FIG 11:7 Cleaning and lubricating the piston. Note the
special tool preventing excessive movement of the
piston

new seals and the system filled with fresh fluid. While the
system is dismantled examine all the metal pipelines
carefully and renew any that show signs of corrosion or
have been dented by stones.

11 :3 Flexible hoses

These are fitted between the suspension and frame to
allow the pressure to be transmitted while the suspension
moves. When removing or refitting flexible hoses great
care must be taken not to twist or strain the flexible portion
otherwise the hose will be damaged. The hoses must also
be refitted without twisting them otherwise they will move
the brake caliper, causing the friction pads to rub against
the disc.

A typical hose-to-frame attachment is shown in FIG
11 :4 Before removing or disconnecting a hose either
drain the hydraulic system or seal off the reservoir so that
fluid does not flow out. Hold the hexagons of the hose
with a spanner and then undo the union nut D with
another spanner, making sure that the metal pipe does
not twist with the union nut. Once the union is dis-
connected remove the clip C and free the hose from the
bracket. The other end of the hose can then be unscrewed
from the brake caliper, allowing the flexible portion to
rotate freely.

Refit the hose in the reverse order of removal. Special
tools are made for checking the angle of the bracket to
ensure that the hose will clear the road wheel under all
positions of the suspension and steering.

The flexible hoses should be renewed after a life of
five years, even if they still appear sound.

11 :4 Removing brake calipers

Only if the caliper requires dismantling or complete
removal from the car does the flexible brake hose have
to be disconnected. If the caliper is being removed for
attention to the suspension then the hose should be left
connected, as this will save having to bleed the brake
system after the parts have been reassembled. If the hose
is disconnected then the brake system must be bled after
reassembly.
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The attachments of a front caliper are shown in FIG
in FIG 11 :5. To remove the caliper, extract the pins J and
swing back the clamps K so that the caliper can be re-
moved.

The removal of the rear calipers is similar but it is
necessary to disconnect the handbrake cable. On later
models it will be necessary to unscrew the nut O and free
the guide plate P, shown in FIG 11 : 6, before the cable
can be disconnected by removing the pin Q.

When refitting the caliper use new pins and anti-rattle
rubber tubes. Refit the caliper in the reverse order of
removal, making sure that it is correctly positioned and
that all the parts are clean and free from oil or grease.

11 :5 Renewing friction pads

The pads should be renewed when their total thickness
is less than 5.5mm (.217 inch) and they must be renewed
before the lining is so worn that there is metal to metal
contact. Pads must not be renewed individually,
but always in axle sets. Do not intermix brands or
different grades of lining material.

Removethe caliper asdescribed in the previous section,
without disconnecting the flexible hose. Remove only
one caliper at a time and make sure that the brake
pedal is not pressed with the caliper free. Remove
the old brake pads.

Use a blunt-nosed tool to carefully prise out and
remove the dust seal from around the piston. Pour a little
methylated spirits over the end of the piston to wash away
dirt and allow it to air dry. Fit the tool Fre.12A, as shown
in FIG 11 : 7, to prevent the piston from coming out too
far and gently press on the brake pedal so that the piston
comes out by approximately 3mm (3 inch). Use a paint
brush and methylated spints to wash away any dirt
remaining and when the parts are dry grease the piston
all round the circumference, using the brush to apply the
grease as shown in the figure. Tighten the screw on the
special tool so that the piston is pressed fully back into
the cylinder. During this operation check the level
of the fluid in the master cylinder reservoir and
syphon out any excess to prevent it overflowing.
Fit the new brake pads and refit the brake caliper before
starting work on the other brake calipers.

On the front brakes the pads may be fitted with flanges
at the ends, to prevent excessive wear and bruising when
the pads make contact with the caliper. On the earliest
models no flanges may be fitted while on the latest models
there may be flanges at either end. On the intermediate
stages flanges were fitted to one end only and in such
cases the flanges should be fitted to make contact with
the top of the caliper, as shown in FIG 11 :8.

On the rear brakes lubricate the threads and eye of the
adjuster as well as the pivot point of the lever and contact
point of the spring.

11:6 Servicing a caliper

A sectioned view of the caliper is shown in FIG 11 : 9.
The parts of the automatic adjuster must not be
dismantled, or removed from the piston.

1 Remove the caliper from the car and disconnect the
flexible hose. Take out the brake pads and brush away
all loose dust and dirt. If need be wash with methylated
spirits.
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FIG 11:8 The correct method of fitting brake pads
with only one flange

2 Carefully prise out the dust cover 3 using a thin
flexible tool that has no sharp edges. Hold the screw 6
with a screwdriver and unscrew the nut 2 using a 14
mm ring spanner. Gently push out the piston and
adjuster assembly from the bore of the caliper, using
a drift made of soft-metal such as bronze and not
larger than 7mm (3% inch) in diameter. If necessary
tap lightly on the end of the drift, using a plastic mallet

_so that the drift acts on the end of the screw 6.

3 Use a thin, flexible tool to remove the O-ring 5 from
its groove in the cylinder bore, taking extreme care
not to score or scratch the surface of the bore.
Unscrew and remove the bleed screw.

4 Wash all the parts in methylated spirits. The only other
solvent that may be used for cleaning is hydraulic
fluid but this will take longer than methylated spirits
to remove dirt. The use of any solvent is dangerous
as some may remain to contaminate and rot the
new seals.

5 Examine the bore of the cylinder for wear, scoring or
any other damage. If the bore is not perfectly smooth
and polished then a complete new caliper must be
fitted. The piston and adjuster assembly must be
renewed if the piston surface shows any signs of
scoring or damage. Discard all the old seals, including
the copper seal 7, and fit new ones on reassembly.

6 Wet the O-ring 5 with a little clean hydraulic fluid and
fitit back into its groove. Use only the fingers and make
sure that the O-ring is fully and squarely seated. Fit a
new copper seal 7 onto the shoulder of the adjuster.
Lubricate around the piston with a little hydraulic
fluid and carefully enter it back into the bore. Take
great care not to cock the piston so that it
jams and damages the bore. Carefully press the
piston down the bore using only thumb pressure,
as shown in FIG 11:10. The piston must not be
tapped or forced to insert it. Use a thin screwdriver
through the hole in the caliper to guide the screw 6
of the adjuster through. The caliper and piston should
be held vertical during this operation.

7 The gap in the snap ring of the adjuster mustbe
in line with the bleed screw otherwise air
inside the piston cannot escape and bleeding
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FIG 11:9 Sectioned view of a brake caliper

Key to Fig 11:9 1 Friction pads 2 Nut 3 Dust seal

6 Adjuster screw 7 Copper seal

FIG 11:11 Aligning the mark on the piston (indicating
the gap in the snap ring of the adjuster) with the bleed
screw
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FIG 11:12 Checking the end clearance of the friction
pads

the brakes will be practically impossible. A mark
A is made on the piston in line with the gap during
manufacture, shown in FIG 11 :11, and this mark may
be electro-etched or a drill point mark. Turn the piston

using a pair of grips as shown in the figure until the -

mark is in line with the bleed screw. Lightly brush
Spargraph grease around the outer circumference of
the piston and press it fully back into position. Hold
the adjusting screw 6 with a screwdriver, to prevent
the piston and adjuster assembly from rotating, and
refit the nut 2 to a torque load of 1.5 kgm (10 Ib ft).

FIG 11:14 Shims for adjusting the caliper bracket on
front wheels
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FIG 11:13 Shims fitted to reduce excessive pad end
clearance

8 The caliper should be tested using air pressure while
immersed in a bath of methylated spirits. Any air leaks
indicate a defect. Prevent the piston from moving out
by using the special tool Fre.12A or a suitable bar of
metal. The test pressure should be progressively
raised and leaks checked for at each test pressure.
Start at .7 kg/sq in (10 Ib/sq in) and increase the
pressure by 5 Ib/sq in at each test until the maximum
pressure of 1.5 kg/sq cm (20 Ib/sq in) is reached.
Because of the equipment required it is best to leave
the testing to an agent but, provided that the parts
have been carefully checked and reassembled, a
calculated risk can be taken and the pressure test
dispensed with. If the test is carried out the lubrication
with Spargraph grease should be left until after the
test.

9 Refit the dust cover 3. Before refitting the caliper
refill it with fresh hydraulic fluid, as this will
make subsequent bleeding easier. Leave the
bleed screw out when filling and tilt the caliper around
to remove as much air as possible. Refit the caliper in
the reverse order of removal, remembering to use a
new copper seal for the union of the flexible hose.

11:7 The brake discs

Because of the design of the hubs and discs it is
impossible to remove the brake discs without removing
the hubs. The removal of the front brake discs is dealt with
in Chapter 9, Section 9: 3, while the removal of the rear
brake discs is dealt with in Chapter 8, Section 8:5.
Before freeing the disc from the hub make alignment
marks so that the parts will be reassembled in their
original positions.

Slight concentric scoring will occur with normal use
and wear but deep scores or radial scores will adversely
affect the braking efficiency. The discs must not be
machined and if they are so scored or distorted as to
affect braking then new discs must be fitted.



If the discs and pads are dirty or lightly contaminated
with oil or grease they should be cleaned with triclorethy-
lene and deposits removed by gentle rubbing with emery-
cloth.

When the brake discs have been refitted they should be
checked for runout. Mount a DTI (Dial Test Indicator) on
the suspension so that the stylus rests vertically on the
outer operating face of the disc. Rotate the hub and disc
through one complete turn and check the runout on the
disc. The runout should not exceed .3mm (.012 inch) ata
giamg_mr of 260mm (9% inch). If the runout is excessive
try rotating the disc in relation to the hub and if this fails
to cure excessive runout then a new disc must be fitted.

11 :8 The caliper bracket

For effective and quiet brake operation it is essential
that the brake pads and caliper are accurately positioned
in relation to the rotating brake disc.

Use feeler gauges to measure the clearance a between
brake pad and caliper bracket, as shown in FIG 11:12.
The clearance should lie between .15 and .30 mm (.006
to .012 inch). If the clearance is excessive then shims can
be fitted as shown at e in FIG 11:13 to reduce the
clearance.

Shims can be fitted between the suspension and brake
to ensure that the disc runs centrally between the caliper.
The shims fitted for the front brakes are shown in FIG
11 :14. Only one shim may be fitted at each position on
the front brakes but it is permissible to use only one shim
per brake so as to correct any tilt and the shims are only
available in .05mm (.020 inch) thickness. The rear
brakes must be shimmed parallel using one shim at each
position, shown in FIG 11 :15. Shims for the rear brakes
are available in three different thicknesses, .05 (.020, 1
(.040), and 1.5 (.059). To check on the shim thicknesses
required, measure with feeler gauges between the disc
and caliper at the points a and b shown in FIG 11:16.
The shims must be adjusted so that the gaps are both
within the correct tolerances of 2.6 +.5mm (.079t0 .118
inch).

It should be noted that if the caliper brackets require
removal then the complete hub assemblies must also be
removed, as for removing brake disc (see Chapters 8
and 9).

FIG 11:15 Shims for adjusting the caliper bracket on
rear wheaels

Swinging links:

These can be checked for position but special gauges
are required so the work should be left to an agent. If the
links are worn or damaged they can be removed by care-
fully drilling out the rivet that secures them. The inner
side of the caliper bracket should then be drilled out to
8+.1+.2mm (.319 t0 .323 inch) as shown at A and the
other side slightly chamfered asshown at Bin FIG11:17.
The swing link is then secured using a new pin and the
pin peened using the special tool No. Fre.17

11:9 The brake pressure distributor

On the earlier models the valve limits the maximum
pressure reached in the rear brake circuit. If the valve is
fitted with a white plug then the pressure is limited to
50 + 8 —0 kg/sq cm (710 to 820 Ib/sq in) but if the valve

FIG 11:16 Checking the shimming for the caliper bracket
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11:4 Removing brake calipers

Only if the caliper requires dismantling or complete removal from the car does
the flexible brake hose have to be disconnected. If the caliper.is being removed
for attention to the suspension then the hose should be left connected, as this
will save having to bleed the brake system after the parts have been
reassembled. If the hose is disconnected then the brake system must be bled
after reassembly.

The attachments of a front caliper are shown in FIG in FIG11: 5. To remove the
caliper, extract the pins J and swing back the clamps K so that the caliper can
be re-moved.

The removal of the rear calipers is similar but it is necessary to disconnect the
handbrake cable. On later models it will be necessary to unscrew the nut O and
free the guide plate P, shown in FIG 11:6, before the cable can be disconnected
by removing the pin Q

When refitting the caliper use new pins and anti-rattle rubber tubes. Refit the
caliper in the reverse order of removal, making sure that it is correctly
positioned and that all the parts are clean and free from oil or grease.
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11:5 Renewing friction pads



The pads should be renewed when their total thickness is less than 5.5 mm
(.217 inch) and they must be renewed before the lining is so worn that there is
metal to metal contact. Pads must not be renewed individually, but always in
axle sets. Do not intermix brands or different grades of lining material.

Remove the caliper as described in the previous section, without disconnecting
the flexible hose. Remove only one caliper at a time and make sure that the
brake pedal is not pressed with the caliper free. Remove the old brake pads.

Use a blunt-nosed tool to carefully prise out and remove the dust seal from
around the piston. Pour a little methylated spirits over the end of the piston to
wash away dirt and allow it to air dry. Fit the tool Fre.12A, as shown in FIG 11:7,
to prevent the piston from coming out too far and gently press.on the brake
pedal so that the piston comes out by approximately 3mm (f inch). Use a paint
brush and methylated spirits to wash away any dirt remaining and when the
parts are dry grease the piston all round the circumference, using the brush to
apply the grease as shown in the figure: Tighten the screw on the special tool
so that the piston is pressed fully back into the cylinder. During this operation
check the level of the fluid in the master cylinder reservoir and syphon out any
excess to prevent it overflowing.

Fit the new brake pads and refit the brake caliper before starting work on the
other brake calipers.

On the front brakes the pads may be fitted with flanges at the ends, to prevent
excessive wear and bruising when the pads make contact with the caliper. On
the earliest models no flanges may be fitted while on the latest models there
may be flanges at either end. On the intermediate stages flanges were fitted to
one end only and in such cases the flanges should be fitted to make contact
with the top of the caliper, as shown in FIG 11: 8.

On the rear brakes lubricate the threads and eye of the adjuster as well as the
pivot point of the lever and contact point of the spring.

11:5 BB/ R D 3Sia

ISy RiE BEDN 5.5 mm (0.217 1V F) KiGICR - e SRBITZRENHDET, £
Jed ZAZVIHEFRLUCEBRLIEMT DRIICKIRT Z2HENH DT, /0y NIEE
AT Z2DTIFRL, RITEEHEY NTIBELTLRESW, SAZVIHMDTZ VR
P L—RERELRVWTLEE L,

Bt gV THRALLEELSIC, 7LFVTIL R—AEZANAS T ICE v U/I—ZED AL
F9, —EIC12DF v VIX\—DHERDODA L. T+ Y/IX—DTU—DRETTL—F R
FILHBHENTWERWT EZERLET, W IL—F Xy REERDODALET,

FRHDAWIEZEAL T, EXNVOREIST AN Y—I)LZBEICZ URITTED S
LET. EXRNVDIRICDEDAY /—LEFE, BFNZHENVRL TERZBRSEXT,



EXRNURHEDICEEHLBWVWESIC, B11:7 IZRT £S5V —IL Fre12A ZED &
F. EXRYDM 3 mm (f 1V F) BEHDZETITL—F RYIIEELIHULET, XAV
NTZS2EXY /—=)LZFERALT. Ho>TWSENZEWRL, @AW S. KR
TEIICTZIEFRLTIY - Z2BGHL. EXNVORBESKICTY - 2R %
o BHRY—ILDORIERHOT, EXRNYRVY VT —CREICHMUREINDESICUE
9, ZDEEFIC, YRY— Y5 — UHF—N\—HADBRED LRI ZFER L. Hihn
BWEKDICRDBREZRWEHUET,

DT L —F Fv UN—DEEZFRKRI ZR0IC. FILWIL—F Ny RZIONHF. 7
L—F F+v UN—ZBORITELXT,

JO0Y K TJL—FTlE. /8y RDF v UNX— (TR U EZICBEDEEYLEN DN
£3IC. Y RDIKICTZTZVIDEDHFIFSNTWREERHDEI, BEHWETILT
F7 7V INBDMIFSNTVWRWEENG D £IH, BRIFDETILTIRAHIC TV
NHZIGENHDET, FHERETIX 7 7V VIRRIRICOARDMAIFShTED, 2Dk
SIHGHRICIF T IV IEF v VN—D LEITEMTSE S ICED [T ZRENHD T (K
11: 8 ZEH),

BEITL—FTIE. ZFIV¥RIY—DRUETA. LIN—DERY N RAIVE, BXUORT
YT DEMRA Y NMTEBRERD E T,

11:6 Servicing a calipe
A sectioned view of the caliper is shown in FIG 11: 9.

The parts of the automatic adjuster must not be dismantled, or removed from
the piston

1 Remove the caliper from the car and disconnect the flexible hose. Take out
the brake pads and brush away all loose dust and dirt. If need be wash with
methylated spirits.

2 Carefully prise out the dust cover 3 using a thin flexible tool that has no sharp
edges. Hold the screw 6 with a screwdriver and unscrew the nut 2 using a 14
mm ring spanner. Gently push out the piston and adjuster assembly from the
bore of the caliper, using a drift made of soft-metal such as bronze and not
larger than 7mm (32 inch) in diameter. If necessary tap lightly on the end of the
drift, using a plastic mallet so that the drift acts on the end of the screw 6.

3 Use a thin, flexible tool to remove the O-ring 5 from its groove in the cylinder
bore, taking extreme care not to score or scratch the surface of the bore.
Unscrew and remove the bleed screw.

4 Wash all the parts in methylated spirits. The only other solvent that may be
used for cleaning is hydraulic fluid but this will take longer than methylated
spirits to remove dirt. The use of any solvent is dangerous as some may remain
to contaminate and rot the new seals.



5 Examine the bore of the cylinder for wear, scoring or any other damage. If the
bore is not perfectly smooth and polished then a complete new caliper must be
fitted. The piston and adjuster assembly must be renewed if the piston surface
shows any signs of scoring or damage. Discard all the old seals, including the
copper seal 7, and fit new ones on reassembly.

6 Wet the O-ring 5 with a little clean hydraulic fluid and fit it back into its
groove. Use only the fingers and make sure that the O-ring is fully and squarely
seated. Fit a new copper seal 7 onto the shoulder of theadjuster.

Lubricate around the piston with a little hydraulic fluid and carefully enter it
back into the bore. Take great care not to cock the piston so that it jams and
damages the bore. Carefully press the piston down the bore using only thumb
pressure, as shown in FIG 11:10. The piston must not be tapped or forced to
insert it. Use a thin screwdriver through the hole in the cliperto guide the screw
6 of the adjuster through. The caliper and piston should be held vertical during
this operation.

7 The gap in the snap ring of the adjuster must be inline with the bleed screw
otherwise air inside the piston cannot escape and bleeding the brakes will be
practically impossible. A mark A is made on the piston in line with the gap
during manufacture, shown in FIG 11:11, and this. mark may be electro-etched or
a drill point mark. Turn the piston using a pair of grips as shown in the figure
until the mark is in line with the bleed screw. Lightly brush Spargraph grease
around the outer circumference of the piston and press it fully back into
position. Hold the adjusting screw 6 with a screwdriver, to prevent the piston
and adjuster assembly from rotating, and refit the nut 2 to a torque load of 1.5
kg m (10 Ib ft).

8 The caliper should be tested using air pressure while immersed in a bath of
methylated spirits. Any air leaks indicate a defect. Prevent the piston from
moving out by-using the special tool Fre. 12A or a suitable bar of metal. The test
pressure should be progressively raised and leaks checked for at each test
pressure.

Start at .7 kg/sq in (10 Ib/sq in) and increase the pressure by 5 Ib/sq in at each
test until the maximum pressure of 1.5 kg/sq cm (20 Ib/sq in) is reached
Because of the equipment required it is best to leave the testing to an agent
but, provided that the parts have been carefully checked and reassembled, a
calculated risk can be taken and the pressure test dispensed with. If the test is
carried out the lubrication with Spargraph grease should be left until after the
test.

9 Refit the dust cover 3. Before refitting the caliper refill it with fresh hydraulic
fluid, as this will make subsequent bleeding easier. Leave the bleed screw out
when filling and tilt the caliper around to remove as much air as possible. Refit



the caliper in the reverse order of removal, remembering to use a new copper
seal for the union of the flexible hose.
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11:7 The brake discs

Because of the design of the hubs and discs it is impossible to remove the
brake discs without removing the hubs. The removal of the front brake discs is
dealt with in Chapter 9, Section 9: 3, while the removal of the rear brake discs is
dealt with in Chapter 8, Section 8:5

Before freeing the disc from the hub make alignment marks so that the parts
will be reassembled in their original positions.

Slight concentric scoring will occur with normal use and wear but deep scores
or radial scores will adversely affect the braking efficiency. The discs must not
be machined and if they are so scored or distorted as to affect braking then
new discs must be fitted.

If the discs and pads are dirty or lightly contaminated with oil or grease they
should be cleaned with triclorethy-lene and deposits removed by gentle
rubbing with emery-cloth.

When the brake discs have been refitted they should be outer operating face of
the disc. Rotate the hub and disc

checked for runout. Mount a DTI (Dial Test Indicator) onthe suspension so that
the stylus rests vertically on the through one complete turn and check the
runout on thedisc. The runout should not exceed.3mm (.012 inch) atadiameter



of 250mm (9 inch). If the runout is excessivetry rotating the disc in relation to
the hub and if this fails to cure excessive runout then a new disc must be fitted.
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11:8 The caliper bracket

For effective and quiet brake operation it is essential that the brake pads and
caliper are accurately positioned in relation to the rotating brake disc.

Use feeler gauges to measure the clearance a between brake pad and caliper
bracket, as shown in FIG 11:12

The clearance should lie between .15 and .30 mm .006 to .012 inch). If the
clearance is excessive then shims can be fitted as shown at e in FIG 11:13 to
reduce the clearance.

Shims can be fitted between the suspension and brake to ensure that the disc
runs centrally between the caliper.

The shims fitted for the front brakes are shown in FIG 11:14. Only one shim may
be fitted at each position on the front brakes but it is permissible to use only
one shim per brake so as to correct any tilt and the shims are only available in
.05mm (.020 inch) thickness. The rear brakes must be shimmed parallel using
one shim at each position, shown in FIG 11:15. Shims for the rear brakes are



available in three different thicknesses, .05 (.020, 1 (.040), and 1.5 (.059). To
check on the shim thicknesses required, measure with feeler gauges between
the disc and caliper at the points a and b shown in FIG 11:16.

The shims must be adjusted so that the gaps are both within the correct
tolerances of 2.5 .5 mm (.079 to .118 inch).

It should be noted that if the caliper brackets require removal then the
complete hub assemblies must also be removed, as for removing brake disc
(see Chapters 8 and 9).
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Swinging links:
These can be checked for position but special gauges are required so the work

should be left to an agent. If the links are worn or damaged they can be
removed by carefully drilling out the rivet that secures them. The inner side of



the caliper bracket should then be drilled out to 8+.1 +2mm (.319 to 323 inch)
as shown at A and the other side slightly chamfered as shown at B in FIG 11:17.

The swing link is then secured using a new pin and the pin peened using the
special tool No. Fre. 17
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