

o
to

d
io

d
e is a lig

h
t-sen

sitive sem
ico

n
d

u
c-

to
r elem

en
t. W

h
en

 it is n
o

t illu
m

in
ated

, o
n

ly a 
sm

all electric cu
rren

t can
 fl

o
w

 th
ro

u
g

h
 th

e d
io

d
e. 

W
h

en
 it is illu

m
in

ated
, th

e electric cu
rren

t
in

creases. T
h

e stro
n

g
er th

e lig
h

t, th
e h

ig
h

er
th

e cu
rren

t. 

To
 th

e co
n

tro
l u

n
it, an

 in
crease in

 electric cu
rren

t 
in

d
icates h

ig
h

er su
n

sh
in

e p
en

etratio
n

.
It reg

u
lates th

e in
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r tem
p

eratu
re acco

rd
in

g
ly.
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o
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d
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d
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O
p
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o
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p
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en

t d
efl
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h
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 th
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p

h
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to
d
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d
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o

o
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 as th
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p
an
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t d
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eat rad
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 p
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d
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p
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en

t d
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p

o
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n
 

o
f d
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o

n
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en
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g
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n
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h
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n
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o
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o
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u
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en
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 an
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p
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o
ard

. B
y d
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t d
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