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1: Pistons and Rods

New Parts: A: Assemble 7 Pistons

Spread glue on one side of an outer piston, and lay

 JRE Y it glue sid Carefully ali i iston t

o ‘-‘J % | it glue side up. Carefully align an inner piston to Spread

- Inner Piston the glued face. Spread glue on one side of another glue

W X 7 outer piston, and add this to the stack. Set aside on
to dry, making sure alignment remains perfect. Do these
this for all seven pistons. Lightly sand off any hardened faces

glue on the edges of the pistons.

outer Piston B:  Assemble the Master Rod

X 14 Set one of the outer master rod pieces on to a flat surface with
the text side down. Lay the inner master rod on top,
using short pieces of 1/8" dowel rod to help aligning

them. Trace lightly around the edge of the in-
T ner rod with a sharp pencil. Repeat this
s procedure with the other outer master rod,
l lightly penciling in where it overlaps with
3 lsyens the inner rod. Spread a light layer of glue on
Wrist and an outer master rod staying inside the light pencil
Articulating Pins X 13 marks. Again using bits or alignment dowel,

_ _ glue the inner rod to the outer rod. Spread
Articulating glue on the final outer rod, again remaining in-

) Rod, Inner side the light pencil marks. Glue this over the
X6 top of the assembly as shown. Set aside to dry.
- C: Assemble 6 Art. Rods -
Articulating | _ | Inner Articulating Rod
The six articulating rods are assembled Outer Articulating Rod

in a similar manner to the master rods,
but are more difficult to align. Glue them
together as shown, leaving them as long
as possible while completely filling in the
cut out in the outer rod with the solid in-
ner rod. Ensure that the two outer sides
are aligned well enough that the wrist
pin will slip through both sides. Set
these aside to dry. L L L

D: Assemble the = -
Rotating Assembly

After the glue has dried on all of the
above assemblies, pin them together
with the wrist/articulating pins. Itis
critical that the pins are glued to the
back layer of each joint, but that the
center layer is not glued. All the
joints must be free to
rotate. (You may want to
wax the joints before
assembly for smoother
operation.)

Glue together with the minimum
amount of overlap practical.

Master |
Rod, |
Outer |
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2. Crankshaft Assembly

New Parts:

Inner Crank

Throw
X 2
I @ Rear
i Shaft
|= =| 3 layers
I @ Crank
i Throw
||= =! 7 layers

__i{o

R——

Front Shaft.

(May have more
elaborate bore)

All three parts - inner bores optional.

Pistons Omitted for Clarity

B: The Front Half

D: Assemble Crank

A: Laminate 2 Crank Webs Crank web

Place an outer crank throw on a flat surface with (Rear shown)
the arrow facing in a counter-clockwise direction

as shown. Spread a thin layer of glue on one —
face of an inner crank throw, and glue it down /
over the outer crank throw, making sure that < —
alignment is maintained. Set aside to dry. \

Repeat process with the other inner and outer

(

o N N
throws, except this time the arrow must face §§\§§§% R
in the clockwise direction. SIS T —

Make two - one with
the arrow facing in
each direction.

Locate the forward crank web (the one with

the arrow facing clockwise when lying face S o | i]
down). Set it face down, and glue the crank N =\ ;g
throw into the outside socket. Make sure k\\ — )
that there is no glue squeeze-out to interfere \ - \\iFE_-;:?{//

with rotation. Next, glue the front shaft into NN N

the center socket. Note side view for orientation. ORI ?{L;QL S

It works well to turn the unit over and slide the \ii\!(: L=

crank throw off the side of the table while gluing

the front shaft. (Use a scrap of wax paper to Front shaft is even

protect your table.) (with this face. : I
e

C: The Rear Half rront bt || 1] /

Take the other crank web, and set it face !‘Oﬂ ] d I I Throw is

down - confirming counter-clockwise facing Side View { } even with

arrow. Glue the rear shaft into the center socket. | | this face.

once again, note side view for profile. ——l

The front and rear crank halves must be glued

in near perfect alignment during this step. Itis
also very important that no glue strays from the
crankshaft to the rods that are sandwiched in it.
If you are waxing the moving parts of the engine,
wax the bore and faces of the master rod before
gluing crank halves together.

Carefully glue the inside of the socket of the Rear shaft is even
rear throw. Then assemble the two halves of the { with this face.
crank, capturing the bore of the master

rod. Use several strips of wax paper E—

to help keep the glue from getting Rear Half Side View

on to the master rod. Ensure free

movement by occasionally moving rods

while glue dries.

N\
7

Glue on this socket only. No
glue allowed onto rods below.
1

o e e e e e L LS TS LIS IS S RIS IS A IS A ES | B A S S |

I__l___l_l'_I_'I__l___________1_I_I___I_I_1'___I __I'__l"l_i___l_
'__I___I_I__|_J__I___________J_I_I___I_I_J____I __I.__LJ_'___I_

|y O S w—— RSN, E . S, S S S S S S —" . N S—"— . |

l ] N

This side already glued.
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3: Small Subassemblies

New Parts:

Small and
large timing
reduction
gears - 1 each

_ Inner
N Rocker
Arm

X 14

\ Outer
1 Rocker Arm

X 28

)\ Rocker Arm Spacer

/) X 28

Rocker Shaft X 14

C:

Rocker
Arm
Base

X 14

Rocker
Arm
Side

X 28

All new parts on this
page are shown at
full size when this
is printed on A sized

paper.

A: Timing Reduction Gear

The timing reduction gear consists of two parts. It
helps make the 6:1 reduction between the crank-
shaft and the cam plate. Assemble these over a
1/4" dowel. Glue them to each other, but not to
the dowel rod. Timing gears are position critical.
The pointer on the small gear should point to the

timing mark (dot) on the large gear.

B: 14 Rocker Arms

The rocker arms are assembled on their
associated shafts. All of these parts are
glued together as units. Begin by gluing
an inner rocker arm to the center of a
rocker shaft. While the glue is still wet,
glue an outer rocker arm onto each side
of the center arm, making sure they align.
Next, add the two spacers, one to each
side. Note the 1/32" space between the
outer rocker arms and the spacers.

Check spacing by holding

14 Rocker Assemblies

1) Glue a rocker arm side onto the rocker arm base
as shown. Allow to dry while you make the rest of
these.

2) Taking a previously glued part made in the last
step, wax the bore of the rocker arm side if desired.
Insert the previously made rocker arm as shown in
2A along with side view 2B.

3) Wax the bore of an unattached rocker arm side
if desired. Slip it onto the assembly, and glue it
firmly to the base as in step 1. Make sure that the
rocker arm is free to pivot in the assembly.

Pointer
Timing Mark

No glue allowed on
outside shoulders.

— 1/32" gap
both sides

a rocker arm base up to the
rocker arm before the glue dries.

O
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4: Pushrods and Valves

New Parts: A: Pushrods

The exhaust and intake pushrods have different
Pushrod angles. This means they must be distinguishable
Fork from each other. The exhaust pushrod lifter has
two mortices, and the intake has three mortices.
Glue the lifters onto the pushrods as shown. Then,
X 28 using the two tiny holes and the 1/8" hole as

end

alignment aids, glue a pair of fork ends to each Eﬁgﬁgjﬁ

pushrod. It may be easiest to assemble these over Schvatad
two pieces of wire of the appropriate diameter and by lower
a bit or 1/8" dowel rod. Set aside to dry. cam ring

(If desired, you may sand off the outer half of each
fork end for a slightly more scale appearance.)

B: Valves 5

Exhaust The valves are cut out with their valve retainers permanently
P_ushrod attached. They must slide up and down freely within a single 0
Lifter layer of plywood, so they should be sanded until o
X / they are slightly thinner than
a standard layer of plywood.
After you have sanded one ﬁgi:ad[)o
face of the valve (7/64" or '
2.8 mm is a good target = not bend
thickness), wax the shank R~— enough totl
of the valve. This is the gegmanen Y
most important wax job on eform spring.
the engine.
Pushrod, You will need to thread a
Exhaust. valve spring over the valve “
2 pins. retainer on each valve.
X / Begin by spreading the base

of the spring just far enough
to clear the retainer end of
the spring.

Thread the spring downward
over the valve until the entire spring is within the shank
portion of the valve as shown below. ‘

Intake
Pushrod

Lifter h\
" Final position of
X/ ‘2'22» valve spring on
&) valve shank.
&%) Spring should \\&
Pushrod, slide up and B
Intake. down valve Intake
3 pins. freely. pushrod
7 activated
~ by upper

cam ring w

All new parts on this
page are shown at
full size when this
is printed on A sized

paper.
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5: Cam Plate

The valve timing on a radial engine is accomplished by a low speed
Lobe is to the cam plate. It differs from the classical single lobe cam shaft found in
left of the most 4-stroke engines in that it spins at lower speeds and has more
)\ two holes. lobes. The number of lobes on the plate can be found by dividing
| the number of cylinders in two, which will give a half number. If the
cam plate spins in the same direction as the crankshart, add 1/2. If
It spins in the opposite direction, subtract 1/2. In real radial engines,
the valve lifters are usually of the roller type. In this wooden engine,
the lifters are trailing links. This is simply a nod to the fact that our
building material Is less than optimal.

New Parts:

Exhaust Carm,
Disk

Warning: This part
must be oriented
as shown to

A Assemble the Cam Plate
Caution: The cam discs are directional. They must be
correctly oriented for the valves to open at the proper points.
Note the orientation shown in the new parts section. These
are shown from the front view.

Begin by setting the exhaust disk face up in front of you and set
one of the cam plate shoulders in the center. Spread a thin layer
of glue on each, and add the cam plate spokes. Maintain align-
ment by using bits of 1/8 inch dowel rods - shown in the drawing
below. You can also add a piece of 1 inch dowel rod to maintain
alignment of the shoulders.

Spread a thin layer of glue on the rear of the Intake cam disk and
the other pair of cam shoulders. Add these to the stack, again
maintaining alignment. Make sure not to glue the 1 inch dowled
rod in place. Allow glue to dry.

Assembly view

gild Lobeisto X
the right of the

two holes You may need to lightly sand

the cam plate bore after the
glue dries. Check to make
sure the plate spins freely on
the crankshaft.

Intake Cam
Disk

Assembled
View
Parts above this note are shown

1/2 size. The cam plate shoulders
shown below are full size.

Cam
Plate

Shoulders

X 2

Note timing mark, which
will be important later.

www.MorrisModels.com



6: Begin Case

New Parts:

Base R
Cylinder Cel?; der
(numbered : Fi¥1 c
1 through 7)
X 7 X /

Note: Some early versions of the kit featured the seven base cylinders cut as one part. If you have one of these kits, you can still use these instructions.

The first part of the case will be assembled upside down. Begin by locating the seven base cylinders, and set them out
upside down in front of you with the puzzle joints interlocking (see A).

Dry fit the Rear Case Spacer and the Rear Case on top of the Base Cylinders. Use bits of dowel rod as locator pins in all
seven of the holes to lock the assembly in position.

Dry fit the seven sets of rear cylinder fins (which are purely cosmetic) over the Base Cylinders. The rear fins are omitted
from cylinders three and four for clarity. Use the edges of the exhaust cutout and intake port on the cylinder head to aid
you in alignment. When you are happy with your alignment, glue these down.

Remove the rear case spacer and rear case from the assembly, taking care not to disturb alignment. Lightly spread glue
on one side of the rear case spacer, and glue it down over the center of the base cylinder assembly. Reinsert the bits of
1/8 inch dowel rod. Lightly glue the other side of the rear case spacer, and glue down the rear case over the spacer.

Use alignment pins at
all seven locations. Do °

not permanently glue Rear fins shown in place.
the pins in place. % @ >
e

Z> |
//// A ® I

// 7 : > \I o i [7[7
|

I\ |
EREER T ' . =
NN | : o
AN ' . = 5
AT TN 2
%%%% o | | \
o |
' “ <&
% ) _ DETAIL A
o®§°¢ Q@z%%; O
o§° . %
S

NOTE: If practical, you should glue down valve layer 1

on page 7 before the glue dries from step 6. WWW.MorrisModels.com



/. Valve Layers 1 and 2

Valve Guide Area
(Both Sides)

New Parts: 1 - fits on base #1- Valve

5] | | Layer 2
Part 1-2 shown =) | | Center

Valve Layer
2 Top Edge

2 - fits on = X 7
% base #2 N

Valve Layer Valve Seat Area
1 (Both Sides)

X / s Layer Valve

2 - Cylinder [= 5
Numbered Walls  \ Layer 2 is
1-2 through made of 21
7-1 X / separate parts

Glue each of the valve layer 1 parts into position, using a minimum of three locator pins on each part as shown in the diagram
below on part 2-3. Parts 1-2, 6-7, and 7-1 are also shown installed on the diagram. Make sure to avoid any glue squeeze out
in the valve guide area, vlave seat area, and on the cylinder walls.

Joint between parts will be hidden.

Locator pins
(minimum of 3
per part)

/IIIIJ“
/_

NS . —_ —— —_——_— ~ & ---- .".".". ’. ’. - /

. =20
— ~
T\ P A A S T — — —— —_—— - ~— & ~
\ =\’—(\<\T\(\<\\‘\\'\““‘-\“ﬁ \Tk; g T = (i ’ 217 1 ey = /7
N = <= = _ 120777071 >
“\ = == — =¥ n~
== _—=
=== —
" 5
<>
=

\ [ —J
VPRI
>

Glue each of the valve layer 2 parts into position, using all of the locator pin locations available. Make sure to avoid any glue
squeeze out in the valve guide area, vlave seat area, and on the cylinder walls.

Cylinder walls take
two pins. One side
must be manually

Centers take two pins each,
but should still be checked
for alignment.

Top edge fits
one locator pin.
Align with care.

L e —— e
e ——— ——

—_—

AT NN AN

—————
[ESSSEOSSSSSeS) =& \
— — \

1\
\

(
\ ]
TR R \\:/
N \ = ~
~
~

\
Q
Cf/.gh:
a

—_—

—
—_—

——

p s

Only a few locator pins are shown in the diagrams. Use them all. Make sure to remove them before the glue dries completely.
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8: Adding the Valves

New Parts: Previously Assembled

Valve and
Flag on Sprlng

cylinder X 14
#1 only.

Valve Layer 3
Overview and
Detail View A

A: Add Valves

Compress the spring on each valve, and slip the
valve into the valve guide. The spring should
provide tension to help the valves stay in place.

Do this for all 14 valves. One cylinder is shown B: Add Valve Layer 3

below.

Set layer 3 upside down (cylinder 1 flag to the left). Carefully
spread a thin layer of glue on the back, taking care to avoid any
of the areas shown shaded in the partial drawing above. It is
very important that no glue can squeeze-out onto the valves,
because it is not possible to remove this glue. Glue valve layer
3 onto the engine case, again using dowel pins to aid in align-
ment. Ensure that the valves
can move up and down in L
their guides. #1.

A
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9

New Parts

Case Spacers

A

PRI I

Rotating Assembly

If you are waxing the assembly for easier motion,
as the bottom of the case and sides of the hole in

wax the bottoms and walls of the cylinders as well
the rear case.
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Locate the rotating assembly you previously con-

structed. With the long shaft facing upwards, turn
the pistons and rods so that they can fit into the

case and cylinders. Slide the pistons and rods into
position with the lower crankshaft stub in its socket
in the rear case. You should now be able to gently

turn the crankshaft and watch the pistons move up

and down. If anything catches so that things cannot

move freely,

correct it now.

D
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10: Crankcase to Valve Case

New Parts:

Front Case Valve Case

Adapter Plate

Spacer Ring

Front Case
Support Web

3 Layers

Small Chamfers Optional
i_lﬂ Timing Gear
) — Idler Shaft
|

A: Idler Shaft

Set the front case support web on a sheet of waxed paper. Glue the timing gear
idler shaft into its socket, making sure that it does not interfere with the bottom
face of the support web, and that no glue squeeze-out appears around its edges.
Set aside to dry.

B: Fit 3 layers

If you are waxing the assembly for easier motion, wax the circular base around the idler shaft
you just installed and allowed to dry. Also wax the crankshaft bore on the same part.

Using bits of dowels for alignment guides, glue down the front case support ring over the 7

Valve Case Adapter
Plate (added last)

spacers you installed in the last step. Follow this with the support web, with the idler gear Front Support Web, —
between cylinders 4 and 5, and the idler shaft facing upwards. Spread glue on the back of with idler shaft facing
the valve case adapter plate, and add glue it down over the stack up. upwards.

Front Case Support ——
Ring (added 1st)
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/
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11: The Valve Case

_ Note: The valve guide layers are
Exhaust Valve Guide " formed from 7 separate parts each.
X / | Y These parts are directional, and are
= shown here full sized. They can be
| distinguished by whether or not
they have two complete alignment
holes. Do not confuse them.

New Parts:

Valve Guide
Separator Ring
(cut from 5732
inch plywood.)

DETAIL A
Full Scale

1/8 inch

—> o,

}—— 5 layers—= X 7

Valve Guide Pin

A: Valve Guide Pins

The 7 valve guide pins fit into the 7 sockets in the
inside of the Valve Case Adapter Plate which was
installed in step 10. Lightly glue these pins into their
sockets, making sure that no glue squeeze out will
interfere with the valve guides as they are slid over
them in a future step. Do not allow these to dry
before going on to the next step. Note that only the
last two layers completed on the engine are shown
in these illustrations for visual clarity.

B: Valve Guide Walls
/ % _~Intake Valve Guide Using dowel pins for alignment aides, lightly glue
/ . ' the 3 layers into place. Begin by gluing the backs
I Separator Ring of the 7 exhaust valve guides and stick them in
/ = place - making sure to avoid squeeze out in the
| < gaps. In similar fashion, apply glue to the tops of

\ \s /\ Exhaust the_ same piece_s an_d glue _the separator ring c;loyvn.
1 [Valve Guide , This is also a directional piece, so make sure it is

oriented correctly. See detail view for guidance.
Finally, glue the backs of the 7 intake valve guides,
and stick them down in the same manner as the
exhaust valve guides - again watching out for the
problematic glue squeeze-out in the gaps.

Warning:

It is important that the valve guide pins be
held straight while the glue dries from step A.
The best way to do this is to dry-install the
valve case cover as shown in step 13. Leave
it in place over the temporary alignment pins
while the valve guide pins dry, then remove it
before moving on the step 12.
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12: Filling the Valve Case

New Parts:

Valve arm spacer

X /

Intake
Trailing Arm

X /

Exhaust
Trailing Arm

X /

All new parts on this page
are shown at full size when
this is printed on A sized paper.

This step must be completed with a lot of care
and finesse. Begin, by gluing the crank gear

the edge of the crankshaft. Dry fit the crank gear

final position

( ]

| / \ I
over the forward crankshaft. The gear must be While #1 piston is at top dead = /( (@) Y
glued in such a way that it is glued to the shaft, centér (45 hign up &k passinie) I [ 4 e\ I
but is not glued to the support web behind it, or l J () g Base of engine
to the cam plate which will set in front of it. Note single set of : l, and other pis-
This is highly critical and very exacting. Begin by trailing ar:ms i | tons not shown
setting several small strips of waxed paper around oparer ST , ’ l‘ for clarity.

i

in position, making sure that the timing mark on

the gear is as low as possible (straight down, 180°)
while the number one piston is as high up as pos-
sible (straight up, 0°). Use a pencil to make a small
alignment guide on the crankshaft, them remove the
crank gear.

Now, use a small toothpick or similar device to spread
a VERY thin ring of glue about 1/8 inch above the bore
in the crank web. Carefully re-install the crank gear,
twisting and wiping the glue into the the space
between the gear and the shaft, but not allowing it to
be pushed downwards onto the rear face of the gear.
Leave a space about as thick as a playing card between
the rear face of the gear and the forward face of the
bore in the web. While the glue dries, rotate the
crankshaft every few minutes, making sure that the
crank gear stays lined up with your mark. This will pre-
vent any traces of glue from locking up the engine.

While the glue is drying on the crank gear, position the
trailing arms and spacers on the pins you installed in

Adjust until
these are
exactly lined
up (0 inches -
not as shown)

acers on = Ir== NS S
the last step. The final positions are shown. However, 'utﬁ_f- N IS

the guide walls are not shown on the bottom diagram h}i} T

for clarity. Beginning with the exhaust trailing arms, ~small pencil |
slide them onto the pins. You will need to pull the line drawn to IL
socket ends of the arms towards the crankshaft to help with E>
clear the side guides built into the adapter plate and alignment :

separator ring. Once the arm is all the way seated on
the pin, pivot it as close to the guide wall as possible.
Do this for all 7 exhaust trailing arms. Then add the 7
spacers to the pins. Install the 7 intake trailing arms
last. They should lay across the top of the guides on
the separator plate.

Do not forget to keep turning the crankshaft every few
minutes until the risk of engine lockup from stray glue
IS over.
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13: Closing the Valve Case

New Parts:

v Timing
- &t Forward Reduction
(= | Bearing Ring Gear

=\ (shown full Assembly

Valve case cover
(shown much smaller
than the bearing ring)

A: Cam Plate and Reduction Gear

Wax the timing gear idler shaft and the back of the timing reduction
gear assembly. Slip the timing reduction gear assembly over the idler
shaft, making sure that timing mark on the large gear matches the
coresponding timing mark on the crank gear.

Wax the bore and front and rear bearing shoulders of the cam plate,
and fit the cam plate over the crankshaft with the gear teeth to the
rear. You will need to make sure that the trailing arms are pivoted
all the way against the walls in order for them not to interfere with
the cam plate. Again, timing marks are provided and must be
followed. This time, align the mark on the large internal cam gear
with the mark on the small gear tooth.

B: Cover and Bearing Lip

Wax the bore of the valve case cover and forward faces of the cam plate.
Carefully spread a thin layer of glue over the tops of the 7 intake valve Timing Reduction
guides, taking care to avoid placing any glue where it would squeeze into Gear Assembly
the valve guide gaps. Note that the valve case cover is directional. Slide

it over the crankshaft, and bed it down over the previously installed valve

guide pins. Again, alignment should be aided with bits of dowell rods in

the other holes. Wax the bore of the bearing ring, and glue it down over

the crankshaft as well. Bearing Ring

iy [ s J 7 ——— | ———F \ A K = P
,.._:%__, L. === //}/’/,L~ + _L\\\* \ > /ﬁ,\) ==

e’ S  —
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14

Install the 14 rocker arm assemblies you previously built. This is best done by cutting 28 short (approximately 1/2 inch) dowell rods

and gluing them into the holes in the backs of the assemblies. These alignment pins will not be removed at the end of this step.

Lightly coat the backs of the rocker arm assemblies with glue and glue them in place - two to a cylinder head. Before the glue dries,

make sure that each rocker arm engages with it's valve and can move it inwards and outwards. Also, make sure that the rocker arm

can pivot into position with the hole facing forwards as shown in the diagram.
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New Parts
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Pin rod to rocker here.

+ Install Pushrods
inder

16

Exhaust pushrod has a two stub joint, and a slightly steeper angle than the intake pushrod with its three stub joint.

Assembly Rem

Wax the tapered portions of the pushrod lifters on all 14 of the pushrods. Slip the exhaust pushrod ends (7 of them) into the lower
valve guides. Pin the top end of the exhaust pushrods to the rocker arms with 1/2 inch long bits of dowel rod, or with AN470AD-8

aircraft rivets.
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It is easy to sand more material off, but quite difficult to sand more material

back on. Replace the rod, and check again. When all of the valves open and close as they should, a tiny dab of glue on the out-

side edge will keep the pins from falling out.

—s=T
_ == “
———I =zl , _@ _
= =gt N 111
i I ________________________ N r\ \/

n

il i
\i

b .

Slip the intake pushrod ends (7 of them) into the upper valve guides. Pin the top end of the exhaust pushrods to the rocker arms
with 1/2 inch long bits of dowel rod, or with AN470AD-8 aircraft rivets. Check the operation of the valves. If any valves do not
close all all of the way, remove the rod from the affected valve and sand a tiny bit off of the end that goes into the valve case. Go

slowly, and check fit before removing more material.



