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2-1 ENGINE TIGHTENING
SPECIFICATIONS

Use a re liable torque wrench to tighten the
parts listed, to ins ur e proper tightness with­
out straining or distorting parts. These speci­
fications are for clean and lightly lubricated
threads only,. dry or dirty threads produce in­
creased fr iction which prevents accurate
measurement of t ightness.

Part

Plug
Plug
Bolt
Bolt

Bolt
Bolt
Nut
Bolt
N u ts
Bolts
N u t

Loca tion

Spark .
Cra nkcase D rain . . . . .
L ower Crankcas e .
Flywheel Housing to Upper
Crankcase .
Timing Gear Cover .
Valve Push Rod Cover .
Valve R ocker Arm Co ver .
Water Pump to Cran kca se . .
Manifold Stud .
Cylinder Head .
Connecting Rod Bolt- Series
40-50 .

Threa d
Size

14MM
18MM
YI6-18

%-14
%-16
YI6-18
YI6-24
%-16
%-24
%-14

%-24

Torque
Ft.Lb•.

22-28
30-35

6-15

55-60
15-20

4-5
4-5

25-30
25-30
65-70

40-45

Part

Nut

Bolt
Bolt
Bolt
Nut

Bolt

Bolt
N u t

Nut
Bolt

Nut

Nut
Bolt

Nut

Nut

Nut

Location

Connecting Rod Bolt-Series
70 .
Piston Pin Clamp .
Crankshaft Bearing Cap .
Balancer Retainin g . . . .
Flywheel to Cran ksh a f t ­
Series 40-50 .. .
Flywheel to C r a n ks h a f t -
Series 70 .
Rocker Arm Shaft Bracket .
Rocker Arm Shaft Bracket
Stud .
Generator t o Bracket B olt .
Generator M ou nt in g Bracket
to Crankcase . .
Front Engine Mounting
Bracket t o F rame Bolt . .. .
F ront Engine Mounting Stud
Transmission Mounting Pad
to Rear Bearing Retainer .. .
Transmission Mounting Pad
to Transmission Support Bolt
Transmission Support to
Frame Cross Member Bolt ..
Thrust Pad to Transmission
Support and Thrust Plate ..

Thread
Size

7,.{6-24
YI6-24
Yz-13
%,-16

%-24

%-24
%-16

%-24
%-24

%-16

%-24
%-24

%- 24

%-24

%-24

%-24

Torque
Ft.Lb••

60-65
25-30
90-100

100-110

35-40

45-50
30-35

30-35
25-30

30-35

30-35
30 -35

30-35

30-35

30-35

30-35
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2-2 ENGINE GENERAL SPECIFICATIONS
a. General Information

Itema

T ype .
Cylinders a nd Arrangement .
Bore a nd Stroke .
P is ton D is placement .
Com pression Ratio-

Series 40 , .
Se r ies 50-70 Syncro-Mesh .
Series 50-7 0 Dynaflow .

Compression Pressure at Cranking Speed (Ibs . zsq . in .)
Series 40 .
Series 50-70 Syncro-Mesh .
Series 50-70 Dynaflow .

Firing Or der . . .
Taxable H orsepower .
M a x. Bra ke H .P., Bare Engine, @ 3600 RPM

Se ries 40 .
Se ries 50- 70 Syncro-Mesh .
Se ries 50-70 D ynaflow .

Engine W eight , Less C lutch and Transmission (lbs.) .
Type of Engin e Mountings .
Number of M ount ings and Material .

b. Cylinder Crankcase and Cylinder Head

C ylinder Crankcase Type .
C ylinder H ead Type and Material .
Com bust ion Chamber .
Head Bolts , Num ber and Diameter .

6.6 to 1
6.9 to 1

112
114
118
0(

30.63

110
115 144
120 150
709 840

0( Controlled Frequency---~

0( 3 Synthetic Rubber'----+

-+-Block Case Integral wi th Crankcase-s-
0( One Piece, Cast Iron ~

0( Cast in H ead ~

0( 22, % " ~

85 .5 lbs. 114 lbs ,
5 5
0( Center ~

0( Replaceable-P recision-r-r-s-e-
~SteelBacked Durex-100A ~

None None

Cast Iron Cast Iron
Pressed Steel Pressed Steel
36.55Ibs. 44.75Ibs.
146 156
~LaminatedSteel Flywheel Sup-

ported on Steel Lea f Springs~
~Front End of Crankshaft-r-r--r-e-

c. Crankshaft Bearings, Flywheel Balancer

Crankshaft W eigh t .
Number of Crankshaft Bearings .
Bearing which takes Thrust .
Crankshaft Bearing T ype .
Crankshaft Bearing M a ter ia l. .
Provision for Bearin g Adjustment .
Bearing Cap Bolts, N o. a n d Diam.

R ear Bearing . . . . .
Flyw~~~rJ::e~ii~fs .

Syncro-Mesh .
Dynaflow .

Weight of C . I. F ly wheel and R in g .
Number of T ee th on R ing .
Crankshaft Balancer Type .

Balancer Location .

Two, Y2"
Two, Y2"

Four, Y2"
Two, Y2"

d. Connecting Rods, Pistons and Rings

Connect in g Rod Bearing Type-
1948 and First 1949 .
1949 Except First Jobs .

Provision for Bearin g Adjustment
1948 a n d First 1949 .
1949 E xcept First Jobs .

No. and Diam. of Cap Bolts .
How are Rods and Pistons Removed .
Weight of Connect ing Rod Assembly (lbs .)

With Cast Bearin gs .
W ith Replaceable Bearings .

Piston Type . . .
Piston Weight , Less Pin a nd Rings .
Piston Features ,

Piston Material and Surface Treatment .
Compression Rings per Piston .

Type .
Oil Rings per Piston . . .

Type, Upper .
Type, Lower .

Location of All Piston Rings .

~Centrifugally Cast in Rod~

0( Replaceable-Precision ~

0( Solid Sh ims ~

N one None
Two, VB" Two, ?1'6"
-+-- - -From T op of Cylinder ~

1.779 2.224
1.804 2.224

0( Full Skirt ~

13 .776 oz. 17 .9 4 oz .
-+--Turbulat or Top-Cam Ground

Transverse Slot ~
-+--Al uminum Alloy-s-Anodized-r-r-rs-
2 2
0( Inside Bevel ~

2 2
-+--C han neled-Oil Return Slot~

0( F lex-Fit ~

0( Above Piston Pin ~
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e. Camshaft and Valve Mechanism Series 40-50 Series 70

6Y2 ( *8)
5 Y2 ( *7)

Camshaft Drive .
Number of Camshaft B earin gs .
Camshaft Bear in g M aterial .
Camshaft Thrus t Con t rol .
Camshaft Sproc ket -

M aterial and Wid t h .
No. of T eeth .

Crankshaft Sprocket-
M aterial and Wid t h .
No. of T eeth .

Timing Chain Width .
Valve Lifter T ype-
• 194 8 All Ser ies , Except Late Ser. 70 Dynaflow .

1949 with Syncro-Mesh .
Late 194 8 Ser. 70 a n d 1949 Ser . 50-70 Dynaflow .

Valve T ype-Inlet , .
Exhaust .

Valve Seat Angle- Inlet and Exhaust .
Valve Spring T ype . . . . . . . . . . . . . . . . . . . . . . . . . . .
Valve Guide Type a nd Material. .

f. Engine Oiling System

Oiling System T v pe .
Oil Supplied to Bearing Surfaces -

Crankshaft Bearings .
Connecting Rod Bearings .
Pistons and Pins .
Camshaft Bearings . . . . .
Timing Cha in and Sprockets .
Rocker Arms and Valves .
Valve Tappets .

Location of Oil Filler .
Location of Oil Drain .
Oil Reservoir Capacity-Quarts-

Dry Engine .
R efill .

Oil Level Gauge-Type and Location .
Oil Pressure Gauge-Make .
Normal Oil P ressure .
Oil P ump Type .
Oil Pump Location .
Oil Screen Location .
Oil Pressure Regulator Type .

g. Engine Cooling System

Cooling System Type .
W a t er Temperature Control .
Cooling System Capacity-Qts.-

Less Heater .
With Heater .

Loca t ion of Drains .

W a ter P ump Type .
W a ter P ump Location .
Water Pump and Fan Drive- W ith Generat or .
W ater Pump to Crankshaft Speed R a t io .
Water Pump Bearing Type .
Water Pump Seal Type .
Fan Diameter .
Num ber of Blades .
R adi a t or M a ke .
Core Material. .
Core Frontal Area (sq. in. ) , Syncro-Mesh .

D ynafl ow Drive .
Core T hickness, Syncro-Mesh .

D ynafl ow Drive ' .' .
R adiator P ressure Control .
Radiator Pressure (lbs.)-

Sync ro-Mesh .
Dynafl ow Drive .

R adiator Thermostat-Make .
Thermostat Location .
Thermostat Calibration .

+- Link Belt Chain ~

5 5
+----Steel Backed Babbitt ~

+- Plate at Front End ~

+-·----Cast Iron, 1~"-----l'"

38 38

+------,St eel, 1~"------l...
19 19
I " I "

+- Plain Sleeve ~

+- Plain Sleeve ~

+- Hydraulic -+-
+-- - - - - -Streamlined ~

+- Mushroom ~

+- 45 Degrees ~

+- Dual Helical ~

~ Removable, Cast Iron----+-

+-----Forced Feed-----+

~ Pressure )
~ Pressure ~

~ Spray ~

~ Pressure ~

~ Metered Jet and Spray ~

~ Low Pressure ~

+-Gravity Flow from Rocker Arms-r-e­
+---In Valve Rocker Arm Cover~

+-Plug in R. Side of Lower Crankcase-s-

8 (*9 Y2)
7 ( *8 Y2)

( *W it h Dry Oil Filter)
+---Rod in R. Side of Crankcase-e-r-r-s-
AC AC
~ 35 lbs. @ 35 MPH ~

~ Helical Gear ~

+--Suspended in Lower Crankcase--l-­
+----On Float Attached to Pump~

+-Non-Adjustable Spring and Valve-i-s-

~ Pressure ~

+--Thermostat and Fixed By-Pass--l--

13 ( **14) 16 %,
14 ~ ( * * 15~) 18
(**Ser ies 50 with Dynaflow D r ive)
~ Cocks in Radiator and in

R.H. Side of Crankcase ~

~ Centrifugal ~

~ Front E nd of Crankcase ~

~ Si n gle Vee Belt ~

.92 to 1 .96 to 1
~ Sea led D ou ble-Row Ball ~

~ Spring Loaded, Packless ~

18" 17Y2"
4 5
~ H arrison ~

~ C opper ~

419 .43 421.12
417.07 409.3
2" 23~"

21%" 3 % "
~ Valve in Filler C a p ~

7 7
7 13
~ Harrison ~

+--In Housing Above Water Pump-----+­
• See P ar. 2-3, f ~
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2-3 ENGINE DIMENSIONS, FITS AND ADJUSTMENTS

NOTE: Dimensions and limits for fit of parts apply to new parts only . Where limits are given,
"T" means tight and "L" means loose.

a. Crankshaft and Connecting Rod
Bearings

2.3105"- 2.3115" 2.5605"-2.5615"
2.3735"-2.3745" 2.6235"- 2.6245"
2.4355"-2.4365" 2.6855"-2.6865"
2.4985 "-2.4995" 2.7485"- 2.7495 "
2.5605"- 2.5615' 2.8105' -2.811 5'
• .0005" to .002" ~

• .004' to .008' ~

C .0004"Tto .0012' L ~

1.997"-1.999' 2.248"-2.249'
1.998"-1.999 " 2.248 "-2.249"
C .0005' t o .002" ~

• .005" to .010" ~

7%" 8W

• .010 " to .020" ~

C .010 " to .020 ' ~

+-No Checking or Fitting R equired-e-s-

C .0015" Go-.002" No Go ~

21~' 3~6 "
.8124"-.8129" .8744"- .8749"
+-Finger Push F it (.0003"-.0004")~

~" ~"
;{6" ;{6"
~ .1855"-.1865" ~

Item.
Crankshaft Bearing Nominal Diam. x Length-

Front .
Front Center .
Center .
Rear Center .
Rear .

Crankshaft Journal Diameters-
Front .
Front Center .
Center .
Rear Center .
Rear .

Crankshaft Journal to Bearing Clearance .
Crankshaft End Play, at Center Bearing .
Fit of Main Drive Gear Pilot Bearing in Crankshaft .
Crankpin Journal Diam.-1948 .
Crankpin Journal Diam.-1949 .
Crankpin Journal to Bearing Clearance .
End Clearance of Connecting Rod on Crankpin .
Connecting Rod Length, Center to Center .

b. Cylinders, Pistons, Pins and Rings

Cylinder Bores, Standard Size .
Piston Length, Overall .
Piston Diameter at 90 ° to Piston Pin-

Standard .
.005" Oversize .
.010" Oversize .
.020" Oversize .
.030" Oversize .

Piston Clearance in Cylinder Bore at Top of Skirt .
Piston Fit at 70° F, Using Feeler Gauges, Allowing Piston to Drop on its

Pis~~ie~gth: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :
Piston Pin Diameter .
Piston Pin Fit in P ist on at 70° F .
Width of Compression Rings .
Width of Channeled Oil R ings .
Width of Flex-Fit Oil Rings .
Width of Gap, Ring in Bore-

Compression Ring .
Upper Oil Ring .
Flex-Fit Oil Ring .

Side Clearance of Rings in Piston Groove-
Compression Ring .
Upper Oil R ing , .
F lex-Fit Ring .

c. Camshaft and Valve Mechanism

SerI•• 40-50

3.091 ' -3.094 '
42~'

3.0910"-3.0922"
3.0966"-3.0972"
3.1016"- 3. 1022"
3.1116"- 3.112 2"
3.1216' -3.1222"
.0018"-.002 4'

5.ri•• 70

3.436 "-3.439'
4%"

3.4 358"-3.4370'
3 .4414"-3.4420"
3.4 464"-3.4470"
3.4 564 "- 3.4570"
3.4664"- 3.4670"
.002"-.0026"

Camshaft E nd Play .
Camshaft Bearings-Diam. x Length-

No.1 .
No.2 .
No.3 .
No.4 .
No.5 .

Camshaft Clearance in Bearings .
Valve Lifter Diameter .
Valve Lifter Clearance in Crankcase .
Rocker Arm Shaft O.D .
Rocker Arm Clearance on Shaft .
Valve Head Diameter-Inlet .

Exhaust .
Valve Seat Angle-Inlet and Exhaust ; .
Valve Lift-Inlet .

Exhaust .

• .04" to .008' ~

2%' x 1 ~' 2%' x 1~"

2~' x ~' 2~' X 11j{6'
2~" x 1% " 2~" x 1 ~'

2~6' X ~" 2~6" X 11j{6"
1 ~' x 3\.i2" 1 ~" x 3\.i2"
C .0005"-.0035" ~

C .9975'-.9985" ~

C .000 5' - .00 25" ~

I%;' 1;{6'
C .002' - .004' ~

11~' 12% '
11\.i2' 1'!16"
• 45 Degrees ~

.348" .347"

.342' .348"



(27) ENGINE

Items

Valve Stem Diameter-Inlet .
Exhaust .

Valve Stem Clearance in Guide-
Inlet .
Exhaust .

Valve Guide Extension from Top of Cyl. Head .
Inner Valve Spring, used with Adjustable Valve Lash

Valve Open (lbs. @ length) .
Valve Closed (lbs. @ length) .

Outer Valve Spring, used with Adjustable Valve Lash-
Valve Open (lbs , @ length) .
Valve Closed (lbs . @ length) .

Inner Valve Spring, used with Hydraulic Lifters-
. Valve Open (lbs. @ length) . : .
Valve Closed (lbs. @ length) .

Outer Valve Spring, used with Hydraulic Lifters-
Valve Open (lbs. @ length) .
Valve Closed (lbs. @ length) .

SPECIFICATIONS 2-5

Serles 40-50 Series 70
( .3715'-.3725' ~

( .3711' - .3719' ~

( .0015"-.0035" ~

( .0021'- .0039" ~

1~2" 1%'

( 48-54 @ 1~' ~

( 17 .5-22.5 @ 1Z~' ~

( 74-80 @ 11~ft ~

( 29.5-34 .5 @ 11U6' ~

( 49-55 @ 1~" ~

( 22-26 @ 12~' ~

( 116-124 @ 11%' ~

( 49-55 @ 1 1~' ~

( 72' , See fig . 2-41 ~

( .0006 ' L to .0009' T ~

%' %"
( .001" T to .0025" T ~

( 1%4' from End ~

( 1% " Elbow ~

( I I%;" ~

( 148 ° F to 155° F ~

( N ot over 175° F ~

( 178° F to 185 ° F ~

( Not over 211 ° F ~

d. Valve Lash

NOTE: Does not apply to engines equipped
with hydraulic valve lifters.

Valve Lash at Road Operating T emp.-
Inlet and Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .015' .015'

Valve Lash Using Shop Procedure. . -..1(---.017' Go- .018· No Go--~

e. Engine Oiling System

Pump Shaft to Bearing Clearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....(f------.001 · to .0025·-----J~
Pump Idler Gear Bearing Clearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( .001"- .0025·-----..
Pump Driving Gear Backlash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( .003 '-.005·-----~
Pump Drive and Idler Gears Backlash. . ( .OO3·-.006"-----~

Pump Drive and Idler Gears End Clearance. . . ( .0005· - .004·- - - - -..
Oil Pressure Valve Clearance in Body . . . . . . . . . . . . . . .. . .. . . . . . .... . ... . ( .003 ·- .006·-----~

f. Engine Cooling System

Fan Belt Adjustment .
F it of Bearing in Water Pump Body .
Pump_Bearing Shaft Diameter .
Fan Hub Fit on Bearing Shaft .
Fan Hub Position on Shaft .
Rad ia tor Hose Inside Diam. and Type .
By-Pass H ose Inside Diam .
Standard (151°) Radiator Thermostat Calibration , @ Atm. Press.-

Start to Leave Seat .
Fully Open .

High Temp. (182°) Radiator Thermostat Calibra tion, @ At m . Press.
Start t o Leave Seat .
Fully Open .
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736

732

728

724

720

716

712

708

704

700

69'6

692

688

684

I I I
AXLE RATIO TIRE SIZE SERIES
4.454 16 6.50 40
4 .454 15 7.60 50 r'\..
4.100 16-6.50 40 -- 1\..1'\

4 .100 15-7.60 50 r\.'-
r- 1"-0100. '- 1'\

-1"-0 4./00 15 B.20 70 -- 1'\ I\.. "-1"-0 3.643 15- 8.20 70-- "- r-.. ,1'-
1' .... " 1'- 1'\

r- .... .... .... 1'- ,
"-~ .... I" '\ ... v.... r-... '\

....""" r-. i'.. ~j '~.... r-... ") '" ~j~
..... llf''''''' '/ )~v

~ ..... r/ )~ r
~

"""
r/ 1// '\

V ~ ..... '/ " "-
SERIES TIRE SIZE V v ..... i'.. '/ ,~ 17
40 16- 6.50~ I" ~ v.

50 15-7.60 '" ro... o I"ll/

" ~~ "" r/i/

70 15- 8.20/ "- r/~ V
1"1 ~ ~v I" ,

/ f/ ~ / ... lJv J') ~II' IV ..... . r- v ~ ~I' V .....
W .....~ I/,; ~1i'I V ..... ~

J .... a v. Z-
L !'looI W . ~ ,~ I' L... I. .J.v,; l.I ,

~a: i'.. I.J.~ V , a:
lJ "" l). ~ 1'\ Wa " IN I\. u
V) ~ IN V 1\ V)
> I" Ii.~ 1/ \. >W A<. ,

\. lJa: V a:
J U1. 11/1'

lJ918 1/
W ~ 8 V "

Z
W (/LJV v " L')
I '.J.~ v " \ Z
~ '.J. ..... \.W

~I/. V ~
~). ~/ I\.

J'/. 1/ .....
i)~ V I'

J~ .....
1..0111 I"

~

~~~
~

I'

1:--
f-- r\

1\, ,
v I I "M I L E S PER HOUR 1\
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5200

4800

4400
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1200
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\0 20 30 40 50 60 70 80 90 100

Figure 2-1 -Chart Showing Relation Between Engine Revolutions
and Car Speeds-1948 Models
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760
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736

728
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Figure 2-2-Chart Showing Relation Between Engine Revolution s
and Car Speeds-1949 Series 50-70
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2-4 ENGINES AND MOUNTINGS

a. Engines in Each Series

The engine used in Series 40 and 50 is of the
same design as the larger engine used in Series
70. Both are valve-in-head 8-cylinder in-line
engines, differing from each other principally
in bore and stroke, compression ratio and horse
power.

Series 40 and 50 engines are identical except
for differences in compression ratio and horse
power. The compression ratio of the Series 40
engine is obtained by using a Steelbestos
cylinder head gasket .050" thick. The compres­
sion ratio of the Series 50 engine used with
Syncro-Mesh transmissions is obtained by using
a sheet steel head gasket .015" thick. The higher
compression ratio of the 1949 Series 50 engine
used with Dynaflow Drive is obtained by milling
off the proper amount of metal from the gasket
surface of cylinder head.

The Series 70 engine used with Dynaflow
Drive is identical with the Series 70 engine used
with Syncro-Mesh transmissions except in com­
pression ratio, horsepower, crankshaft and fly­
wheel. The higher compression ratio in the Dy­
naflow engine is obtained by milling off the
proper amount of metal from the top surface of
the cylinder crankcase. The crankshafts of these
two engines are different at the mounting flange
for the flywheel. The Dynaflow engine uses a
very flexible stamped steel flywheel, whereas
the Syncro-Mesh engine uses a conventional cast
iron flywheel.

The bore, stroke, piston displacement, com­
pression ratio and horsepower of all engines are
given under Engines General Specifications,
paragraph 2-2.

b. Engine and Transmission Mountings

The engine and transmission assemblies are
supported at three points on "Controlled Fre­
quency" mountings. See figure 2-3. Special syn­
thetic rubber pads having the required friction
characteristics are used to provide controlled
damping properties.

The front engine mounting pads are located
on opposite sides of the engine near the center,
fore and aft, and approximately midway be­
tween top and bottom of the cylinder crank­
case. The mounting pads are fastened between
engine mounting brackets extending upward
from the car frame and brackets extending out­
ward from the crankcase. The front mountings
are designed to support the weight of the en­
gine and control its torsional characteristics.

The rear (transmission) mounting is com­
posed of two parts; a mounting pad to support
a portion of the weight of engine and trans­
mission assembly, and a thrust pad to take the
drive thrust from the rear wheels. The mount­
ing pad is located between the transmission
rear bearing retainer and the transmission sup­
port on car frame. The thrust pad is located
between the rear edge of transmission support
and a thrust plate extending downward from
the rear end of transmission rear bearing re­
tainer. Steel shims are used to take up all clear-
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Figure 2-3-Engine and Transmission Mountings
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ance between the thrust pad and transmission
support.

2-5 ENGINE CONSTRUCTION

a. Cylinder Crankcase, Cylinder Head
and Gaskets

The cylinder block and crankcase are cast in­
tegral to form the cylinder crankcase. This con­
struction, together with liberal reinforcing ribs
also cast integral, provides maximum rigidity
with a minimum size and weight.

The cylinder bores are precision bored and
double honed. The honing operations are con­
trolled to leave minute pockets in the cylinder
walls which are, in effect, small oil reservoirs
which provide efficient piston lubrication.

When one or more bores in a cylinder crank­
case cannot be properly finished to the nominal
size, all bores are finished to .010" oversize and
are fitted with .010" oversize pistons and rings.
This practice is quite general in the automotive
industry and engines having such cylinder
crankcases are not to be considered as special
or other than production standard. These en­
gines are identified for service purposes by a
dash mark about lA." long stamped directly fol­
lowing the engine number.

The detachable one-piece cast iron cylinder
head contains the combustion chamber which
are cast in place. The cylinder head mounts the
overhead valve mechanism, spark plugs, intake
and exhaust manifolds, and its attached to the
cylinder crankcase by 22 special %6" alloy steel

bolts.
Series 40 engines use a steelbestos cylinder

head gasket which is approximately .050" thick.
Series 50 and 70 engines use a sheet steel gas­
ket which is .015" thick. To insure a tight seal,
the steel gasket is crimped around the edges of
all openings where leakage may occur.

b. Pistons, Pins and Rings

Pistons are Anodized aluminum alloy. They
have full skirts, are cam ground, and have two
transverse slots cut in the skirt below the bot­
tom ring groove and parallel to the piston pin.
Two bosses cast inside the lower end of skirt
below piston pin bosses provide points at which
metal may be removed as required to bring the
piston within the specified weight limit.

The piston head is specially shaped with a
hump on one side and a rounded depression on
the camshaft side. This unusual shape com­
bined with the valve-in-head design forms a
combustion chamber in which the fuel-air
charge is compressed in the form of a flattened
ball at the point of ignition. This "Fireball"
design regulates the burning of the fuel-air
charge and smooths out the power impulses.
See figure 2-5.

Grooves for two compression rings and two
oil rings are located above the piston pin. The
oil ring grooves are drilled to provide drain
back of oil to inside of skirt. A groove cut in
the land above the top compression ring acts
as a dam to deflect heat away from the top
ring.
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ring with oil return slots cut through the chan­
ne led section. Oil passing through these slots
return to the crankcase through holes drilled in
the piston. The narrow lands on this ring pro­
vide-oil control and permit rapid wear in dur­
ing the break-in period.

The ring used in the fourth groove from top
of piston is designated as the "Flex-Fit" oil
ring. The name was derived from the shape of
the ring and its extreme flexibility. The ring is
made from strip steel and is composed of seg­
ments which are joined at the inner edge of
ring and separated by narrow slots in the
wiping edges. This flexible construction permits
perfect contact between the piston ring and the
cylinder wall. Oil passing through the inner
slots returns to the crankcase through holes
drilled in the piston.

The compress ion rings and the " F lex-F it"
rings are coated to aid in the seating of the
rings and diminish the possibility of any scuf­
fing or unnecessary wear during the break-in
period.

c. Connecting Rods

Connecting rods are heat-treated steel drop
forgings of I-beam section. Rods are forged
with sufficient metal on bosses at both ends
so that metal can be r emoved as required to
secure correct weight and balance during
manufacture.

The upper boss of connecting rod is bored,
slotted , and tapped to receive and clamp the
piston pin. The cap is attached to the rod with
two special diameter ground bolts to insure
correct al ignment ; bolt s a re provided with hex
nuts and pal nuts. A small oil hole is drilled
through the bea ring and flange of rod to pro­
vide lubrication t o cylinder walls on t he heavy
thrust (camshaft ) side.

In all 1948 engines and in approximately 5,­
000 engines used at start of 1949 production,
the connecting rods have bearings centrifugally
cast and bonded directly to rod and cap, and
solid shims are provided for ad justment . Later
1949 engines a re equipped with connecting ro ds.
having replaceable precision bearings. Shims
are not used with these bearings.

d. Crankshaft, Bearings, Flywheel and
Ba la ncer

The crankshaft is supported in the cylinder
crankcase by five bearings. The crankshaft
bearings and crankshaft journals are stepped
up in diameter from front to rear.

2

COMPRESSION RINGS

CAM~H_An

SIDL

Figure 2-S-Piston and Pin Assembly

Figure 2-6- Pisto n Rings

The piston pin bosses are diamond bored to
form bearings for the piston pins. The piston
pins float in the pistons and are held stationary
in connecting'rods by clamp bolts. A notch is
ground at the middle of each pin for the clamp
bolt, and the pin is solid at this point to pre­
vent distortion.

The compression rings in the two upper
grooves of piston are distinguished by a small
groove (on some rings a bevel) cut around t he
inner edge on one side. This groove (or bevel) ,
which must be on top side of ring when in­
stalled, permits the ring to warp very slightly
in the groove so that onl y the lower outer edge
contacts the cylinder wall to aid in controlling
oil during light duty operation, Under heavy
duty operation the fo rce of explosion flattens
the ring and pushes it outward to provide heav­
ier contact with the cylinder wall and insure
an effective compr ession seal. See figure 2-6.

The ring used in the third groove from top
of piston is a conventional channeled type oil
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Figure 2-7-Engine, with Adjustable Valve lash-End Sectional View
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Figure 2-8-lnlet and Exhaust Valves-Sectional View

have mushroom heads, all ground for 45 degree
seats. See figure 2-8. Each valve is closed by
two coil springs.

Adjustable lash valve mechanism is used in
all 1948 Series 40-50 engines and in 1948 Series
70 engines up to No. 5192693. The valve lifters
are plain sleeve type, and the ball studs in
rocker arms are used to adjust valve lash to
specified limits to insure full seating and quiet
operation of valves.

Hydraulic sell -adjusting valve mechanism is
used in 1948 Ser ies 70 Dynaflow Drive engines
starting with No. 5192694, and is used in all
1949 Series 50 and 70 Dynaflow Drive engines.
See subparagraph I below.

f. Hydraulic Valve Mechanism

Engines equipped with hydraulic valve
mechanism are identified by RED "Buick Fire­
ball" lettering on the rocker arm cover; engines
having adjustable valve lash mechanism have
blue lettering. A label also is placed on rocker
arm cover, stating-"This Engine Equipped
With Hydraulic Lifters."

The hydraulic valve mechanism employs hy­
draulic lifters which automatically maintain
zero valve lash under all operating conditions.
The ball studs in rocker arms are used only for
the initial adjustment of the hydraulic lifters.

The construction of a hydraulic va lve lifter
is shown in figure 2-9. The plunger and the
body are ground t o ver y close limits and are
selectively fitted to obtain f r ee movement with
the least possible clea rance, in order to control
leakage of oil from the lower chamber within
very close limits. The spring exerts a 10 pound
load, which is enough to take up all lash clear­
ances between parts in the valve train without
affecting positive seating of the valve. The
check valve ball seats in the plunger feed hole

rt
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e. Camshaft and Valve Mechanism

The forged steel camshaft is supported in
the cylinder crankcase in five steel-backed bab­
bitt-lined bearings and is driven from the
crankshaft by a silent chain. The camshaft
actuates the overhead valves through lifters,
push rods, and rocker arms.

The valve lifters operate in guide holes
reamed in crankcase above the camshaft. The
tubular steel push rods have hardened steel ball
plugs at lower ends which seat in valve lifters,
and hardened steel ball sockets at upper ends
which engage ball studs in rocker arms. The
threaded ball studs provide for adjustment and
are locked by hex nuts. The rocker arms pivot
on a tubular steel shaft which is supported on
the cylinder head by eight bracket s. Inlet valves
have st r eamlined heads and exhaust valves

Full precision crankshaft bearings are used
in all engines. The bearings are made from
Durex 100-A material having superior fatigue
qualities. The babbitt lining is bonded to the
steel back of the bearing by a fine textured
nickel-copper matrix which gives continuous
support to the bearing metal. No shims or
other means of adjustment are required with
these bearings as they are held to very close
limits on size.

The crankshaft is counterbalanced by weights
. forged integral with crank cheeks, and is both
statically ' and dynamically balanced during
manufacture. A flange forged integral with
rear end of shaft supports the flywheel which
is separately balanced during manufacture.

'The crankshaft in Series 70 engines used
with Dynaflow Drive are not interchangeable
with crankshafts in Series 70 engines used
with Syncro-Mesh transmission. The difference
is in the shape of the flywheel flange and the
counterbore in rear end of shaft.

Flywheels used in Series 40-50 and Series 70
engines employed with Syncro-Mesh transmis­
sions are cast iron, machined to form a driving
face for the clutch plate. Flywheels used in
S eries 70 engines employed with Dynaflow
Drive are flexible steel stampings to which the
Dynaflow primary pump is bolted. Both type
flywheels carry a ring gear for cranking the
engine.

A flywheel type harmonic balancer is mounted
on the front end of crankshaft to dampen tor­
sional vibration. The hub of the balancer is
keyed to the crankshaft and retained by a
clamp bolt threaded into the end of crankshaft.
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Figure 2-9-Hydraulic Valve Lifter, with Quarter Section Cut Out

order to supply filtered oil to the hydraulic
valve mechanism is also used in all 1949 en­
gines. See paragraph 2-6.

Since the .cam contours are different, use of
a camshaft designed for plain lifters in place
of camshaf t designed for hydraulic lifters, or
vice versa, will result in extremely rough and
noisy engine operation. Camshafts for hydraulic
lifters are identified by a machined cut, %"
wide and 60 % of circumference, located be­
tween No.6 and No. 7 cams.

The upper and lower ends of each push rod
have centrally drilled oil holes, and the upper
end is counterbored to form a shroud around
a bleed hole drilled in the push rod tube. The
bleed hole permits air and surplus oil to escape
from the push rod, thus eliminat ing air locking
and preventing excessive build up of oil pres­
sure which would result in an over-supply of oil
to the valve stems.

Figu re 2-1 0-011 Passages in Rocker Arm s and Ball Studs

OIL TO
-----·······VALVE STEM

OIL PASSAGE

-~ GROOVE & O IL HO LE O IL TO
OIL PASSAGE VALVE STEM

B-ROCKER ARM USED WITH
HYDRAULIC VALVE LIFTERS

A- ROCKER ARM USED WITH
ADJUSTABLE VALVE LASH

An oil passage is drilled betw een the bearing
and the th readed ball st ud hole in all rocker
arms. In rocker arms used with adjust able
valve lash, a small hole from this passage feeds
oil into the push rod socket, and the end of pass­
age is closed by the ball stud. See figure 2-10,
view A. In ro cker arms used with hydraulic
valve lifters, the small fee d hole is not present.

and the retainer limits its travel to .004"-:008".
In operation, the plunger and lower chamber

are kept filled with oil, being supplied through
passages in the rocker arm shaft, rocker arm,
ball stud, push rod ends, and the push rod seat
in lifter. The tubular push rod serves as a res­
ervior to maintain a head of oil above the lifter.
When the valve lifter is on the camshaft base
circle (off the cam) the spring raises the plung­
er to eliminate all lash clearances between parts
in the valve train. If the lower chamber is not
completely filled with oil at this time, oil will
run down through the feed hole past the check
valve ball to fill the chamber.

As the rotating camshaft raises the lifter body
the pressure created in the lower chamber
closes the check valve so that the plunger and
push rod seat move with the body. This move­
ment is transmitted to the push rod, rocker
arm, and valve without lost motion. During the
lifting movement any oil that leaks past t he
plunger is collected and returned to inside of
plunger by the groove and r eturn hole in
plunger. When the parts in va lve t rain expand
due to heat, the volume of oil in lower chamber
of lifter is automatically adjusted through the
check valve to compensa te for these changes
and maintain zero valve lash .

In addition to the hydraulic lifters, the cam­
shaft, push rods, ro cker arms, ball studs, and
valve springs are changed and therefore are not
int erchangeable with similar parts used in en­
gines equipped for adjustable valve lash. A
change made in the oil filter and connections in
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The ball stud used with this rocker ann has a
groove which aligns with the oil passage and
has drilled holes which feed oil to the inside of
the push rod. See figure 2-10, view B.

2-6 ENGINE LUBRICATION SYSTEM

The crankcase is filled with oil through the
filler opening in the rocker ann cover. The filler
opening is covered by a removable combinat ion
filler and ventilating cap which contains a filter­
ing material to exclude dust. See figure 2-14.
The supply of oil in crankcase may be checked
by means of the removable oil gauge rod on
right side of crankcase. The rod is marked
"Full" and "Add Oil", and the range between
marks is two quarts.

The engine lubrication system is of the force­
feed type in which oil is supplied under full
pressure to crankshaft, connecting rod, and
camshaft bearings, and is supplied under con­
trolled volume to the rocker arm bearings, push
rods, and hydraulic valve lifters (where used).
All other moving parts are lubricated by grav­
ity flow or splash. See figure 2-11 or 2-13.

The supply of oil is carried in the lower
crankcase, from which it is picked up and cir­
culated by a gear type oil pump. The oil pump
inlet is equipped with a floating screen which

is hinged so that it follows the oil level under
all conditions, thus drawing clean oil from near
the top above any sediment which might collect
at bottom of crankcase. See figure 2-1 or 2-13.
Should the oil pump screen become clogged due
to abnormally thick oil, sludge, or other cause.
suction of the pump will cause the screen to
collapse at its center and open a valve that will
permit oil to be drawn into the pump.

The oil pump is driven by the distributor
shaft which is driven from the camshaft
through spiral gears. It contains two helical
gears enclosed in the pump body and retained
by the oil pump cover, to which the floating oil
pump screen is attached. The oil pump body
contains a non-adjustable spr ing loaded pres­
sure valve, which regulates the oil pressure at
35 pounds at 35 MPH under normal operation.

Oil under pressure leaves the pump through
a drilled passage in pump body, which con­
nects to the main oil gallery in the right side
of crankcase. Branch passages in the crankcase
distribute oil from t he oil gallery to the cam­
shaft and crankshaft bearings. Holes drilled in
the crankshaft ca r ry oil to the connecting rod
bearings.

Pistons and cylinder wall s are lub ricated by
oil forced through a small hole in the lower end

Figu re 2- 1 1- Engi ne Lubrica t ion System- 1948 Eng ines
(Except Ser ies 70 having Hyd raulic Valve Lifters)
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of each connecting rod, which registers with
the hole in crankshaft once in each revolution.
Piston pins are lubricated by splash.

The timing chain and sprockets are supplied
with oil through a small passage which con­
nects the main oil gallery with a recess and
drilled hole in the camshaft thrust plate. The
hole through the thrust plate is blocked by the
camshaft sprocket hub except when a slot in
hub registers with the hole once in every revo­
lution of the camshaft, at which time oil is
thrown into the inside area of sprocket. Three
holes in the camshaft sprocket allow oil to pass
to the timing chain. See figure 2-11 or 2-13.

The rocker arms are supplied with oil by
pipes which connect the hollow rocker arm
shaft with the main oil gallery in crankcase.
Oil is piped to a drilled passage in cylinder head
and a short pipe under the rocker arm cover
connects this passage to the top of No. 1 rocker
arm shaft bracket. Holes in bracket and shaft
conduct oil into the shaft, which is closed at
both ends.

Figure 2-12-Secti onal View of Oil Pipe Connection to Oil Gallery

In 1948 engines having adj ustable valve lash,
a special connector extends into the main oil
gallery so that oil is drawn from center of gal­
lery where oil is clean. See figure 2-12. An ex­
ternal pipe jo ins the connector with the drilled
passage in cyli nder head. See figure 2-11. The
special connect or is drilled to a size which con­
trols the volum e of oil supplied to the ro cker
arm shaft.

On 1948 Serie s 70 engines equipped with hy­
draulic valve lifters, and all 1949 engines, the
outlet side of oil filter is conn ected to the drilled
passage in cylinder head so that a ll oil supplied
to val ve mechanism passes thro ugh the filt er.
See figure 2-13. The upper pipe fitting in cylin­
der head has a restricted opening to control the
volume of oil supplied to the rocker arm shaft.

Holes in the rocker arm shaft feed oil to each
rocker arm bearing. A small hole in each rocker
arm feeds a slight amount of oil t o the contact
point between the arm and valve st em. A baffle
mounted above the rocker arms prevents oil
spraying from rocker arms onto the valve
stems in excess of the am ount required for
proper lubrication of valves and guides.

A passage drilled in each rocker arm con­
ducts oil to the ball stud. On engines having
adjustable valve lash, a small hole feeds oil into
the socket on push rod, from which the oil flows
down into the valve lifter to drain into crank­
case through a hole in t he lifter. On engines
equipped with hydraulic valve lifters, the small
feed hole is not used; the passage in rocker arm
connects with a groove and hole in the ball stud
through which oil is fed into the push rod. See
figure 2-10. The push rod serves as a reservoir
to maintain a head of oil abo ve the hydraulic
valve lifter.

The ignition distributor gears are given posi­
tion lubrication by means of an oil passage in
the crankcase running from the main oil gallery
to a point in the distributor housing f rom
which oil flows over the gears.

1948 engines having adj ustable valve lash
are equipped with an AC oil filter containing
a cotton packed element, No. C-115. The inlet
side of filter is connected by a pipe to the No.
3 tapped port in the engine main oil gallery. On
Series 40-50 engines, the filter outlet is piped
to a tapped hole in the crank case. On Ser ies 70
engines, the outlet is piped to a special dr illed
push rod cover bolt through which the filtered
oil returns to crankcase.

19 48 S er i es 70 en g ines eq uip ped with
hydraulic valve lifters and all 1949 engines are
equipped with an AC oil filter cont aining a
folded paper low-restriction element, No. P-127. •
The inlet side of filter is connected by a pipe to
the No.3 tapped port in the engine main oil
gallery. The filter outlet is piped to the drilled
passage in cylinder head so that the valve
mechanism is supplied with filtered oil. The
filter conta ins a valve which will open at 7-9
pounds pressure t o by-pass oil to the outlet in
case the filter element becomes plugged or
otherwise inoperative.

The filter elements described above are not
interchangeable. Each filter bears a label which
gives the number of the filter element that
must be used for replacement.
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Figure 2-13-Engine lubrication System-1949 Engines
(Also 1948 Series 70 Having Hydraulic Valve liftersl

2-7 CRANKCASE VENTILATION SYSTEM

A crankcase vent ilato r inlet, containing a
gauze filter element , and an outlet suction pipe
are used to provid e crankcase ventilation. Ven­
til ation of the crankcase is accomplished by
th e vacuum created by the outlet pipe.

The outlet pipe is connected to the push rod
cover, and exte nds rearward at a low level on
right sid e of engine . Suct ion created by air
passing th e open end of the outlet pipe, when
car is moving forward, causes air to be drawn
into crankcase through the crankcase inl et, and
into th e rocker arm cover through a ventilating
type oil filler cap which contains a gauze filter­
ing element. Th e ventilating streams of air are
drawn out of crankcas e and rocker arm cover
through the push rod compartment and outlet
pipe. See figure 2-14.

The ai r passing through the crankcase, push
rod compartment , and rocker arm cover picks
up fuel and water vapors and removes them
from the engine. Th e ventilat ing system does
not remove all fuel dilution in cold weather as
a small amount is advantageous in low tem­
perature operation. It does , however, prevent
an accumulation of more than 20 % fuel dilu­
tion and removes all water under average driv­
ing conditions.

, ~
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Fig ur e 2-14-Cra nkcase Ventilation, Sectional View

2-8 ENGINE COOLING SYSTEM

The engine water cooling system is the pres­
sure type, with thermostatic water temperature
control and water pump circulation. A fan
located behind the radiator provides air cir­
culation.
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The cooling system is sealed by a pressure
type radiator filler cap which cau ses the system
to operate at higher than atmospheri c pres­
sure. The higher pressure raises the boiling
point of coolant and incr eas es the cooling effici­
ency of the radiator . Cars equipped with the
cellular type radiato r core use a 7 pounds pres­
sure cap wh ich permits a possible increase of
approximately 20° F. in boiling point of .cool­
ant. Cars equipped with the tube and fin t ype
radiator cor e use a 13 pound cap which permits
a poss ible increase of approximately 30° F . in
boiling point of coolant.

THERMOSTAT CLOSED

BLOWQ.FF VALVE

Figure 2- 16 -Recircu lation , Thermosta t Clos ed

When the coolant is below normal operat ing
temp erature, the thermostat valve closes and
blocks circulati on through the radiator. The
water pump pressure forces the coolant through
the by-pass passages to recirculate through the
cylind er block and head. See figure 2-16. Wh en
the coolant in cylinder block and head reaches
th e proper temperature the thermostat va lve
starts to open and the circulation proceeds
through the radiator in the normal way. At
normal operat ing temperatures the thermostat
is full open . See figure 2-17.
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Figu re 2-1 S-Pressure Type Radiator Filler Cap Installation

The pressu re t ype radiator filler cap con­
tainsa blow off or pressure valve and a vacuum
or atmospheric valve. See figure 2-15. The pres­
sure valve is held against its seat by a spring
of predetermined strength which protects the
radiator by relieving the pressure if an ex­
treme case of internal pressu r e should exceed
that for which the cooling system is designed.
The vacuum valve is held against its seat by a
light spring which permits opening of the valve
to relieve vacuum creat ed in the sys tem when
it cools off and which otherwise might cause
the radiator to collapse.

The thermostatically operated by-pass type
of water temperatu re contro l permits the en­
gine to reach its normal operating tempera­
t ures quickly, by causing the water pump to
circulate coolant through the engine, but not
through the radiator during the warm-up
period. This is accomplished by a thermostat
valve located in the cylinder head water outlet,
and a fixed by-pass passage located between the
water outlet and the water pump inlet. See
figure 2-16 and 2-17.

THERMOSTAT OPEN

VENT
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Figu re 2-1 7- Nor mal Circula tion, Thermostat Open

Water entering the cylinder block water
jacket from the pump moves to the r ear end
of the block before flowing upwar d into the
cylinder head water jacket and thence forward
to the radiator. This path of circulation pro­
vides maximum and un ifor m flow of coolant
over all water-jacketed su rfaces.

A small vent passage is located forward of
number one cylinder to permit any steam
forming in the cylinder block water jacket to
escape into the cylinder head water jacket. See
figure 2-17.
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Figure 2-1 8-Sectional View of First Type Water Pump­
1948 Engines

The coolant is circulated by a heavy duty cen­
trifugal water pump mounted on the front end
of the cylinder crankcase. The fan and pulley
are mounted on the outer end of the pump shaft
so that the pump and fan are driven by a belt
from a pull ey on the crankshaft. The pump
shaft is incorporated in a double-row ball bear­
ing which is seal ed at both ends to exclude dirt
and water and is lubricated during manufac­
ture so that no further lubrication is required.
The pump is seal ed against leakage by a pack­
less non -adjustable seal assembly mounted in
the pump body in position to bear against the
hub of impeller. See figures 2-18 and 2-19 .

Two different water pumps, diff ering prin­
cipally in the design of the seal , are used on
1948 m odel engines. The first type water pump
is used on engines in cars equ ipped with Syn­
cro-Mesh transmissions. The second type pump
is used in cars equipped with Dynaflow Dri ve
and in last production cars equipped with
Syncro-Mesh t ransmissions. The second type
pump is used on all 1949 model engines.

In the firs t type 1948 water pump the seal
assembly is composed of a brass shell, a carbon
ring and rubber washer bonded togethe r. The
brass shell is pressed on the hub of pump body

Figure 2-19-Sectional View of Water Pump-·2nd Type 1948 and
All 1949

and a helical spring presses the carbon ring
against the hub of impeller to seal aga inst pas­
sage of water . See figu r e 2-18.

In the secon d type 1948 w ater pum p (used in
1949), the seal assembly is composed of a brass
sleeve, a helical spri ng, a rubber bellows, and
a ca rbon wa sh er. Th e brass sleeve is pressed
into the hub of pump body. The spring presses
the flanged ends of the rubber bellows against
the sleeve and the car bon washer, and also
press es the carbon washer against the hub of
impeller to seal against pas sage of water. See
figure 2-19. Two r idges pressed in the brass
sleeve engage notches in the ca rbon washer to
prevent the washer f rom turning with the im­
pell er.

All Seri es 40-50, and 1948 Series 70 when
equipped with Syncro-Mesh transmissions, use
Harrison V-type cellular radiator cores having
copper water passages and copper cooling fins.
Series 70 cars equipped with Dynaflow Drive
use Harrison tube and fin type radiator cores.

A thermo-gauge to indicate temperature of
coolant is mounted on instrument panel. The
gauge assembly includes a capillar y tube with
a bulb which attaches to the cylinder head so
as to exte nd into the water jacket.
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2-9 ENGINE TUNE UP

The purpose of an engine tune up is to restore
power and performance that has been lost
through wear, corrosion, or deterioration of one
or more parts or units. In the normal operation
of an engine these changes take place gradually
at quite a number of points so that it is seldom
advisable to attempt an improvement in per­
formance by correction of one or two items
only. Time will be 'laved and more lasting re­
sults will be assured by following a definite and
thorough procedure of analysis and correction
of all items affecting power and performance.

The parts or units which affect power and
performance may be divided, for analysis, into
three groups in accordance with their function
in producing (1) Ign ition (2) Compression (3)
Carburetion. The tune up procedure should
cover these groups in the order given. While
the items affecting ignition and compression
may be handled according to individual prefer­
ence , cor rect ion of items in the carburetion
group should not be attempted until all items in
ignition and compression have been satisfactor­
ily corrected.

Most of the procedures r equired for complete
engine tune up are covered separately in other
sections of this manual; therefore, this para­
graph gives an outline only, with references to
the numbered paragraphs where detailed infor­
mation is given. The suggested procedure for
engine tune up is as follows:

1. Inspect battery and cables (par. 10-17).

2. Test cranking motor circuit if bat tery is
in good condition but cranking speed is low
(par. 10-37).

3. Inspect generator (par . 10-26). If difficulty
is experienced in keeping battery charged, test
generator regulator (par. 10-29).

4. Inspect entire ignition syst em and make
indicated corrections (par. 10-44). Before re­
moval of spark plugs for clean ing, warm up
engine for steps 5 and 6 which should be per­
formed before spark plugs are r einstalled.

5. Check cylinder head bolts for proper
torque (par. 2-16) .

6. Test cylinder compression pressure with
all spark plugs removed, using a r eliable pres­
sure gauge as follows :

(a) Connect jumper wire between primary
terminal of distributor and ground on engine to
avoid high tension sparking while cranking
engine. Turn ignition switch "ON".

(b) Insert rubber fitting of compression
gauge into a spark plug port and hold gauge
tightly in position.

(c) Push throttle wide open and crank en­
gine until compress ion gauge reaches its high­
est reading, which should require only a few
revolutions of engine.

(d) Repeat this test on all cylinders, making
sure to fully release pressure in gauge after
each test.

(e) The compression gauge hand should jump
to about 75 pounds on the first compression
stroke, with a few more strokes giving maxi-
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mum pressure. If the pressure is built up in the
gauge in jerky steps of 10 or 20 pounds at a t ime,
it indicates leakage of pressure at some point
such as head gasket, valves, or piston rings.

(f) Normal compression pressure at crank­
ing speed is approximately as follows, in an
engine which is fully broken in.

Series 40 112 lbs.Zsq. in.
Series 50-70, Syncro-Mesh .. 114 lbs.Zsq. in.
Series 50-70, Dynaflow ..... 118Ibs.jsq. in.
Pressure variation between all cylinders

should not exceed 6 lbs.jsq. in.
(g) Low compression pressure in two adja­

cent cylinders indicates a head gasket leak be­
tween the two cylinders.

(h) If one or more cylinders have low com­
pression pressure or there is considerable varia­
tion between cylinders, inject S.A.E. 20 engine
oil (not over 1 tablespoon full) into each low­
reading cylinder. Crank the engine a few rev­
olutions and recheck the compression pressure.
A material increase in pressure indicates that
compression is being lost past the pistons and
rings, whereas no increase in pressure indicates
sticking or poorly seating valves.

7. Check valve lash and adjust as necessary
(par. 2-14).

8. Clean strainers in fuel pump and carbu­
retor inlet (par. 3-9) .

9. Inspect and test fuel pump (par. 3-17).
10. . Free up and lubricate manifold heat

valve (par. 3-11) .
11. Clean and refill air cleaner (par. 3-8).
12. Check operation of choke valve and set­

ting of choke thermostat (par. 3-13).
13. Check adjustment of fast idle cam and

choke unloader (Carter par. 3-23; Stromberg
par. 3-30).

14. Check timing of accelerator vacuum
switch if starting difficulty is experienced (Car­
ter par. 10-32; Stromberg par. 10-33).

15. Check throttle linkage ad justment (par .
3-10) .

16. Adjust carburetor (par. 3-12).
17. Adjust fan belt (par. 2-27).
18. Inspect all water hose connections and

tighten clamps.
19. Road test car for power and overall per­

formance.

2-1 0 EXCESSIVE VALVE NOISE
a. Excessive Noise with Adjusta ble Valve

Lash M echanism

With the va lves lashed uniformly to speci­
ficat ions, the noise level should be very low as

observed in the car while driving. The sound
of valve action will be audible, however, when
the hood is raised or when the engine is operat­
ing on fast idle during warm up.

The valve lash must not be reduced below
specifications in an attempt to eliminate valve
noise, as this will cause formation of carbon
on valve seat and stems which will then in­
crease valve noise and lower the engine per­
formance. Burned or warped valves will result
from insufficient lash clearance.

The following conditions generally cause ex­
cessive valve noise :

(1) Excessive or Uneven Valve Lash Clear­
ances. Adjust valve lash (par. 2-14).

(2) Insufficient Oil to Valve Mechanism.
Check piping, restricted fittings, and oil line
screen (when used) to remove any obstruction
to proper flow of oil to rocker arm shaft.

(3) Sticking Valves. Sticking valves are usu­
ally indicated by an intermittent loudness of
action, although valves will be unusually noisy
at all times if they are sticking badly. Sticking
valves will cause irregular operation or missing
on a low-speed pull. Recondition valves (par.
2-17) .

(4) Warped or Eccentric Valves, Worn
Guides. Check valves and replace if necessary.
Install new val ve guides if worn. See para­
graph 2-17.

(5) Worn or Scored Parts in Valve Train.
Inspect rocker arms, ball studs, push rod ends,
push rods for bends, valve lifters, and camshaft
for worn or scored wearing surfaces. Replace
parts as required.

b. Excessive Noise with Hydraulic Valve
Lifters

NOTE: When an engine equipped with hy­
draulic valve lifters has been standing for con­
siderable time (such as overnight) some valve
noise will occur when engine is first started.
This is because oil escapes from the lifters that
are holding valves open against valve spring
pressure. These lifters will fill with oil and
noise will disappear after a f ew seconds of
runmina , This condition must not be classed as
excessive valve noise.

To locate a noisy valve lifter remove the
rocker arm cover. With engine idling place a
finger on each valve spring cap in succession. A
distinct shock will be felt when the valve re­
turns to its seat if a valve lifter is not func­
tioning properly. The valve will return to its
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seat with no shock whatever if valve lifter is
functioning properly. .

There are four general types of hydraulic
valve lifter no ise that may be encountered as
follows:

(1) Loud, Hard Rapping Noise. This may
be caused by an insufficient supply of oil to
valve mechanism due to low oil level in crank­
case, defective oil pump, clogged oil passages
or dented oil pipes. If oil supply is satisfactory,
this condition is caused by the valve lifter plun­
ger sticking in bore of lifter bod y so that the
sp r ing' cannot push plunger back to its no~mal

working position. Clean or replace valve hfter
(par. 2-15).

(2) Moderate Rapping or Clicking Noise.
This can be caused by excessive worn valve
stem guide, eccentricity of val ve and seat, or
warped valve. See paragraph 2-17. It also can
be caused by excessive clearance of valve lifter
in crankcase, or by a worn or scored cam. Mod­
erate rapping or clicking also can be caused by
too rapid leakage of oil between lifter body and
plunger.

(3) Intermittent Clicking. This is the most
difficult condition to locate. It can be located
only by listening carefully or feeling with a
finger on each valve spring cap or rocker arm
in su ccession until the click appears and is lo­
cated either by hearing or feeling. This type
of click is almost always caused by a micro­
scopic piece of dirt wh ich keeps circulating
through the lifter and momentarily is caught
between the check valve ball and seat. In rare
cases the ball itself may be out of round or
have a flat spot which upon contacting the seat
permits leakage of oil. Clean or replace the
va lve lifter (par. 2-15).

(4) General Noise Throughout the Valve
Train. This condition, in almost all cases, will
be a definite indication of an insufficient supply
of oil to valve mechansim caused by low oil level
in crankcase, defective oil pump, clogged oil
passages or dented oil pipes.

2 -1 1 HARD STARTING, IMPROPER
PERFORM ANCE, EX CESSIVE FUEL
OR OIL CONSUMPTION

a. Hard Starting, Improper Performance,
Excessive Fuel Consumption

These subjects are covered in Section 3-B.
See paragraph 3-5 for hard starting, paragraph
3-6 for improper engine performance, and para­
graph 3-7 for excessive fuel consumption.

b. Excessive Oil Consumption

If an engine is reported to be using an exces­
sive amount of oil, a thorough inspection should
be made for external leaks and the conditions of
operation should be carefully considered before
assuming that the engine is using too much oil
as a result of an internal condition .

Place clean paper on the floor under engine
and run the engine at medium speed until the oil
is thoroughly warmed up , t hen stop the engine
and check for oil leaks and dripping on the
paper. Inspect both sides and f ront and rear
ends of engine for wet spo t s. Pay particular
attention to rocker ar m cover, push rod cover,
and lower crankcase gaskets. All external leaks
should be corrected and the results noted before
attempting any internal correction.

The conditions of operation have an impor­
tant bearing on oil cons umption. The following
points shou ld be checked.

(1) Improper reading of oil gauge rod. An
erroneous reading will be obtained if car is not
level , gauge rod is not pushed down against
stop, or insufficient drain-back time (1 minute)
is not allowed after stopping engine. An over ­
supply of oil may be ad ded if gauge rod mark­
ings are not underst ood. The space between
arrows represents 2 quarts and space between
adjacent holes r epresents one quart.

(2) Oil too light. The use of oil of lower
viscosity than specified for prevailing t empera­
tures will contribute to exc essive oil consump­
tion.

(3) Cont inuous high speed driving. In any
automobile engine, increased oil consumption
.per mile may be expected at speeds above 60
MPH.

(4) High speed driving f ollowing slow speed
town driving. When a car is used principally for
slow speed town driving under conditions where
considerable crankcase dilution occurs, a rapid
lowering of oil level may occur when the car is
driven for some distance at high speed. This is
because the dilution from town driving is re­
moved by the heat of the high speed driving.
This is a normal cond ition and should not be
mistak en for excessive consumpt ion.

(5) Vacuum pump diaphragm leaking. A
cracked diaphragm in the vacuum pump can
cause excessive oil consumption by permitting
oil to be drawn f rom the crankcase through the
pump and intake manifold into t he combustion
chambers. If the windshield wiper action is
sluggish when the engine is accelerated it indi-
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cates a defective diaphragm. With the wiper
operating, disconnect vacuum pipe at manifold
and hold a piece of clean paper near open end
of pipe. An oily discharge indicates that oil is
passing through the vacuum pump and the dia­
phragm requires replacement.

(6) Val ve Guides and Rocker A rm Oil Baf­
fle. Excessively worn valve gu ides may cause

. excessive oil consumption. An oil baffle is
mounted above the rocker arms to prevent ex­
cessive spraying of oil upon the valve stems
from the rocker arms. If this baffle is removed,
the surplus oil thrown upon the valve stems
will be pulled down into the combustion cham­
ber and lost. Th e baffle is particularly neces­
sary to control oil consumption at this point
during high speed driving.

(7) Piston rings not worn in. A new engine,
or an engine in which new rings have been
installed, will require sufficient running to wear
in the rings to provide proper seating against
the cylinder walls. During the wear-in per iod
a higher than average oil consumption is to be
expected, and no attempt should be made -to
improve oil economy by replacing rings before
the engine has been in service for at least 3000
miles.

2-12 COOLI NG SYSTEM TROUBLE
DIAGNOSIS

a. Exce ssi ve Water Loss

If the cooling system requires frequent addi­
tion of water in order to maintain the proper
level in the radiator, check all un its and con­
nect ions in the cooling system for evidence of
leakage. Inspection should be made with cool­
ing system cold because small leaks wh ich may
show da mpness or dripping when cold can
easily escape detect ion when the engine is hot,
due to the rapid evaporation of the leakage.
Tell-tale stains of grayish-white or rust y color,
or dye stains f rom anti-freeze, at joints in cool­
ing system are almost always sure signs of
small leaks' even though there appear s to be
no dampness.

If the radiator is filled too full when cold,
expansion when hot will overfi ll the radiator
and coolant will be lost through the overflow
pipe. Adding unnecessary water will weaken
the anti-freeze solution and raise the t empera­
t ure at which freezing may occur. To avoid
losses from this cause never fill radiator above
the level line stamped on rear side of head tank.

The use of alcohol anti-freeze with a high
temperature radiator thermostat will cause boil­
ing and loss of coolant t hrough the overflow
pipe.

Air or gas entrained in the cooling sy st em
will raise the level in radiator and cause loss of
coolant through the overflow pipe. Air may be
drawn into the cooling system through leakage
at the water pump seal. Gas may be forced into
the cooling syst em t hrough leakage at the cyl­
inder head gasket even though t he leakage is
not sufficient to allow water to enter the com­
bustion chamber. The following quick check for
air leaks on suction side of pump or gas leakage
f rom engine may be made with a piece of rub­
ber tubing and a glass bottle containing wat er.

1. With cooling system cold, add water to
bring coolant to level line stamped in rear sid e
of radiator head tank.

2. Block open t he filler cap pressure valve, or
use a plain cap, and be sure radiator cap is on
tight. Attach a suitable length of rubber hose
to lower end of over flow pipe.

3. Run engine in neutral at a safe high speed
unt il the temperature gauge stops rising and
re mains stationary ; in other words, until the
engine reaches a constant operating tempera­
ture.

4. Without changing engine speed, put t he
free end of rubber hose into a bottle of water,
avoiding kinks or low bends that might block
the flow of air.

5. Watch for air bubbles in water bottle. A
continuous flow of bubbles indicates that air is
being sucked into the cooling system, or ex­
haust gas is leaking into the cooling system
past the cylinder head gasket.

b . Overheating of Coo ling System

It mu st be remembered t hat the Buick pres­
sure cooling system operates at higher temper­
atures than systems operating at atmospheric
pressure. Depending on the pressure in cooling
system, the temperature of water or perma­
nent t ype anti-freeze may go considerably above
212°F without danger of boiling.
. In a pressure syst em using the bellows type
gas-filled thermostat a high temperature during
the warm-up period is normal. On all Series
40-50 and 1948 Series 70 equ ipped with Syncro­
Mesh Transmission, which use the 7 pound radi­
ator cap, the thermostat may not open until
approximately 180°F is reached. On Series 70
equipped with Dynaflow Drive, which uses the
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13 pound cap and the tube and fin radiator, the
temperature may reach 190°-195°F. These con­
ditions must not be mistaken for overheating.

In cases of actual overheating the following
conditions should be checked:

1. Excessive water loss. See subparagraph b
above.

2. Slipping or broken fan belt (par. 2-27).
3. Radiator air passages clogged with dirt,

bugs, etc.
4. Radiator thermostat stuck in closed posi­

tion (par. 2-28).
5. Restriction in radiator, hoses, or water

jacket passages.
6. Improper ignition timing (par. 10-47).
7. Improper carburetor adjustment (par. 3­

12).
8. Exhaust manifold valve stuck (par. 3-11).
9. Shortage of engine oil or improper lubrica­

tion due to internal conditions.
10. Dragging brakes (par. 8-15).

2-13 ENGINE VIBRATION OR
ROUGHNESS

If unusual vibration or roughness develops
in the operation of a car, test first to determine
whether the condition originates in the engine
or in other operating units. Time will often be
saved by checking the recent history of the car
to find out whether the roughness developed
gradually or became noticeable following an
accident or installation of repair parts.

Vibration is usually most pronounced when
driving at a certain speed. If the engine is run
at the equivalent or critical speed with car
standing and transmission in neutral, the vi­
bration will still exist if the engine, clutch, or
transmission is at fault. By running engine at
the critical speed with the transmission in high
gea r and clutch disengaged, any vibration orig­
inating in the transmission will be eliminated.

If the vibration does not exist during the
tests with car standing still, refer to Diagnosis
of Rear Axle Noises (par. 5-3, 5-4, 5-5) and to
Car Roughness or Vibration (par. 6-12).

If tests indicate that the vibration originates
in the engine or clutch, the following items
should be investigated and corrected as re­
quired.

a. Bent Fan Blades

Fan blades may be bent by accident or by the
objectionable practice of turning the engine by

means of the blades. Vibration caused by bent
blades may be determined by running the en­
gine at the critical speed with the fan belt
temporarily removed.

b. Eng ine Tune Up

An engine which is not properly tuned up
will run rough and vibrate, particularly at
idling and low speeds. A thorough engine tune­
up operation is the proper correction (par.
2-9) .

c. Engine Mountings

Vibration may be caused by broken or de­
teriorated engine mountings, or by mountings
that are loose or improperly adjusted. Adjust
and tighten loose mountings (par. 2-31) or re­
place faulty mountings.

d. Crankshaft Balancer

Loose or broken springs in the crankshaft
balancer will cause a pronounced rattle which
usually becomes noticeable before the condition
is such as to cause vibration in the engine. If
the balancer is damaged by accident in such
manner that the parts cannot function freely,
extreme roughness will be produced which may
eventually cause breakage of the crankshaft if
it is not corrected. A balancer which shows ex­
ternal evidence of damage or which is sus­
pected of being inoperative should be replaced
and the result checked, since it is not possible
to test the balancer in any other way.

e. Unbalanced Connecting Rods or Pistons

Vibration will result if connecting rods or
pistons are installed which are not of equal
weight with all other rods or pistons in engine.
If new parts have recently been installed, these
should be checked to determine whether they
are standard Buick parts or have been altered
in weight by filing, machining, or other repairs.

f . Unbalanced Clutch Assem bly or Flywheel

Engine roughness may be caused by an un­
balanced combination of clutch, flywheel, and
crankshaft even though these units are bal­
anced individually during manufacture. This
may occur if clutch or flywheel is removed ­
without marking them so that they are rein­
stalled in original position, or if new parts are
installed. An unbalanced condition of clutch,
flywheel and crankshaft may be corrected as
described in paragraph 2-34.
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2-14 VALVE LASH ADJUSTMENT

NOTE: Thi s adjustment procedure does not
apply to engines equip ped with hydraulic valve
lifters. It must be used only on engines equipped
for adjustable valve lash. Th ese are identified
by BLUE "Buick Fireball" lettering on the
valve rocker arm cover.

For maximum performance in engines
equipped for adjustable valve lash, it is impera­
tive that the ROAD OPERATING VALVE
LASH BE UNIFORMLY .015" .

Oil, water and engine temperatures must be
stabilized or brought to normal operating tem­
peratures before the valves can be properly a~­

justed for uniform lash. When an engine IS

warmed up by running without load in . the
shop, the oil, water and engine temperatures
level off at different points than those obtained
on the road; therefore, a wider lash adj ust­
ment is r equired in the shop adj us tment .

NOTE: An alcohol base anti-freeze in the
cooling system will boil before the tempera­
tures become properly stabilized when running
engine in th e shop; therefore, such anti-freeze
must be drain ed and th e cooling system filled
with water un til valve lash operation is com­
plet ed, after which the anti-freeze must be re­
installed.

The following procedure must be carefully
followed when adjusting valves in the shop , in
order to obtain the specified road ope rating
lash.

1. Loosen radiator cap to prevent excessive
water temperature build-up. Start engine and
set speed at a minimum of 700 RPM. NOTE:
A lower speed during warm-up will not pro­
vide proper circulation through the engine to
uniformly stabilize th e water tem perature.

2. Run the engine for 20 minutes. This will
bring the oil , water and engine temperatures to
a point where change of lash caused by expan­
sion of engine parts will level off and the lash
will remain fa irly constant for a period of
about 10 minutes. During this time the valve
lash can be checked and adj usted as required.

3. Set engine to idle at 350-400 RPM. Re­
move rocker arm cover and apply a liberal
amount of S.A.E. 10-W oil to all va lve stems.

4. Starting at rear of engine, check the lash
of all va lves with a .017" and an .018" feeler
gauge. The .017" gauge should pass between
the valve stem and rocker arm without stick­
ing, bu t the .018" gauge should not pass
through. CAUTION: Feeler gaug es must be
smooth and straight.

5. Where the lash is either too tight or too
loose, loosen the lock nut and ad just the ball
stud unt il a slight drag is fe lt on a .017" feeler
gauge placed between the valve stem and
rocker arm. Tighten lock nut and recheck lash
with the .017" "go" and .018" "no go" feeler
gauges. See figure 2-20.

6. Set engine idle at 450 RPM, then stop the
engine.
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Figure 2-20-Adjusting Valve Lash

7. Install rocker arm cover, making sure that
gasket is in good cond iti on and properly placed
to prevent leakage of oil. Tighten radiator cap.

2-1 5 IN ITIAL ADJUSTMENT AND
CLEANING OF HYDRAULIC
VALVE LIFTERS

NOTE: Engines equipped with hydraulic
valve lifters are identified by RED "Buick
Fireball" lettering on rocker arm cover. A label
also is placed on the cover, stating- " This En­
uine Equipped with Hydmulic Lifters."

Hydraulic valve lifters eliminate the need
for service adjustment ; however, an initial ad­
justment of hydraulic valve lifters is required
after the valves have been refaced, whenever
the setting of the adjusting ball stud is dis­
turbed for any reason, or whenever valve lifters
are removed and installed.

If the operation of a valve lifter becomes
faulty due to excessive varnish deposits or
presence of dir t it may be disassembled and
cleaned. As long as a valve lifter operates prop­
erly, however, it should be lef t alone. It should
not be disassembled and cleaned when removed
for other work but should be wrapped in clean
paper to avoid entrance of dirt.

a . Initial Adjustment of Hydraulic Valv~

Lifters

The initial adjustment of any hydraulic
valve lift er must be made only when the lifter
is on the camshaft base circle (off the cam) .

1. Crank engine over slowl y until dist ributor
rotor indicates that affected cylinder is in fir ­
ing position, which places both lifters of this
cylinder on the camshaft base circle (off the
cam) , so that either lifter may be adjusted.

2. Turn adjusting ball stud as required until
all play of push rod between lifter and ball stud
is just removed, and there is no lash clearance
in the valve train.

3. Turn adjusting ball stud down exact ly 2
turns. Check to make sure that oil groove on
ball stud is at least half way down in rocker
arm so that it connects with the drilled oil pas­
sage in rocker arm, then tighten the lock nu t .

4. If oil groove on ball stud is not at least
half way down in rocker arm, turn ball stud
down one additional turn (total 3 turns ) and
tighten lock nut. If oil groove is still too high,
it will be necessary to install another push rod
or lifter.

5. When it is necessary to adjust all valve
lifters in an engine, time may be saved by
aligning the "D.D.C. 1-8" mark on flywheel

. with index mark in ti ming hole in flywheel
housing, firs t with No. 1 cylinder and later
with No. 8 cylinder in fir ing position as in di­
cated by position of distributor rotor. Adjust
lifters according to the following table :

-No.1 Cyl. Firing- - No. 8 Cyl. Firing-
Valve No. Va lve Val ve No. Valve

1 #1 Exh. 3 #2 Inlet
2 # 1 Inlet 5 #3 Exh.
4 # 2 Exh. 6 #3 Inlet
7 #4 Inlet 9 #5 Exh.
8 #4 E xh. 10 #5 Inlet

11 # 6 Inlet 13 #7 Exh.
12 #6 Exh. 15 #8 Inlet
14 #7 Inlet 16 # 8 E xh.

RETAINER .

Fillure 2-21-Hydraullc Valve Lifte r, Disassembled

b. Cleaning of Hydraulic Valve Lifter

If it becomes necessary to clean a hydraulic
valve lifter because of dirt or varnish, it is ad­
visable to clean all other lifters at the same
time because it is likely that they may success­
ively become faulty f rom the same cause.
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A hydraulic lifter may be lifted out of crank­
case by inser t ing the slightly bent end of a stiff
wire into the oil hole in push rod seat. If car­
bon formation in bore above lifter prevents
removal , remove the formation with a clean
cloth moistened with a suitable solv ent, using
extreme care to avoid getting solvent or dirt
into the lifter.

Disassemble a hydraulic lifter by removing
the plunger retainer with a screwdriver, then
removing the other parts from the body as
shown in figure 2-21. When a valve lifter has
been in service for a long t ime, the body bore
above the plunger may be caked with hard car­
bon so that the plunger cannot be removed
easily. When this condition exists submerge
valve lifter in a suitable carbon softener for a
time and then remove the carbon with a stiff
bristle brush.

When a hydraulic valve lifter is disassembled
use extreme care to avoid nicking or otherwise
damaging the body and plunger through con­
tact with other parts. Keep the parts of one
lifter separate from all others so that parts will
not be interchanged during assembly. Plungers
are not interchangeable because they are selec­
ti vely fitted to the bodies at the factory.

Wash valve lifter parts in a suitable solvent
to remove all traces of varnish or carbon. Care­
full y inspect surface of plunger and bore of
body for scoring or other damage which would
prevent free movement between these parts. If
such damage exist s the lifter assembly must be
replaced. The assembly must be replaced if the
lower end of body is worn, spalled (small nicks
or indentations) or scored with scratched radial
lin es.

If plunger and body appear satisfactory,
blow off with air to remove all particles of dirt.
Install plunger in body without other parts and
ch eck for free movement. A simple test is to
be sure that plunger will drop of its own
weight in the body.

Assemble valve lifter parts in the order
shown in figure 2-21. Fill lifters with correct
seasonal grade of clean engine oil before in­
stallation in engine. After installation make
initial adjustment as descr ibed in subpara­
graph a abo ve.

2-16 REMOVAL AND INSTALLATION
OF CYLINDER HEAD

CAUTION : On engines equipped with hy­
draulic valve lifters it is extremely important

to avoid getting dirt into these units. When re­
moving and installing cylinder head use every
precaution to keep dirt out of the push rod
compartment above the lifters.

a. Removal of Cylinder Head and Gasket

1. Drain cooling system and disconnect radi­
ator thermostat housing from cylinder head.

2. Remove spark plug cover, disconnect wires
from spark plugs and remove spark plugs.

3. Disconnect temperature gauge tube and
rocker arm oil pipe from cylinder head.

4. Remove air cleaner and disconnect gaso­
line and vacuum pipes from carburetor and
manifold.

5. Disconnect rod from carburetor throttle
lever. Disconnect return spring and equalizer
shaft upper bracket from intake manifold.

6. Disconnect exhaust pipe flange from ex­
haust manifold.

7. Remove rocker arm cover then remove
rocker arm, shaft, and bracket assembly. Lift
out push rods. On some models it may be neces­
sary to remove No. 16 push rod as cylinder
head is removed.

8. Slightly loosen all cylinder head bolts then
remove bolts and lift off cylinder head with
manifolds attached.

9. For removal and installation of intake
and exhaust manifolds, if desired, refer to
paragraph 3-14.

b. Installation of Cylinder Head and Gasket

Installation of cylinder head and gasket is
the reverse of removal procedure, with atten­
tion being given to the following instructions.

Before cylinder head is installed, make cer­
tain that all dirt or carbon is blown out of the
blind tapped bolt holes in cylinder crankcase
so that bolts may be fully tightened without
bottoming in holes. Examine gasket surfaces of
cylinder block and head for nicks or burrs and
for ridges around bolt holes. Dress off all high
metal spots with a good mill file.

On Series 40 engines the cylinder head gas­
ket is Steelbestos, .050" thick. On S eries 50-70
engines, the cylinder head gasket is lacquered
steel .015" thick. Use care when handling this
gasket t o prevent da mage t o the lacquered sur­
face coat and to pr event kinking at the sealing
rings stamped in gasket. The lacquered gasket
should not be coated with any type of sealing
material when installed. Always use a new steel
gasket because the stamped sealing rings are
flattened in a used gasket.
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TORQ UE WRENCH -;

2-17 RECONDITIONING VALVES
a. Cleaning, Refacing and Reseating Valves

After removal of valves and springs from
cylinder head, scrape all carbon from combus­
tion chamber and valves. If wire brushes are
used for cleaning carbon use care to avoid
scratching valve seats and valve faces. Clean
all carbon and gum deposits from valve guides.

Valve faces and valve seats must not be cut
away excessively when using refacing and re­
seating equipment. Only enough metal should
be removed to true up the surfaces and remove
pits.

The valve head will run hotter as its
thickness is decreased. If valve head must be
ground until the outer edge is sharp in order
to clean up the face, the valve should be dis­
carded because the sharp edge will run too hot.

Cutting a valve seat results in lowering the
valve spring pressure and increases the width
of the seat. The nominal width of a valve seat
is .062" (ljI6") . If valve seat is over %-t" wide
after t r uing it should be narrowed by using
the proper 20 degree and 70 degree cutters.

The refacing and reseating operations should
leave therefinished surfaces smooth and true
so that a minimum of lapping with grinding
compound is required. Excessive lapping will
groove the valve face and a grooved valve will
not seat tightly.

Valves usually are tested after refacing and
seating by lightly coating the valve face with
prussian blue and turning the valve against its
seat . This indicates whether the seat is concen-

c. Replacement of Rocker Arm Cover Gasket

Before a new gasket is installed, scrape off
all pieces of old gasket from cylinder head,
wash machined surface with suitable solvent
and wipe it dry.

The valve rocker arm cover gasket should be
cemented to the cylinder head instead of the
cover. When gasket is cemented to the cover it
is more easily damaged when removing or in­
stalling cover.

Apply a heavy coat of thick gasket shellac or
cement to gasket surface of cylinder head, allow
it to dry until quite tacky, then press gasket
down evenly and in proper position on cylinder
head. Install rocker arm cover to hold gasket
in place until cement is thoroughly dry.

Adjust valve lash (par. 2-14) or make initial
adjustment of hydraulic valve lifters (par.
2-15) .

Figure 2-22-Cylinder Head Bolt Wrenches

Always use an accurate torque wrench when
tightening cylinder head bolts, to insure uni­
form and proper torque on all bolts. Uneven or
excessively tightened bolts may distort cylinder
bores, causing compression loss and excessive
oil consumption. A %" Wrench Attachment
KMO 187-1 should be used with the torque
wrench to properly tighten bolts located under
the valve mechanism. See figure 2-22.

Figure 2-23-Cylinder Head Bolt Tig ht ening Sequence

Tighten cylinder head bolts to 65-70 ft. lbs .
torque following the sequence shown in figure
2-23. Note that this sequence follows a "figure
8" pattern starting with the middle bolt on
right hand side. After installation of cylinder
head, particularly with the crimped steel gas­
ket, t ighten all bolts a little at a time in proper
sequence about three times around before final
tightening to 65-70 ft. lbs. torque. After the
engine has been warmed up to operating tem­
perature, recheck bolt s and adjust torque as
required.

_~

I »->: ATTACHMENT (KMO 187-11

Cylinder head bolt holes on manifold (left)
side are open to water jacket; therefore bolts
installed on this side should have threads coated
with sealing compound to avoid water leaks.

On 1948 Series 70 engines, the two bolts
which attach the air cleaner bracket are Vs"
longer than other bolts and heads are marked
"X". If these longer bolts are used elsewhere,
threads may be stripped and the bottoming
bolts will distort cylinder bores.
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tric with the valve guide but does not prove
that valve face is concentric with the valve
stem, or that the valve is seating all the way
around. After making this test, wash all blue
from surfaces, lightly coat valve seat with blue
and repeat the test to see whether a full mark
is obtained on the valve. Both tests are neces­
sary to prove that a proper seat is being
obtained.

b. Replacement of Valve Stem Guides

If valve stem guides are worn to the extent
that replacement is necessary, drive old guides
out with Remover and Replacer J269. When
a new guide is driven into place from top side
of cylinder head the upper end of guide must
extend 1%2" above the top surface of cylinder
head.

Replacement guides must be finish reamed
after installation in cylinder head. Use Valve
Guide Reamer J129-3 to provide .374" to .375"
finished size in both inlet and exhaust guides.

The clearance between inlet valve stem and
guide is .0015" to .0035" (.0025" desired) . The
clearance between exhaust valve stem and
guide is .0021" to .0039" (.003" desired). The
inlet and exhaust valve stems are ground to
proper diameters to provide the different clear-

ances in guides of the same reamed size.
After valve guides have been reamed to size,

true up valve seats so they are concentric with
guides and test for proper seating of valves
(subpar. a, above) .

c. Correct Assembly of Rocker Arms,
Springs, Brackets and Shaft

The rocker arms are mounted on a tubular
steel shaft which is supported upon the cylinder
head by eight brackets attached by bolts and
studs. Springs placed around the shaft between
adjacent rocker arms hold the arms in position
against the brackets. The rocker arm at each
end of shaft is held against the bracket by two
flat washers with a spring washer between, and
a cotter pin. The shaft is prevented from turn­
ing by a pilot screw in the second bracket. See
figures 2-24 and 2-25.

Two different valve rocker arms are used on
each Series 40-50 engine, differing only in the
angle at which the arms extend from the shaft.
Both rocker arms are offset, meaning that arms
extend at an angle other than 90 degrees to
centerline of shaft. Two different offset rocker
arms are used for inlet valves on Series 70 en­
gines, and a third straight (90 deg.) rocker
arm is used for all exhaust valves.

8 7 4 3 2

L..- IDENTIFICATION MARKS ON LOWER SIDE OF ARM ---.J

Figure 2-24-Rocker Arms, Shaft and Brackets-Series 40-50

8 6 5 4 3 2

L- IDENTIFICATION MARKS ON LOWER SIDE OF ARM ----l

Figure 2-25-Rocker Arms, Shaft and Brackets-Series 70
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Identiflcation Marks
lower Upper

o 2 dots

To identify each rocker arm and assist in
installation, an identification mark is formed in
the lower side of bearing boss, and identifica­
tion depressions or dots, or a number, also are
formed in upper side of bearing boss as follows:

2-19 REPLACEMENT OF TIMING CHAIN
AND CRANKSHAFT OIL SEAL

with oil (about 1 minute), stop engine and
immediately tum engine until either No.2 or
No.7 exhaust valve is fully closed.

2. Mount dial indicator to bear against the
valve spring cap of the fully closed exhaust
valve and set indicator at zero. See figure 2-26.

3. On Series 40-50 engine, slowly turn engine
in running direction only until exhaust valve
opens exactly. 145". On Series 70 engine, open
exhaust valve exactly .155". NOTE : It is ad­
visable to remove flywhe el lower housing so
that engine can be turned very slowly by means
of pinch bar applied to flywheel ring gear.

4. Remove timing hole cover. If the "V.D.C.
1-8" mark on flywheel is visible through the
timing hole, the valve and camshaft timing is
correct.

1 dot1

Valve Number Engine
Where Installed Series

1, 3, 5, 7 Inlet. . .. 40-50-70
2,4, 6, 8 Exhaust. 40-50
2, 4, 6, 8 Inlet . . . .40-50-70
1, 3, 5, 7 Exhaust .40-50

X 42 All Exhaust. 70
Figures 2-24 and 2-25 show the proper posi­

tion of each valve rocker arm according to the
lower identification mark. In addition to these
identification marks, attention must be given
to the important differences between rocker
arms and ball studs used with adjustable valve
lash and thos e parts used with hydraulic valve
lifters. See figure 2-10.

2-18 CHECKING VALVE AND
CAMSHAFT TIMING

A timing chain will usually become notice­
ably noisy at idle speed before it has worn to
the extent that valve timing is changed enough
to noticeably affect engine performance. When
it becomes desirable to check valve timing to de­
termine whether the chain has been correctly in­
stalled. it may be done in the following manner.

Figure 2-26-0ial Indicator Set to Check Valve Timing

1. On engine having adjustable valve lash,
adjust valves for .015" road operating lash
(par. 2-14), stop engine and turn until either
No.2 or No.7 exhaust valve is fully closed.

1a. On engine having hydraulic valve lifters,
run engine until lifters are completely filled

a. Replacement of Timing Chain

1. Drain cooling system and remove radiator
core.

2. Remove fan belt and crankshaft balancer.
3. Remove timing gear cover after loosen­

ing two lower crankcase bolts on each side to
avoid damage to gasket.

4. Check the slack in timing chain. Initial
slack in the timing chain when new allows tA."
to %" outward movement under finger pressure
applied midway between points of contact with
sprockets. Permissible slack in a worn chain
can be as high as 1" outward before it is neces­
sary to replace the chain.

5. If chain requires replacement, turn crank­
shaft to align timing marks on sprockets with
timing marks on chain. Each sprocket has a

Figure 2-27-Timing Chain and Sprocket Marks
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punch mark at one space between two teeth.
Two teeth on timing chain, ten links apart,
are marked with copper plated washers. See
figure 2-27.

6. Remove camshaft sprocket which is at­
tached to camshaft by a bolt, lockwasher and
plain washer. The sprocket drives camshaft
through a key pressed into camshaft. Remove
timing chain as sprocket is removed.

7. Thoroughly clean all sludge from timing
gear cover and timing chain compartment.
Make sure that oil drain hole to lower crank­
case is clear.

8. Install new timing chain with camshaft
sprocket, being sure that timing marks on
sprockets and chain are in line as shown in
figure 2-27.

9. Examine crankshaft oil seal in timing
gear cover. If seal is worn or of doubtful con­
dition install a new seal as described in sub­
paragraph b below.

10. Before installation of timing gear cover
coat rubber lip of oil seal with Standard Graph­
ite Grease No.4. When cover is installed make
sure that the two dowel pins are in place in
crankcase to properly locate cover so that the
oil seal will be centered around the hub of
crankshaft balancer.

11. Use care when installing crankshaft bal­
ancer to avoid damage to crankshaft oil seal.
Complete the installation of parts and adjust
fan belt tension (par. 2-27).

b. Replacement of Crankshaft Oil Seal

The crankshaft oil seal is pressed into a re­
cess in timing gear cover and a gasket is used to
prevent leakage around the seal. See fig­
ure 2-28.

Figure 2-28-Crankshaft Oil Seal and Gasket

1. Drive old seal out with a punch, using
care not to distort timing gear cover. Remove
old gasket and wipe all dirt out of recess.

2. Place a new gasket in recess, and place
new oil seal in position over recess, with the
spring side outward.

3. Drive oil seal into recess and tight against
the gasket, using Oil Seal Driver J .1870. See
figure 2-29.

4. Examine hub of crankshaft balancer for
burrs which would damage the oil seal and for
grooving from contact with oil seal. If hub is
grooved, oil leakage may be expected even with
a new seal. A slightly grooved hub may be re­
finished, however, if deeply grooved the bal­
ancer should be replaced to insure proper con­
tact of hub with oil seal.

Figure 2-29-lnstalling Crankshaft Oil Seal

2-20 CAMSHAFT BEARINGS AND
END PLAY

The camshaft is supported in five steel­
backed babbitt-lined bearings which
are pressed into the cylinder crankcase. The
camshaft bearings must be line reamed to size
after being pressed into the crankcase. Since
this operation requires special reaming equip­
ment the original bearings should be retained
unless severely damaged.

Slightly scored camshaft bearings will be
satisfactory if the surface of camshaft journals
are polished and bearings are cleaned up to re­
move burrs, and the fit of shaft in bearings is
free and within the clearance limits of .0005"
to .0035".

Camshaft end play is controlled by a spacing
ring located between the camshaft front bear­
ing journal and a thrust plate attached to
crankcase behind the camshaft sprocket. The ,
spacing ring provides clearance or end play of
.004" to .008" when the camshaft sprocket is
tightened aginst it by the sprocket bolt.

IMPORTANT. When a new camshaft is in­
stalled make certain that it is the correct part
for the type of valve mechanism in the en­
gine. Use of a camshaft designed for plain
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.leeve lifters in an engine equipped with hy­
lraulic valve lifters, or vice-versa, will result
n extremely rough and noisy engine operation.

Camshafts for hydraulic lifters are identified
by a machined cut, %" wide and 60 % of cir­
cumference, located between No.6 and 7 cams.
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2-21 ADJUSTMENT OR REPLACEMENT
OF CONNECTING ROD BEARINGS

In all 1948 engi nes and in approximately
5,000 engines used at start of 1949 production,
the connecting rods have bearings cast and
bonded directl y to rod and cap, and solid shims
are provided for adjustment. Replacement of
bearings requires replacement of connecting \
rods. Later 1949 engines are equipped with con­
necting rods having replaceable precision bear­
ings, and shims are not used. Bearings may be
replaced without removal of connecting rods.
Service bearings are furnished in standard size
and several undersizes, including undersizes for
reground crankshafts.

a. Inspection of Connecting Rod Bearings
a nd Crankpin j ournals.

After removal of lower crankcase, disconnect
two connecting rods at a time from crankshaft
and inspect the bearings and crankpin jour­
nals. While turning crankshaft it is necessary
to tempora rily re-connect the rods to crank­
shaft to avoid possibility of damaging the jour­
nals through contact with loose rods.

If connecting rod bearings are chipped,
scored, or worn nearly through the babbitt lin ­
ing they should be replaced. If bearings are of
cast type it is necessary to replace the connect­
ing rods by removal of rod and piston assem­
blies (par. 2-23). Precision type bearings may

be replaced without removing connecting rods
(subpar. c below).

If crankpin journals are scored or ridged the
crankshaft must be replaced, or reground for
undersize bearings, to insure satisfactory life of
connecting rod bearings. Slight roughness may
be polished out with fine grit polishing cloth
thoroughly wetted with engine oil. Burrs may
be honed off with a fine oil stone.

Use an outside micrometer to check crank­
pins for out-of- round. If crankpins are more
than .001 5" out of round, a proper adjustment
of connecting rod bearings or satisfactory life
of new bearings cannot be expected.

b. Adjustment of Cast Type Connecting
Rod Bearings

In adjusting a cast type connecting rod bear­
ing the only method to be used is the removal
of shims which are provided for this purpose.
Under no circumstance should connecting rod
bearing caps be filed to adjust for wear in old
bearing s.

1. Remove one shim at a time (alternately
from each side) reinstall cap and tighten bolts.
Test the adjustment by rocking crankshaft or
by moving rod back and forth on crankpin as
allowed by end clearance. NOTE : A ridge is
formed on edge of cap and a boss is formed on
web of rod above th e bearing. These marks
must be toward rear of engine when cap is in­
stalled.



2-34 BEARINGS ENGINE (56)

2. When enough shims have been removed to
produce a slight drag, then install 3 additional
shims, equalizing the number of shims on each
side as near as possible.

3. Tighten connecting rod bolts to 40-45 ft.
lbs. torque on Series 40-50 engine, or to 60-65
ft. lbs. torque on Series 70 engine. Tighten Pal­
nuts just enough to lock securely.

4. After bearing adjustment is completed,
move rod back and forth on crankpin as al­
lowed by end clearance. If rod does not move
freely a misaligned rod is indicated.

c. Checking Clearance and Replacement of
Precision Type Connecting Rod Bearings

A connecting rod bearing consists of two
halves or shells which are alike and interchange­
able in rod and cap. When the shells are placed
in rod and cap the ends extend slightly beyond
the parting surfaces so that when rod bolts are
tightened the shells will be clamped tightly in
place to insure positive seating, and to prevent
turning. The ends of shells must never be filed
flush with parting surface of rod or cap.

o If a precision type connecting rod bearing
becomes noisy or is worn so that clearance on
crankpin is excessive, a new bearing of proper
size must be selected and installed since no pro­
vision is made for adjustment. Under no cir­
cumsiamces should th e connecting rod or cap be
filed to adjust the bearing clearance.

The clearance of connecting rod (and crank­
shaft) bearings may be checked by use of PIas­
tigage, Type PG-1 (green). which has a range
of .001" to .003". Plastigage is manufactured
by Perfect Circle Corporation, Hagerstown,
Indiana, and is available through automotive
jobbers. 0

1. Remove connecting rod cap and wipe oil
from bearing and crankpin journal, also blow
out of hole in crankshaft. NOTE: Plaetuuuie is
soluble in oil.

2. Turn crankshaft so that crankpin being
checked is approximately 30 degrees before bot­
tom dead center. In this position the clearance
will be checked at point of least clearance if
crankpin is worn out of round, and the Plasti­
gage will not be at oil hole in crankshaft.

:~. Place a piece of Plastigage lengthwise
along the bottom center of the lower bearing
shell (fig. 2-30, view A), then install cap.
T ighten bolts to 40-50 ft. Ibs. torque on Series
40-50 engine, or to 60-65 ft. Ibs. torque on
Series 70 engine. NOTE: A ridqe formed on
edge of cap and a boss formed on web of rod

above the bearing must be in line and toward
rear of engine when cap is installed.

4. DO NOT TURN CRANKSHAFT with
Plastigage in bearing.

5. Remove bearing cap. The flattened Plasti­
gage will be found adhering to either the bear­
ing shell or the crankshaft. Do not remove it.

B-FlATTENED.

o Figure 2-30-Checking Bearing Clearance with Plastigage

6. Using the scale printed on the Plastigage
envelope, measure the width of the flattened
Plastigage at its widest point. The number
within the graduation which most closely cor­
responds to the width of Plastigage indicates
the bearing clearance in thousandths of an
inch. See figure 2-30, view B.

7. The desired clearance with a new bearing
is .0008" to .0015". If bearing has been in serv­
ice it is advisable to install a new bearing if
the clearance exceeds .002"; however, if bear­
ing is in good condition and is not being checked
because of bearing noise, it is not necessary to
replace the bearing.

8. If a new bearing is being selected, try a
standard size, then each undersize bearing in
turn until one is found that is within the speci­
fied limits when checked for clearance with
Plastigage. NOTE: Each undersize bearing
shell has a number stamped on outer surface on
or nem' the tan!] to indicate amount of under­
size.

9. After the proper size bearing has been
selected, clean off the Plastigage, oil the bear­
ing thoroughly and reinstall cap. Tighten con­
necting rod bolts to 40-50 ft. Ibs. torque on
Series 40-50 engine, or to 60-65 ft lbs. torque
on Series 70 engine. Tighten Pal-nuts just
enough to lock securely.

10. With selected bearing installed and bolts
tightened, it should be possible to move con­
nect ing rod freely back and forth on crankpin
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as allowed by end clearance. If rod cannot be
moved, either the bearing is too much under ­
size or a misaligned rod is indicated.

2-22 REPLACEMENT OF CRANKSHAn
BEARINGS

Crankshaft bearings are the precision type
which do not require reaming to size or other
fitting. Shims are not provided for adjustment
since worn bearings are readily replaced with
new bearings of proper size. Bearings for serv­
ice replacement are furnished in standard size
and several undersizes.

Under no circumstances should crankshaft
bearing caps be filed to adjust for wear in old
bearings.

A crankshaft bearing consists of an upper
and a lower half or shell. These are not inter­
changeable since the lower shell has a short oil
groove and the upper shell has full length oil
groove across the middle and an oil hole . When
the shells are placed in crankcase and bearing
cap the ends extend slightly beyond the parting
surfaces so that when cap bolts are tightened
the shells will be clamped tightly in place to
insure positive seating, and to prevent turning.
The ends of shells must never be filed flush with
parting surface of crankcase or bearing cap.

a. Inspection of Crankshaft Bearings and
Crankshaft

After removal of lower crankcase, oil pump
and flywheel lower housing, perform the fol­
lowing removal, inspection and installation
operations on each crankshaft bearing in turn
so that the crankshaft will be well supported
by the other bearings.

1. Since any service condition which affects
the crankshaft bearings may also affect the
connecting rod bearings, it is advisable to in­
spect connecting rod bearings first (par. 2-21) .
If crankpins are worn to the extent that crank­
shaft should be replaced or reground, r eplace­
ment of crankshaft bearings only will not be
satisfactor y.

2. Remove one bearing cap, then clean and
inspect lower bearing shell and the crank­
shaft journal. If journal surface is scored or
ridged, the crankshaft must be replaced or re­
ground to insure satisfactory operation with
new bearings. Slight roughness may be pol­
ished out with fine grit polishing cloth thor­
oughly wetted with engine oil, and burrs may
be honed off with a fine stone.

3. If condition of lower bearing shell and
crankshaft journal is satisfactory, check the
bearing clearance with Plastigage as described
for precision type connecting rod bearings in
paragraph 2-21 (c) .

4. When checking a cran ksha f t bearing
with Plastigage, turn crankshaft so that oil
hole is up to avoid dripping of oil on Plasti­
gage. Place paper shims in bearing caps of
adjacent bearings and tighten cap bolts to take
the weight of crankshaft off the lower shell of
bearing being checked. Tighten cap bolts to
90-100 ft. lbs . torque. NOTE : Arrow on cap
must point to front of engine.

5. If the bearing clearance exceeds .002", it
is advisable to install a new bearing; however,
if bearing is in good condit ion and is not being
checked because of bearing noise, it is not nec­
essary to replace the bearing.

b. Selection and Installation of a New
Crankshaft Bearing

1. Loosen all crankshaft bearing cap bolts
% turn, and remove cap of bearing to be
replaced.

2. Remove upper bearing shell by inserting
a suitable tool in crankshaft oil hole and turn­
ing crankshaft to pu sh shell out. Tools for this
purpose are available thr ough automotive job­
bers. If a tool is not ava ilable, a Vs" x 1%" cot­
ter pin with ends bent t o lie flat against crank­
shaft journal may be used. CAUTION: When
turning crankshaft with rear bearing cap re­
moved hold oil seal to prevent it from rotating
out of position in crankcase.

3. The crankshaft jour nal cannot be meas­
ured with an outside micrometer when shaft is
in place ; however when upper bearing shell is
removed the journal may be checked for out­
of-round by using a special crankshaft caliper
and inside micrometer. The caliper should not
be applied to journal in line with the oil hole.

If crankshaft journal is more than .0015"
out-of-round, the crankshaft should be re­
placed or reground for undersize bearings
since the full mileage cannot be expect ed from
bearings used with an excessively out-of­
round crankshaft.

4. Before installation of bearing shells make
sure that crankshaft journal and bearing seats
in crankcase and cap are thoroughly cleaned.

5. Coat inside surface of upper bearing
shell (full length oil groove) with engine oil
and place shell against crankshaft journal so
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that tang on shell will engage notch in crank­
ca~e when shell is rotated into place.

6. Rotate bearing shell into place as far as
possible by hand, then insert suitable tool in
crankshaft oil hole and rotate crankshaft to
push shell into place. CAUTION: Bearing shell
should move into place with very little pres­
sure. If heavy pressure is required, shell was
not started squarely and will be distorted if
forced into place.

7. Place lower bearing shell (short oil groove)
in bearing cap, then check bearing clearance
with Plastigage as previously described.

8. The desired clearance with a new bearing
is .0008" to .0015". If this clearance cannot be
obtained with a standard size bearing, insert
an undersize bearing and check clearance
again with Plastigage. NOTE: Each undersize
bearing shell has a number stamped on outer
'surface on or near the tang to indicate amount
of undersize.

9. When the proper size bearing has been
selected, clean out all Plastigage, oil the lower
shell and reinstall bearing cap. Tighten cap
bolts to 90-100 ft. lbs. torque. The crankshaft
should turn freely at flywheel rim; however, a
very slight drag is permissible if the .002"
undersize bearing is used.

10. After bearing is installed and tested,
loosen all bearing cap bolts Y2 turn and con­
tinue with other bearings. When all bearings
have been installed and tested, tighten all bear­
ing cap bolts to 90-100 ft. lbs. torque.

c. Installation of Rear Bearing Oil Seals

The rear crankshaft bearing is sealed against
external leakage of oil in the following manner.

(l) An oil slinger machined on the crank­
shaft rotates in a groove formed in crankcase
and bearing cap just to rear of the rear crank­
shaft bearing. This oil collecting groove drains
back into the crankcase.

(2) Braided fabric seals are pressed int o
grooves formed in crankcase and bearing cap
to rear of the oil collecting groove. See figure
2-31.

(3) Cork seals are located at the vertical
joints between the bearing cap and the crank­
case.

The braided fabric seal can be installed in
crankcase only when crankshaft is removed;
however, the seal can be replaced in cap when­
ever cap is removed. Remove old seal and place
new seal in groove with both ends projecting
above parting surface of cap. Force seal into
groove by rubbing down with hammer handle
or smooth wood stick until seal proj ects above
the groove not more than 1!J.6". Cut ends off
flush with surface of cap, using sharp knife or
razor blade. See figure 2-31. CAUTION: The
engine must be operated at slow speed when
first started after new braided seal is installed .

CUT ALL ENDS OF SEALS
SQUARE AND FLUSH

\

(FA BRICl

Flgur. 2-31-Rear Bearing Oil Seal s

The cork seals are slightly longer than
grooves in bearing cap. Coat grooves with gas­
ket cement and when t his is tacky carefully
work seals into grooves with a putt y knife.
Lightly compress seals into grooves by placing
cap in a vise for a few minutes. Cut ends of
seals square and flush with machined surfaces of
bearing cap and coat outer surfaces with vase­
line before installing cap in crankcase.

d. Installation of Oil Pump and Lower
Crankcase

1. Install oil pump, following procedure given
in paragraph 2-30 to avoid binding.

2. Thoroughly clean lower crankcase and fly­
wheel lower hous ing. Install both parts with
new gaskets.

3. When connecting steering tie rod to pit­
man arm be careful to properly seat the bear­
ings around ball stud. Make sure that the
pressed steel dust cover properly covers open­
ing around ball stud. Turn tie rod plug up solid
then back off two turns and install cotter pin.
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2-23 REPLACEMENT OF PISTONS,
RINGS, AND CONNECTING RODS

a. Removal and Disassembly of Piston and
Rod Assemblies

1. Remove cylinder head (par. 2-16), dis­
connect tie rod from pitman arm and remove
lower crankcase, remove oil pump.

2. Examine the cylinder bore above the ring
travel. If bore is worn so that a shoulder or
ridge exists at this point, remove the ridge with
a ridge reamer to avoid damaging rings or
cracking ring lands in piston during removal.
Chamfering at 15 degrees angle will prevent
ring damage when pistons are reinstalled. See
figure 2-32.

Figure 2-32-Removing Ridge from Cylinder Bore

3. Remove caps and push piston and con­
necting rod assemblies out of cylinders, using
care to prevent rod bolts from contacting and
nicking crankshaft journals. Make sure that
connecting rods and pistons are properly num­
bered so that they can be reinstalled in original
locations. It is advisable to reinstall caps on
rods to avoid mixing parts or misplacing shims.

4. Remove Flex-Fit oil rings, then remove
other rings from pistons. Rings may be removed

Figure 2-33-Removing Pisto n Ring

without danger of distortion or breakage by use
of Ring Remover KMO 297-E (Series 40-50) or
KMO 297-D (Series 70). See figure 2-33.

5. Remove the piston pin clamp screw. Do
not clamp the connecting rod in a vise for this
operation as the rod may be twisted out of
alignment if clamp screw is very tight or vise
jaws are not square. After removal of clamp
screw, tap the piston pin through rod and
piston with a fibre or brass drift; a hard steel
punch may damage the parts.

b. Inspection of Cylinder Bores

Engines are marked in production with color
codes to indicate exact diameters of cylinder
bores and pistons to aid in selective fitting of
pistons on the assembly line. Code markings
are placed on cylinder crankcase lower flange
opposite each cylinder bore and on bosses inside
the pistons. These color codes have no value in
service since replacement pistons cannot be
supplied according to color codes and usually
some change has taken place in cylinder bore
dimensions after the engine has been in service
for some time.

Inspect cylinder walls for scoring, roughness,
or ridges which indicate excessive wear. Check
cylinder bores for taper and out-of-round by
means of an accurate cylinder gauge placed at
top, middle, and bottom of bore both parallel
and at right angle to center line of engine. See
figure 2-34. The diameter of cylinder bore at
any point may be measured with an inside
micrometer, or by setting the cylinder gauge

Figure 2-34-Checking Cylinder lore with Gauge
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dial at "0" and measuring across the gauge con­
tact points with outside micrometer while
gauge is at the same "0" setting.

If a cylinder bore is moderately rough or
slightly scored but is not out-of-round or ta­
pered, it usually is possible to remedy the con­
dition by honing the bore to fit a standard serv­
ice piston, since standard service pistons are of
high limit diameters. If cylinder bore is very
rough or deeply scored, however, it may be
necessary to rebore the cylinder and fit an over­
size piston in order to insure satisfactory re­
sults.

If cylinder bore is tapered .005" or more, or
is out-of-round .003" or more, it is advisable to
rebore for the smallest possible oversize pistons
and rings. With this amount of bore wear, some
piston wear has usually taken place so that the
total clearance in the ring travel will be suffi­
cient to produce noisy piston operation.

c. Inspection of Pistons, Rings and Pins

Clean carbon from piston surfaces and under
side of piston heads. Clean carbon from ring
grooves with suitable tool and clean out oil
holes in oil ring grooves. Remove any gum or
varnish from piston skirts with suitable solvent.

Carefully examine pistons for rough or scored
bearing surfaces, cracks in skirt or head,
cracked or broken ring lands, chipping or un­
even wear which would cause rings to seat im­
properly or have excessive clearance in ring
grooves. Damaged or faulty pistons should be
replaced.

The pistons are cam ground, which means
that the diameter at right angle to piston pin
is greater than the diameter parallel to piston
pin. When a piston is checked for size it must
be measured with a micrometer applied to skirt
at points exactely 90 degrees to piston pin. See
figure 2-35. Measurements should be made at
top and bottom ends of skirt; the diameter at

Figure 2-35-Measuring Piston with Micrometer

top end will normally be very slightly less than
at bottom end after a piston has been in service
in an engine.

Inspect bearing surfaces of piston pins and
check for wear by measuring worn and unworn
surfaces with micrometers. Rough or worn pins
should be replaced. Test fit of piston pins in
piston bosses. Sometimes pins will be found
tight due to gum or varnish deposits. This may
be corrected by removing the deposit with a
suitable solvent.

If piston bosses are worn out-of-round or
oversize and the piston is otherwise satisfac­
tory for service, the bosses and connecting rods
may be honed or reamed for oversize piston
pins which are furnished for service. Piston
pins must fit pistons with an easy finger push
fit at 70°F.

Examine all piston rings for scores, chips, or
cracks, and for tensions as compared with new
rings. Place all rings except Flex-Fit rings in
cylinder bores at lower end of ring travel and
check gaps, which are normally .010" to .020".
If gaps are excessive it indicates that rings
have worn considerably and should be replaced.

d. Reboring Cylinders and Fitting
New Pistons

If one or more cylinder bores are rough,
scored, or worn beyond limits prescribed under
Inspection of Cylinder Bores (subpar. b) , it
will be necessary to smooth or true up such
bores to fit new pistons.

If relatively few bores require correction it
will not be necessary to rebore all cylinders to
the same oversize i~ order to maintain engine
balance, since all over-size service pistons are
held to the same weights as standard size pis­
tons. If conditions justify replacement of all
pistons, however, all new pistons should be the
same nominal size .

Standard size service pistons are high limit
or maximum diameter; therefore, they can
usually be used with a slight amount of honing
to correct slight scoring or excessive clearances
in engines having r elatively low mileage. Serv­
ice pistons are also furnished in .005", .010" ,
.020" and .030" oversizes. All service pistons
are diamond bored and selectively fitted with
piston pins; pistons are not furnished without
pins.

No attempt should be made to cut down over­
size pistons to fit cylinder bores as this will
destroy the surface treatment and affect the
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PLACE FEElER GAUGE HERE

Figure 2-36-Position of Feeler Gauge for Checki ng Fit of Piston

sufficient to produce a variation of .0005".
The high and low limits on clearance of pis­

tons in cylinders at 70° F. are given in the fol­
lowing table. The clearance should be measured
with two feeler gauges of "Go" and "No Go"
thicknesses specified in the table:

)

Series

Occasionally an engine which has been r e­
bored will continue to use oil excessively after
sufficient mileage has accumulated to break in
new rings. This indicates that cylinder bores
were not finished as smoothly as requi red. The
r ings will polish the cylinder wall but will be
worn excessively in doing so. Installat ion of a
new set of rings will frequently correct such
cases; however, the cylinder bores should not

Feeler Gauges
Clearance Limits uGo" "No Go"

.0018" to .0024" .0015" .002"

.0020" to .0026" .0015" .002"
Feeler gauges should be approximately 12"

long and 1!2" wide, except that the "Go" gauge
should be %," wide, if obtainable, since this
width gives a more sensitive test of clearance.
Feeler gauges mu st be free of dents, burrs and
rough edges.

Wipe pistons and cylinder walls clean and
dry, then wet pistons and cylinders with pene­
trating oil, which will materially aid in deter­
mining fits with feeler gauges.

Suspend the specified "Go" feeler gauge full
length in cylinder bore at point 90 degrees to
centerline of engine, then insert piston into
bore with head downward and piston pin paral­
lel to centerline of engine. See figure 2-36. The
piston should move downward the length of
cylinder by its own weight when tested with
the "Go" feeler gauge. Repeat the test using
the specified "No Go" feeler gauge; the piston
should fit closely enough so that it will not
move downward by its own weight.

40-50
70

weight. The smallest possible oversize service
pistons should be used and the cylinder bores
should be honed to size for proper clearances.

Before the honing or reboring operation is
started, measure all new pistons with microm­
eter contacting at points exactly 90 degrees to
piston pin (fig. 2-35) then select the smallest
piston for the first fitting. The slight variation
usually found between pistons in a set may
provide for correction in case the first piston is
fitted too free.

If a rebore job is required, a boring bar of
the fly cutter type is recommended. When r ebor ­
ing the cylinders, all crankshaft bearing caps
must be in place and tightened to proper torque
to avoid distortion of bores in final assembly.
After reboring it is always advisable to polish
cylinder bores with crocus cloth, to eliminate
excessive wear on pistons and rings.

If cylinder bores are to be honed, use clean
sharp stones of proper grade for the amount of
metal to be removed. Dull or dirty stones cut
unevenly and generate excessive heat. When
using coarse or medium grade stones use care
to leave sufficient metal so that all stone marks
may be removed with the fine stones used for
finishing. The final honing must be done with
the finest grade of stones and the cylinder walls
must be polished with crocus cloth to produce
a very smooth finish.

It is of the greatest importance that re­
finished cylinder bores are trued up to have not
over .0005" out-of-round or taper. Each bore
must be final honed to remove all stone or
cutter marks and provide a smooth surface.
During final honing, each piston must be fitted
individually to the bore in which it will be
installed and should be marked to insure cor­
rect installation.

After final honing and before the piston is
che cked fo r fit , each cylinder bore must be
thoroughly wash ed to remove all traces of ab­
rasive and then dr ied thoroughly. The dry bore
should then be br ushed clean with a power­
driven fibre brush. If all traces of abrasive are
not removed, rapid wear of new pistons and
rings will result.

Both the piston and the cylinder block must
be at the same temperature of approximately
70 ° F . when the piston is checked for fit in
cylinder bore; therefore the cylinder should be
allowed to cool after boring or honing and be­
fore the piston fit is checked . This is important
because a difference of 10° F . between parts is
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be honed to remove glaze when the second set
of rings is installed.

e. Fitting New Piston Rings
When new piston rings are installed without

reboringcylinders, the glazed cylinder walls
should be slightly dulled, but without increas­
ing the bore diameter, by means of the finest
grade of stones in a cylinder hone.

New piston rings must be checked for clear­
ance in piston grooves and for gap in cylinder
bores; however, the Flex-Fit rings are not
checked for gap. The cylinder bores and piston
grooves must be clean, dry and free of carbon
and burrs.

Check the clearance of each ring in its piston
groove by installing the ring and then inserting
feeler gauges under the ring. Any wear that
occurs in the piston groove forms a step or
ridge at inner portion of the lower land. If
gauges are inserted above the ring, the ring
may rest on the step instead of on the worn
portion of the lower land, and a false measure­
ment of clearance will result.

If the piston grooves have worn to the ex­
tent that relatively high steps or ridges exist on
the lower lands, the piston should be replaced
because the steps will interfere with the opera­
tion of new rings and the ring clearances will
be excessive. Piston rings are not furnished in
oversize widths to compensate for ring groove
wear.

Piston rings should have not less than .0015"
nor more than .004" clearance in piston
grooves.

To check the gap of rings other than Flex­
Fit, place the ring in the cylinder in which it
will be used, square it in the bore by tapping
with the lower end of a piston, then measure the
gap with feeler gauges. Piston rings should not
have less than .010" gap when placed in cylin­
der bores. If gap is less than .010", file the ends
of rings carefully with a smooth file to obtain
proper gap.

f. Assembly and Installation of Piston and
Connecting Rod Assemblies

1. Connecting rods may be sprung out of
alignment in shipping or handling, therefore,
they must always be checked before pistons are
installed. Clamp a new piston pin in upper end
of connecting rod and test the rod for twist
and bend, using an accurate connecting rod
aligning fixture. See figure 2-37. Bend or twist
the rod if necessary, to secure proper align­
ment.

Figure 2-37-Checking Connecting Rod Alignment

2. Install the piston and pin on connecting
rod with the hollow side of piston head on same
side as the small oil hole in rod. Tighten the
piston pin clamp bolt securely. Do not clamp
the rod in a vise for this operation as the rod
may be sprung out of alignment when tighten­
ing clamp bolt, or if vise jaws are not square.

3. Check alignment of rod and piston in the
connecting rod aligning fixture. See figure 2-38.

4. Install channeled oil ring in third groove
and compression rings in second and first
grooves of each piston. Be sure to place the
grooved or beveled side of compression rings

Figure 2-38-Checking Connecting Rod and Piston Alignment
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toward top of piston. To avoid distortion of
rings use Ring Remover and Installer KMO
297-D for Series 40-50, or KMO 297-E for
Series 70. See figure 2-33.

5. Make sure that cylinder bores, pistons,
connecting rod bearings and crankshaft jour­
nals are absolutely clean, then coat all bearing
surfaces with engine oil.

r----COMPRESSOR AT TO P
O F SKIRT AND ALL
RINGS PRO PERLY
LOCATED IN RING
GROOVES

Figure 2-39-Rings Held in Place by Compressor

6. Before installation of each piston and rod
assembly in cylinder bore, carefully place the
Flex-Fit oil ring in the bottom groove and com­
press it with a tapered sleeve ring compressor
of proper size. Make sure that inner surface of
compressor is clean, smooth and free of burrs.
The compressor must be pulled toward top of
piston to compress the Flex-Fit ring as well as
the other piston rings. See figure 2-39.
NOTE: Turn each ring so that gap is not in line
w ith gap of any other ring. Always locate the
open end of compressor diametrically opposite
the open end of Flex-Fit ring. If ring and com­
pressor openings coincide, the ring ends will
squeeze out and hang up on cylinder bore.

7. Insert rod and piston assembly into cylin­
der bore with hollow side of piston toward cam-

shaft. With ring compressor resting squarely
on top of cylinder crankcase, snap the piston
down into bore by using the thumbs as shown in
figure 2-40. An alternate method is to grip the
compressor firmly as if to close the gap, then
lightly tap the piston down with a hammer
handle. If the piston does not enter cylinder
bore without excessive force, remove the as­
sembly and check for the cause.

8. Adj ust connecting rod bearings as de­
scribed in paragraph 2-21.

9. Install cylinder head (par. 2-16), oil
pump (par. 2-30) and lower crankcase.

10. When connecting steering tie rod to pit­
man arm, be careful to properly seat the bear­
ings around the ball stud and make sure that
the pressed steel dust cover properly covers
opening around ball stud. Turn tie rod plug up
solid then back off two turns and install cot­
ter pin.

IMPORTANT : After installation of new pis­
tons and ring s, care should be used in starting
th e engine and in running it for the first hour.
A void high speeds until the parts have had a
reasonable amount of break-in so that scuffing
will not occur.

Figure 2-40-Snapping Piston into Cylinder Bore
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2-24 FILLING COOLING SYSTEM

An engine should never be run with the cool­
ant level so low as to cause coolant to boil out
of the radiator as damage to the engine will re­
sult. It is unnecessary and undesirable, how­
ever, to remove the radiator cap and check the
coolant level whenever the car stops at a filling
station for gasoline or oil, since the engine is
usually hot at such times.

The coolant level may be considered correct
so long as the temperature gauge stays within
the operating range marked on dial face . Nor­
mal temperature readings will be from 1600 to
200 0

, but in extremely hot weather the reading
may go as high as 212 0 without affecting the
efficiency of the engine or being an indication
of overheating. It must be remembered that in
the Buick pressure cooling system water boils
at a higher t emperature than at atmospheric
pressure. The following table shows the boiling
points with different coolants.

Water & Water &
Permanent Type Methanol Type

Anti-Freeze Alcohol
Protection Protection

Waler _200 F. _200 F.

Atmospheric
Pressure 212°F. 221°F. 178°F.

7 lb.zsq. in . Cap . 230 0 F . 247.5 0 F. 202.7 0 F.
13 lb ./sq. in. Cap 243 0 F . 260 0 F. 212 0 F.

The coolant level should be checked when the
engine is cold and only enough water should

be added to bring the level to the line marked
"Filling Level Cold" stamped about 1114" below
top of head tank on r ear side. CAUTION :
Radiator cap should not be removed when en­
gine is HOT because releasing the pressure
may cause the cooling system to boil, w ith re­
sultant loss of water or anti-freeze solution.
Filling radiator when hot, or filling above the
level line, may cause loss of coolant through
the overflow pipe.

If it is necessary at any t ime to r emove the
radiator cap when the cooling system is hot,
do not remove the cap quickly . Rotate the cap
counterclockwise until a stop is reached. In this
position, pressure and vapors will escape
through the overflow pipe. Leave cap in this
position until all the pressure has been re­
leased, then turn cap forcibly past the stop and
remove. Unless this precaution is used, the cool­
ant may boil when pressure is released and
some of it may be ejected from the filler neck
of the radiator, causing injury to persons or
damage to the car finish.

Never pour cold water into the radiator when
coolant is extremely low and the engine hot .
Such a sudden change in temperature may re­
sult in cracking the water jackets. It is ad­
visable to allow the hot engine to cool for ten
or fifteen minutes before adding cold water,
then run engine at idle while slowly adding
water.
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2-25 FLUSHING COOLING SYSTEM AND
USE OF RUST PREVENTATIVES

a. Draining and Flushing

It is advisable to drain and flush the engine
cooling system twice a year. This should be
done when the anti-freeze solution is added in
the fall and again when it is removed in the
spring.

To completely drain the cooling system, loosen
the radiator cap and open the drain cocks lo­
cated on right side of cylinder block at rear
and in the radiator lower tank. If the car is
equipped with a heater, this should be drained
also by disconnecting both hoses at the heater
core.

Flushing with clean water is helpful in get­
ting rid of fine rust which remains in suspension
when agitated. In the simplest method of flush­
ing the cooling system, the drain cocks and
heater control valve are opened and, with the
engine running at low speed, the radiator is
kept filled by a stream of water from a hose
inserted in radiator filler neck. The objection
to this method is that cold water from the hose
may close the thermostat and prevent thorough
flushing of the water jacket. A more positive
method is to fill the cooling system with clean
water, run the engine long enough to open the
thermostat for complete circulation through the
system, then completely drain the cooling sys­
tem before sediment has a chance to settle.

For the most complete removal of loose rust
from radiator and water jacket , pressure flush­
ing with an air-and-water gun (such as Radia­
tor Flusher J 708A) may be used. When using
this method, remove both radiator hoses and
the radiator thermostat, then reverse flush the
radiator and the engine separately.

Do not use cleaning chemicals which loosen
scale unless the cooling system is reverse­
flushed after use because loosened scale will
plug the radiator water passages.

b. Use of Rust Preventatives

Buick strongly recommends the use of rust
preventatives such as Cooling System Rust Pre-

. ventat ive, Group 8.878 Part #980640, which
is available through Buick Parts Warehouses.
In addition to keeping the cooling system free
from rust this preparation is also effective in
eliminating a squealing noise which sometimes
develops in water pump at slow idle speed.

Rust preventative should be added to the
coolant of all new cars during the initial serv-

icmg, and this treatment should be repeated
once a year after the anti-freeze solution has
been drained out and cooling system has been
thoroughly flushed. Rust preventative should
be added to the coolant of used cars also, after
the cooling system has been thoroughly flushed.

When used in the correct proportions of one
ounce per gallon of water, this rust preventa­
tive first forms a milky white emulsion with
the water and after several days use deposits
a protective coat over the metal surfaces in the
cooling system. This coating does not affect the
efficiency of the cooling system, but, by prevent­
ing rust or corrosion, maintains the cooling
system at its original efficiency.

This solution is not a cleaning agent and has
no anti-freeze properties. It does not interfere
with the funct ioning of approved anti-freeze
solutions, and its functioning is not affected by
them. Its sole purpose is the prevention of rust
and corrosion.

Rust preventative solutions, other than the
one mentioned above, may be purchased from
reliable sources of supply and if used in accord­
ance with the manufacturer's specifications
should give equally satisfactory results.

Practically all anti-freeze solutions contain
an inhibitor or rust preventative. Therefore,
caution should be exercised when adding rust
preventative to such solu tions because an ex­
cessive quantity of rust preventative will de­
teriorate rubber hose connections.

2-26 USE OF ANTI-FREEZE SOLUTIONS
a. Types of Anti-Freeze Solutions

In selecting anti-freeze solutions for winter
operation the local conditions and type of serv­
ice must be consider ed. Anti-freeze solutions
are of two general types, namely: Volatile
solutions such as the alcohols and non-volatile
solutions such as ethylene glycol. .

The volatile type solutions are lower in first
cost but are subject to loss through evapora­
tion, especially on heavy runs or when warm
days are encountered. Unless the solut ion is
tested at f requent intervals and sufficient new
material is added to replace the loss by evapo­
ration, the engine or radiat or , or both, are
liable to damage by freezing. The car finish is
damaged by contact with alcohol solutions or
vapors; therefore, any such material acciden­
tally spilled on the finish must be flushed off
immediately with a large quantity of clean,
cold water.
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Since alcohol solutions are volatile, they can­
not be used with a radiator thermostat having
a temperature calibration higher than standard
to improve car heater performance.

The non-volatile or "permanent" type solu­
tions are higher in first cost but are not subject
to loss through evaporation. Unless loss is in­
curred through leakage followed by the addi­
tions of water, this type of solution maintains
the freezing protection originally established
without addition of fresh material. When using
this type of anti-freeze solution, care must be
taken to prevent seepage of solution into the
cylinder bores where it will cause gumming
and sticking of moving parts.

Ethylene glycol anti-freeze solutions have a
somewhat higher boiling point than alcohol
solutions and consequently may be operated at
a high temperature. This permits the use of a
higher temperature radiator thermostat, re­
sulting in more effective performance of the
car heater.

Every anti-freeze solution must be used in
accordance with the instructions and in pro­
portions specified by the anti-freeze manu­
facturer. The proportions must be selected as
specified for the lowest temperature at which
protection against freezing will be required.

b. Unsatisfactory Anti-Fre e ze Solutions

The following solutions have been found to
be unsat isfactor y for use in automobile cooling
systems: Salt solutions such as calcium or mag­
nesium chloride, sodium silicate, etc.; honey,
glucose, sugar solutions, oils or kerosene, un­
treated glycerine, untreated ethylene glycol.

c. Preparation of Cooling System for
Anti-Fre e ze Solution

It is very important to make certain that the
cooling system is properly prepared before an
anti -f r eeze solution is installed; otherwise, loss
of solution through leakage may occur or seep­
age may result in damage to the engine.

The cooling system should be drained and
flushed as described in paragraph 2-25. The
use of additional rust preventatives or inhibi­
tors is not recommended when using G.M. anti­
f reeze solutions or other anti-freeze prepara­
t ions that have been chemically treated or com­
poun ded for use in automotive cooling systems
since these preparations have rust preventative
properties.

Inspect the water pump, radiator core, ra­
diat or and heater hose connections, drain

cocks, water jacket plugs, and edge of cylinder
head gasket for evidence of leakage. Inspec­
tion should be made with cooling system cold
because small leaks which may show dampness
or dripping when cold can easily escape detec­
tion when the engine is hot, due to the rapid
evaporation of the leakage. Tell-tale stains of
grayish-white or rusty color, or dye stains from
anti-freeze, at joints in cooling system are al­
most always sure signs of small leaks even
though there appears to be no dampness.

Tighten hose clamps if leakage occurs at hose
connections. Replace any deteriorated hose. All
points of leakage should be corrected before the
anti-freeze solution is placed in cooling system.

If there is indication of seepage at cylinder
head gasket, the cylinder head bolts should be
carefully checked for proper tightness as de­
scribed in paragraph 2-16. The cylinder head
bolts must not be excessively tightened, how­
ever, as distortion of cylinder bores will result.

d. Testing Anti-Freeze Solutions

Use only hydrometers which are calibrated
to read both the specific gravity and the tem­
perature, and have a table or other means of
converting the freezing point at various tem­
peratures of the solution. Disregarding the
temperature of the solution when making the
test may cause an error as large as 30°F. Care
must be exercised to use the correct float or
table for the particular type of anti-freeze be­
ing tested.

It is not practical to mix different types of
anti-freeze materials in the same cooling sys­
tem since it will not be possible to determine
the freezing point of such a solution with a
hydrometer.

2-27 FAN BELT ADJUSTMENT OR
REPLACEMENT

A ti ght belt will cause rapid wear of the gen­
erator and water pump bearings. A loose belt
will slip and wear excessively, causing over­
heating of the engine and unsteady generator
output. A loose belt will also cause a noise sim­
ilar to spark rap at high speed. A fan belt
which is cracked or frayed, or which is worn
so that it bottoms in the pulleys, should be re­
placed.

The fan belt may be replaced by slightly
loosening upper and lower generator clamp
bolt s shown at "A", "B", and "C" in figure

"
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1ST LOOSEN LOWER AND UPPER
GENERATOR CLAMP BOLTS
SHOWN AT "A" "B" AND "C"
A SLIGHT AMOUNT

2ND ADJUST FAN BELT TENSION
TO y, INCH AS SHOWN
TIGHTEN LOWER CLAMP BOLT
"B" AND RECHECK TENSION
TIGHTEN CLAMP BOLTS "A"
FRONT AND REAR AND "C"

Figure 2-41 -Fun Belt Adjustment

2-41 so that generator can be moved in toward
the cylinder block to provide maximum slack.

The new or old belt must be adjusted so that
it will deflect approximately %" with a normal
thumb pressure applied midway between the
generator and fan pulleys. The steps for ad­
justment are shown in figure 2-41.

2-28 RADIATOR THERMOSTAT
INSPECTION AND TEST

A sticking radiator thermostat will prevent
the cooling system from functioning properly.
If the thermostat sticks in the open position,
the engine will warm up very slowly. If the
thermostat sticks in the closed position, over­
heating will result.

The thermostat may be removed for inspec­
tion and test by partially draining the cooling
system and disconnecting the cylinder outlet
from the thermostat housing.

When the thermostat is cold, the valve should
be fully seated. If valve does not seat, or the
bellows portion is distorted or damaged, the
thermostat should be replaced.

If thermostat valve seats when cold, test the
thermostat for correct opening temperature by
immersing the unit and a thermometer in a
container of water over a heater. While heat­
ing the water do not rest either the thermometer
or thermostat on bottom of container as this
will cause them to be at higher temperature
than the water. Agitate the water to insure uni­
form temperature of water, thermostat and
thermometer.

The standard thermostat (151°) valve should
start to leave its seat at a temperature of
148° F. to 155° F., and should be fully open at
a temperature not in excess of 175° F. On the
high temperature (182°) thermostat which
may be installed to improve car heater per­
formance, the valve should start to leave its
seat at a temperature of 178° F. to 185 0 F.,
and should be fully open at a temperature not
in excess of 211 0 F. If thermostat does not
operate at specified temperatures it should be
replaced as it cannot be adjusted.

2-29 WATER PUMP SEAL
REPLACEMENT

Since the first type water pump (fig. 2-18)
can be replaced by the second type pump (fig.
2-19) at very little increase in cost over re­
pairs, and thus gain the advantage of the im­
proved seal design of the second type pump,
replacement parts are not furnished for the
first type pump. The procedure given here ap­
plies to the second type water pump only.

When installed in engine, the first and sec­
ond type water pumps may be identified by the
pump body casting number which is located on
front face of body on the left side. The body
casting number for the first type pump is
1330139, and the casting number for the second
type pump is 1336756.

a. Removal and Disassembly of
Water Pump

1. Drain cooling system, being sure to drain
into a clean container if anti-freeze solution is
to be saved.

2. Remove fan belt and disconnect radiator
and heater hoses from water pump.

3. Remove water pump and also remove
pump body to thermostat housing rubber hose
if it is in doubtful condition.

4. Remove fan blade and pulley from hub on
water pump shaft.

5. Remove water pump cover and remove
impeller from pump shaft, using a suitable
puller. A puller with two hooks is preferred,
however, a puller with three hooks may be used.
See figure 2-42.

6. Remove carbon washer, spring and bel­
lows from the brass sleeve that is pressed into
pump housing. It is not necessary to remove
the brass sleeve if it is in good condition. If
sleeve is doubtful, however, remove it by driv­
ing a sharp punch through the bottom and pry­
ing sleeve out.
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Figure 2-43-Water Pump Seal Disassembled-Second Type

DRIVING DENTS

4. Install pump assembly on engine using
new gasket, and a new pump body to thermo­
stat housing hose if necessary.

5. Connect all hoses, fill cooling system and
check for water leaks at connections.

6. Install fan belt and ad just to proper ten­
sion (par. 2-27) .

Figure 2-42-Removing Pump Impeller

7. Thoroughly clean the pump body to re­
move rust, old gasket, etc. Do not soak in clean­
ing solvent as this may leak into bearing and
destroy the lubricant.

b. Installation of Seal Assembly and
Installation of Water Pump

1. If the old brass seal sleeve was removed
from pump body during disassembly, carefully
press the sleeve of new seal assembly into place,
using a thick walled tube of proper inside and
outside diameters to bear fully against flange
of sleeve. It is not necessary to remove the
other seal parts from sleeve.

la. If old sleeve was not removed, separate
the new seal sleeve from seal bellows by soak­
ing in hot water to soften the cement used to
hold seal parts together for ease of handling.
Install the bellows, spring, and carbon washer
in the sleeve in pump body, with the low­
shouldered side of washer outward. Be care­
ful to engage the two notches in washer with
the driving dents in brass sleeve. See figure
2-43.

2. Coat the face of carbon washer an d im­
peller hub with rust preventative or Seco Oil,
then support pump assembly on the fan end of
shaft and press the imp eller on inner end of
shaft until rear face of impeller is flush with
end of shaft.

3. Install pump cover, using a new gasket
cemented in place. Install fan pulley and blade
and tighten attaching screws securely.

2-30 OIL PUMP REPAIRS

When an oil pump is removed for repairs the
following procedure must be used to inspect
parts and assemble pump in order to insure
adequate oil pressure when the work is com­
pleted.

1. Remove screen and float assembly from
pump cover by removing r etaining cotter pin .
Wash the screen thoroughly in kerosene or
other solvent and apply light air pressure
through the inlet tube to dislodge dirt from the
outer surface of screen.

2. Check oil pressure val ve to see if it is free
in pump body. Also , check hole in body to see
that it is not oversize and that the valve fits

Figure 2-44-Position of Gear on Shaft
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hole throughout length. Check spring to see
that it is not collapsed, worn on its side, or
broken. Replace with a new spring if in doubt.

3. Check position of gear on shaft. The
measurement should be same as shown · in
figure 2-44.

4. Install gear and shaft assembly in pump
body and install idler gear with the rounded
end of teeth placed inward or away from the
pump cover.

5. Check for clearance between gears and
cover by using a steel straight edge as shown
in figure 2-45. The clearance between straight
edge and gears should be such that the gears
turn freely and must not be more than .004".

6. Install pump cover and tighten all cover
screws, then' turn pump shaft to check for bind.
Shaft and gears must turn freely and a very
slight amount of end play should also exist.

7. Attach screen and float assembly to pump
cover and make sure that it is securely retained .
by the cotter pin, that it swings freely, and
that the stops permit full range of vertical
movement.

8. Attach pump assembly to crankcase, using
the proper gasket which is of thin fiber. Tight-

CHECK FOR CLEARA~ j C E

BETINEEN GEAR S
STRA IGHTEDGE

\ NOT MORE THAN .004 I

Figure 2-4S-Checking Clearance of Gears at Cover

en the two attaching screws evenly.

9. Test pump alignment by twisting the
pump shaft with fingers; shaft should turn
freely within the limits of gear backlash. -Make
this test every 1800 through two complete revo­
lutions of crankshaft. If pump shaft is not free
in all positions, loosen attaching screws and
shift pump to such a position' as to relieve all
binding.

10. If tightness still exists, it may be due to
the limits to which the pump body was ma­
chined, or to a rebuilt distributor assembly, 01'

both. In this case it will be necessary to remove
pump assembly and the distributor and grind a
slight amount from ends of pump and distribu­
tor shafts to provide a slight end clearance. See
figure 2-46. The distributor gear must be re­
moved, and when reinstalled both ends of
retaining pin must be securely riveted. See
paragraph 10-51 for removal and proper in­
stallation of distributor.

11. If low oil pressure persists after check­
ing through oil pump, look for loose bearing
fits at crankshaft and camshaft.

Figure 2-46-Parts to be Ground for Shaft End Clearance
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2-31 ENGINE MOUNTING ADJUSTMENT

The following procedu re must be used to
center the engine in the frame and adjust the
engine and transmission mountings.

1. Disconnect torque tube from torque ball.
2. Tighten engine mounting brackets to the

crankcase and frame front X bar. Loosen the
engine front mounting pad top stud nuts.

3. Tighten transmission support to frame X
member attaching bolts.

4. Tighten transmission mounting pad to
transmission support and to transmission rear
bearing retainer.

5. Tighten thrust pad to thrust plate stud
nuts (rear) and loosen thrust pad to transmis­
sion support stud nuts (front). Remo ve shims
between thrust pad and t ransmission support.

6. Measure' the distance between the front
edge of crankshaft balancer, at horizontal cen­
terline, and the center of the nearest shock ab­
sorber bolt head on each side. If distances on
both sid es are not equal, shift front of engine
sidewise as r equired to center engine in frame,
then tighten engine mounting pad stud nuts
securely. The mounting pad stud holes in en­
gine mounting brackets are oversize to permit
sidewise adjustment of engine.

7. With engine and t rans mission rest ing
freely and normally on mounting pads, install
sufficient shims between the thrust pad and
transmission support to snugly fill the existing
space. Insert shims from above, with tabs on
right side in Syncro-Mesh cars or left side in
Dynaflow Drive cars. See figure 2-47.

THRUST
PLATE

THRUST _
PAD

Figure 2-47-Transmission Mounting and Thrust Paets and Shims

8. Tighten thrust pad front stud nuts and
tighten front engine mounting pad stud nuts.

9. Connect torque tube to torque ball .

2-32 FLYWHEEL OR RING REPLACEMENT

The information in this paragraph applies
only to engines used with Syncro-Mesh trans­
missions . On engines used with Dynaflow
Drive, th e ring is w elded to the flywheel and is
not furnished separately .

Flywheel and ring assemblies are balanced
separately from the crankshaft during manu­
facture; however, all completely assembled en­
gines are given a running balance test in a
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I Figure 2-48-Flywheel Boltl and Dowel Nuh-1948 Seriel 70

special machine during production. In this test
the flywheel is drilled, if necessary, to finally
balance the entire engine to very close limits.
For this reason, the flywheel and the crank­
shaft flange should be marked before flywheel
is removed so that flywheel may be installed
in its original position on the crankshaft. It
is also advisable to run the engine after the
clutch is removed to note the degree of vibra­
tion with the original flywheel.

Series 40-50 flywheels are attached to the
crankshaft with bolts, lockwashers and nuts.
It is necessary to remove the crankshaft rear
bearing cap and remove bolts from crankshaft
in order to remove the flywheel. CAUTION :
Wh en turning crankshaft with rear bearing
cap removed, hold the bearing inner oil seal to
prevent it from moving out of the groove in
crankcase.

1948 Series 70 flywheels are attached to
crankshaft with bolts and lockwashers installed
from the rear and threaded dowel nuts installed
in crankshaft flange. See figure 2-48. It is not
necessary to remove the crankshaft bearing
cap to remove a Series 70 flywheel.

To remove a flywheel ring from the flywheel,

~)
LOCK

WASHER

DOWEL NUT

drill a %6" hole in the r ing between two teeth
and split the ring at this point with a cold
chisel.

The flywheel r ing is a shrink fit on the fly­
wheel and must be heated to approximately
600 0 F. in order to expand it sufficiently to go
over the flywheel. Heating the ring in excess
of 800 0 F. will destroy the effect of the heat
treatment given during manufacture.

Excessive heating may be avoided by first
polishing several spots on the ring with emery
cloth, then heating the ring only until these
spots begin to turn blue. Heat the ring to ap­
proximately 600 0 F. on a hot plate if available ;
otherwise, place ring on a sheet of metal or
asbestos and heat it with a torch that is kept
moving to secure even heating. When ring is at
proper temperature, quickly place it over fly­
wheel and allow the ring to cool slowly until it
is tight in place.

If a new flywheel or a new crankshaft is be­
ing installed, the flywheel bolt holes must be
reamed to provide a very close fit for the bolts.
Two bolt holes are reamed to size in replacement
flywheels and crankshafts. Use these reamed
holes to bolt the parts together, then ream the
other holes and install bolts.

After installation of a new flywheel or a new
flywheel ring, be sure to run the engine and
check for vibration before installing the clutch.
If engine has vibration that did not exist before
installation of new parts, make correction as
described under Correction of Engine Vibra­
tion (par. 2-34).

2-33 FLYWHEEL HOUSING ALIGNMENT

The information in this paragraph applies
only to engines used with Syncro-Mesh trans­
missions.

The flywheel housing is attached to the cyl­
inder crankcase with six Vt6" bolts. Two %"
straight dowel pins are installed in reamed
holes in both parts to maintain alignment.

Misalignment between the pilot in rear face
of housing and the pilot bearing in rear end
of crankshaft may cause the transmission to
be noisy or to slip out of high gear. To insure
correct alignment in productio:1, the pilot hole
which receives the transmisuon main drive
gear bearing is bored in the housing after it is
assembled to the cylinder crankcase. The fly­
wheel housing furnished for service is com­
pletely machined, but it must be checked for
alignment after installation.
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If an existing housing is suspected of being
out of alignment it may be checked after re­
moval of the transmission and clutch assem­
blies. If a new housing or cylinder crankcase
is being installed, alignment should be checked
before the' flywheel , clutch and transmission
are installed. When checking alignment the en­
gine must be in an upright position, dowel pins
must be installed, and all housing bolts must
be tight.

Figure 2-49-Checking Alignment of Flywheel Housing

a . Checking Alignment of Flywheel Housing

1. Remove transmission (par. 4-29) and
clutch (par. 4-10), leaving flywheel in place.

2. Attach Strap J 808-7 and Pilot J 808-9 to
flywheel with two flywheel bolts. Mount Dial
Indicator KMO 30-B and Hole Attachment
KMO 30-F on pilot with Sleeve KMO 30-K. Ad­
just ball end of hole attachment to bear against
side of pilot hole in flywheel housing. See figure
2-49.

3. Turn flywheel very slowly and note total
run-out of pilot hole as shown by dial indicator.
If total indicator reading is .005" or less, fly­
wheel housing alignment is satisfactory. If
run-out exceeds .005", correction must be made
as described in subparagraph b below.

b. Correction of Flywheel Housing
Misalignment

1. Remove flywheel (par. 2-32) , housing ,
and dowel pins. Reinstall crankshaft rear bear­
ing cap on Series 40-50 engine.

2. Drill out the two upper bolt holes in fly­
wheel housing and the four bolt holes in crank­
case flange with a ¥2" drill. See figures 2-50
and 2-51.

Figure 2-50-Enlarging Bolt Holes In Housing

Figure 2-51-Enlarging Bolt Holes In Crankcase Flange

3. Install flywheel housing without dowel
pins, and leave bolts just loose enough to per­
mit shifting of housing by tapping with lead
hammer. NOTE : On Series 40-50 use sealing
compound on flywheel housing upper bolt on
camshaft side to prevent oil leak ing into fly­
wheel housing.

4. Install dial indicator as shown in figure
2-52 and check run-out at pilot hole in housing.

Figure 2-52-·Aligning Housing
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Model 41

Model 46-5
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5. Shift housing by tapping with lead ham­
mer as required to bring run-out at pilot hole
within .002" indicator reading. Tighten hous­
ing bolts and recheck run-out.

6. Using Special Reamer J 808-4 and Ratch­
et Wrench J 808-6, ream the dowel holes and
install two oversize dowel pins J 808-5. See
figure 2-53.

Figure 2-53-Reamlng Dowel Pin Hoi..

7. Mount dial indicator on crankshaft flange
and set to bear against rear face of flywheel
housing at a radius of 2%".

8. Turn crankshaft and note run-out of hous­
ing rear face, making sure that end thrust of
crankshaft is all one way while making this
check. If total indicator reading exceeds .003",
shellac paper shims of proper thickness in posi­
tion required to give an indicator reading of
.003" or less.

9. Install flywheel, clutch (par. 4-16), and
transmission (par. 4-34).

2-34 CORRECTION OF UNBALANCED
ENGINE

The in formation in this paragraph applies
only to engines used with Syncro-Mesh trans­
missions.

An extremely unbalanced engine should
always be corrected by replacing parts which
are abnormally out of balance or materially
different in weight from corresponding parts.
The proceaure described here is intended only

for corrections of minor cases of unbalance
which may occur where individually balanced
parts are assembled together.

If the vibration developed after removal and
installation of clutch assembly, check all clutch
cover bolts to make sure they are of Same length
and that each has one lock washer. Also check
marks that were made when clutch was re­
moved and disassembled to make sure that
clutch was assembled and installed according
to these marks. Make any corrections indicated
by this inspection and run engine at the critical
speed to check results.

If clutch assembly and installation does not
appear to be at fault, mark clutch cover and
flywheel and remove clutch assembly (par.
4-10). Run engine at cr it ical speed and check
for vibration. If vibration is eliminated, the
clutch is at fault and should be balanced as de­
scribed below. If vibration still exists, however,
it will be necessary to balance the flywheel on
the crankshaft.

To balance the flywheel, insert one clutch
cover bolt successively in each hole in flywheel
and check results at each position by running
the engine. It may be necessary to vary the test
weight by adding washers or by using a shorter
bolt. When a proper weight and position has
been found to eliminate the vibration, the bolt
will be on the light side of flywheel. Remove
the bolt and drill shallow holes in diametrically
opposite side of flywheel, until enough weight
has been removed to make engine run smooth.
Use a %" drill and do not drill any hole more
than %," deep .

Install clutch assembly according to marks
(par. 4-16) after making sure that engine runs
smooth with clutch removed, and again check
for vibration at the critical speed. If vibration
exists with clutch installed, install one plain
washer under the lock washer of each clutch
cover bolt in turn until a location is found
where the engine runs smooth. It may be neces­
sary to place plain washers on two ad jacent
bolts in order to obtain enough weight at the
proper location to secure balance.
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