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20-AMP 
FUSE 

4-AMP 
FUSE 

© 
charging circuit again with the engine oper
ating. The 4-amp and 20-amp fuses can 
easily be "popped" out their retainers in the 
panel of the junction box base and replaced 
after the cover has been removed. 

3 - Ground the field of the generator 
very QUICKLY and only MOMENTARILY 
with a jumper wire while the engine is 
operating at approximately 2000 rpm. By 
MOMENTARILY grounding the field, the 
voltage regulator is actually bypassed and 
the generator will "run wild". If the amp 
meter registers a high reading while the 
generator field is grounded, the circuit has a 
broken wire, or the voltage regulator is 
defective. If the amp meter reading does 
not change while the generator field is 
grounded, then the indication is a faulty 
generator. 

Voltage Regulator 
1- Disconnect the positive lead from the 

bat tery terminal to prevent an accidental 
short causing damage in the circuit. Loosen 
the two wingnuts on both sides of the junc
tion box cover. These wingnuts are "cap
tive" with the cover and cannot be com
pletely removed, only released from the 
junction box. (This arrangement prevents 
loss of the wingnuts). If the regulator is to 
be replaced, disconnect the wires between 
the generator and the terminal board in the 
junction box at the board. 
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20-AMP 
FUSE 

4-AMP 
FUSE 

FIELD 
TERMINAT 

ARMATURE 
TERMINAL 

2- Place the junction box cover on its 
back and remove the five leads to the 
voltage regulator. Notice how the leads are 
color-coded, as an assist in connecting them 
correctly during installation. Remove the 
attaching hardware securing the voltage 
regulator to the cover. Remove the regula
tor. Place the new regulator in position in 
the junction box cover and secure it with 
the attaching hardware. Connect the four 
color-coded wires to the regulator: Yellow, 
from the generator armature; blue, from the 
generator field; brown, from the battery; 
and the black is the ground wire. A second 
brown wire is connected to the bottom of 
the junction box to allow additional electr i 
cal accessories to be connected. This second 
wire would not have been disconnected to 
remove the regulator. 

BLACK BROWN 

BLUE 

YELLOW 

ARMATURE 

BROWN 

FIELD 

BLACK 

BATTERY 

© 
CRITICAL WORDS 

When a new voltage regulator is instal
led, the generator must be "polarized" BE
FORE the cover is installed. 

3 - "Polarize" the new regulator by first 
connecting the positive lead to the bat tery, 
and then using a small jumper wire to make 
a MOMENTARY connection between the 
battery terminal and the armature terminal 
of the regulator. The generator is now 
properly "polarized" with the new regulator 
for service. 

4- Now, disconnect the positive battery 
lead again, before installing the junction box 
cover. The few moments involved in discon
necting and connecting the positive lead at 
the battery is well spent. This small task 
will prevent any possible short from causing 
damage to the circuit when working with 
the wires. 

5- Install the junction box cover to the 
box base. As the cover is moved into place, 
work the wires alongside the regulator. Se
cure the cover in place with the two "cap
tive" wingnuts. 
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ACCESSORY 
CONNECTOR © 

GENERATOR REMOVAL 
AND DISASSEMBLING 

1- Disconnect the positive lead at the 
battery terminal. Remove the hood from 
the engine. If the engine has a hand starter, 
remove the retaining bolts and lift off the 
hand starter. Prevent the shaft from turn
ing by engaging an open-end wrench with 
the flats on the generator shaft underneath 
the pulley. Now, while continuing to hold 
the wrench on the shaft, remove the nut 
from the top of the generator pulley. Re
move the cover from the inside of the 
generator pulley. 

2- Remove the generator belt from the 
pulley. Use a screwdriver or other similar 
tool and pry the puller up and free of the 
generator shaft. Hold the generator, and at 
the same time remove the nuts from the top 
of the generator support bracket, and the 
generator is free. 

SPECIAL WORDS 
In some cases, it is just as easy to 

remove the 7/16" bolts securing the bracket 

GENERATORS 
L_?ELT 

to the engine, and then to remove the 
bracket and generator together. The brac
ket is then removed from the generator. 

3- Remove the two wires on the bottom 
side of the generator. Notice how one 
generator stud is smaller than the other and 
the electrical connectors are different sizes 
to match the studs. 

it- Remove the two nuts from the wire 
terminals at the bottom of the generator. 
Work out the two white insulators from 
around the studs. Remove the two thru-
bolts. 

ARMATURE 
TERMINAL 

1 

.*v > 

FIELD 
TERMINAL © 

INSULATOR 
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5- Remove the end cap from the gener

ator. After the cap has been removed, take 
notice of the small dowel in the end of the 
generator. This dowel ensures the cap will 
be installed correctly when the dowel is 
indexed in a matching hole in the cap. Pull 
the armature and upper cap out of the 
frame. 

ARMATURE TESTING 

Testing for a Short 
6- Position the armature on a growler, 

then hold a hacksaw blade over the arma
ture core. Turn the growler switch to the 
ON position. Slowly rotate the armature. If 
the hacksaw blade vibrates, the armature or 
commutator has a short. Clean the prooves 

COMMUTATOR-
between the commutator bars on the arma
ture . Perform the test again. If the hack
saw blade still vibrates during the tes t , the 
armature has a short and MUST be replaced. 

Testing for a Ground 
7- Obtain a test lamp or continuity me

ter . Make contact with one probe lead on 
the armature core and the other probe lead 
on the commutator bar. If the lamp lights, 
or the meter indicates continuity, the arma
ture is grounded and MUST be replaced. 

Checking the Commutator Bar 
8- Check between or check bar-to-bar 

as shown in the accompanying illustration. 
The test light should light, or the meter 
should indicate continuity. If the commuta
tor fails the tes t , the armature MUST be 
replaced. 

Field Coil Test for Ground 
9- Check to be sure the free end of the 

field wire is not grounded to the frame and 

ARMATURE 

© COMMUTATOR' © 
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GROUND 
(TO FRAME) 

the field insulation is not broken. Using a 
test lamp or ohmmeter, make contact with 
one probe lead to the ground of the genera
tor frame. Make contact with the other 
lead to the field terminal. If the lamp lights 
or the ohmmeter indicates continuity, the 
field coils are grounded. If the location of 
the ground in the field coils cannot be 
determined, or repaired, the coils MUST be 
replaced. 

Armature Terminal Test for Ground 
10- Check to be sure the loose end of 

the armature terminal lead of the generator 
is NOT grounded to the frame. Using a test 
lamp or ohmmeter, make contact with one 
probe lead to the armature terminal of the 
generator. Make contact with the other 
probe lead to a good ground on the genera
tor frame. If the test lamp lights or the 
ohmmeter indicates continuity, the positive 
terminal insulation through the generator 
frame is broken down and MUST be replac
ed. 

GROUND 
(TO FRAME)y 

Positive Brush Test for Ground 
11- Using a test lamp or ohmmeter, 

make contact with one probe lead to the 
positive or insulated brush holder. Make 
contact with the other probe lead to a good 
ground on the generator frame. If the lamp 
lights, or the ohmmeter indicates continui
ty, the brush holder is grounded due to 
defective insulation at the frame. 

Field Test 
12- Using a test lamp or ohmmeter, 

make contact with one probe lead to the 
armature stud. Make contact with the other 
probe lead to the armature brush. The lamp 
should light or the ohmmeter should indicate 
continuity. If this test is not successful, 
check for a poor connection between the 
stud and the brush. 

CLEANING AND INSPECTING 

Check the ball bearing at the end of the 
commutator bar. Verify that the bearing 
turns free with no sign of "rough spots" or 
binding. Hold the armature in one hand and 

ARMATURE 
TERMINAL 

■■ * \ 1*-

&&:*■ ARMATURE i* 
&\-'.':- BRUSH 
■$*■.-■■■-. - > - i - ; ; 
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Exploded drawing showing arrangement of principle parts to a typical generator. 
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CAP 

CORRECT INCORRECT 
Armature segments properly cleaned (left) and im

properly cleaned (right). 

turn the upper cap OR the shaft with the 
other hand. The cap and shaft should turn 
freely with no sign of binding. If either tes t 
is not successful, the bearing MUST be re
placed. 

Check the amount of brush wear. If the 
brush is worn more than 50% of its original 
size, or to within 1/4" of the base, it should 
be replaced. Replacement of the brushes is 
a simple task. First, remove the brush 
retaining screw, and then remove the old 
brush and install a new brush. Secure the 
new brush in place with the retaining screw. 

If the armature commutator requires 
turning, it should be turned in a lathe to 
ensure accuracy. The local generator shop 
can perform this task, usually for a very 
reasonable fee. If the turning is accom
plished by other than generator shop person
nel, the following words are necessary. Af
ter the turning, an undercut should be made. 
The insulation between the commutator bars 
should be 1-3/4 ". This undercut must be 
the full width of the insulation and flat at 
the bottom. A triangular groove is NOT 
satisfactory. After the undercut work is 
completed, the slot should be thoroughly 
cleaned to remove any foreign material , 
dirt , or copper dust. Sand the commutator 
LIGHTLY with "00" sandpaper to remove 
any slight burrs left from the undercutting. 
After all work has been completed, test the 
unit again, on the growler. 

* ■ ■ . . . • ' • ' ; ■ . ' ■ 

© 
ASSEMBLING THE GENERATOR 

1- Slide the armature into the frame and 
align the top armature cap with the dowel in 
the frame. Proper alignment is achieved 
when the dowel in the frame indexes into a 
matching hole in the cap. As the armature 
is moved into place, pull back on the brush
es, and work them around the commutator 
bar. 

2 - Install the end cap down over the 
studs of the field and armature. Check to 
be sure the dowel in the frame has indexed 
with the hole in the cap. 

3 - Install the two thru-bolts and secure 
the complete assembly with the nuts. 

*- Place the two insulators over the 
terminal studs of the armature and field. 
Secure the bushings in place with the wash
ers and proper nuts (one terminal is larger 
than the other). 

© 
DOWEL 

MATCHING 
HOLE IN CAP 

INSULATOR 
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Testing by Rotating the Armature 
Performing this test will also "polarize" 

the new or rebuilt generator. If this test is 
not performed, the new or rebuilt generator 
MUST still be "polarized" following installa
tion. "Polarization" at that t ime is ac 
complished by first connecting the battery 
to the system in the normal manner, and 
then connecting a jumper lead to the BAT 
terminal of the voltage regulator. Next, 
MOMENTARILY make contact with the 
other end of the jumper lead to the GEN 
terminal of the regulator. The generator is 
now "polarized" for service. 

Now, returning to bench testing after 
rebuilding the generator: 

CAUTION: The armature will turn ra
pidly during this test . Therefore, the gener
ator MUST be well SECURED before making 
the test to prevent personal INJURY or 
damage to the generator. 

1- Connect a jumper wire between the 
field terminal and a good ground on the 
case. Connect a second jumper wire be
tween the positive battery terminal and the 
ground stud on the armature. MOMENTAR
ILY make contact with the positive lead 
from the battery to the armature lead of 
the generator. The generator should rotate 
rapidly. If the generator fails to ro ta te , the 
generator must be disassembled again and 
the service work carefully checked. Sorry 

GROUND 
(TO FRAME) 

FIELD 
TERMINAL 

POSITIVE 
BATTERY LEAD 

/ 

([GENERATOR 
1 BELT 

about that , but some phase of the rebuild 
task was not performed properly. 

2- Install the holding bracket to the gen
erator, or if the bracket remained on the 
engine, install the generator into the brac
ket and secure it in place with the attaching 
hardware, but DO NOT tighten the nuts on 
the generator thru-bolts at this t ime. 
Check to be sure the Woodruff key is in 
place in the generator shaft. Slide the 
pulley onto the armature shaft with the slot 
in the pulley indexed with the Woodruff key. 
Install the drive belt around the pulley on 
the flywheel and the generator pulley. 

3 - Install the pulley cap, lockwasher, 
and nut, to secure the generator pulley in 
place. Hold the generator shaft from turn
ing with an open wrench on the flats of the 
shaft underneath the pulley. Adjust tension 
on the generator pulley by pulling the gener
ator away from the engine, and then tight
ening the thru-bolt nuts securing the gener
ator in the bracket. The pulley is properly 
adjusted when it may be depressed approxi
mately 1/4" at a point midway between the 
two pulleys. 

BATTERY 
GROUND © 
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6-10 ALTERNATOR CHARGING 
CIRCUIT SERVICE 

An alternator charging circuit is stan
dard equipment on the larger horsepower 
units. However, because of the advantages 
over the standard generator, an alternator 
may be found on all except for the very 
smallest engines. 

The circuit consists of the flywheel, gen
erating coils (commonly referred to as the 
"stator") and the rectifier, including a posi
tive and negative diode. Function of the 
diodes is to change the alternating current 
produced to direct current to charge the 
battery. Very li t t le service is required for 
this system. Troubleshooting is confined to 
work with an ohmmeter. Seldom, if ever, do 
the magnets in the flywheel lose their mag
netism. Problems with the circuit are usu
ally traced to the circuitry, such as a burned 
coil wire, or defective diodes. 

SPECIAL WORDS 
A diode in an electrical circuit could be 

compared with a check valve in a hydraulic 
system. A check valve will allow fluid to 
pass in one direction, but close and prevent 
the fluid from moving in the opposite direc

tion regardless of the pressure buildup. 
Likewise, a diode will allow electrical cur
rent to move in one direction but close the 
circuit and prevent any current flow in the 
opposite direction. Therefore, when testing 
the circuit with an ohmmeter, the meter 
should indicate current flow in one direction 
but not in the opposite direction. 

TROUBLESHOOTING 

Failure in the alternator charging circuit 
will usually become evident when the bat
tery reaches a run-down condition. To de
termine why the charging system has failed 
to maintain the battery in satisfactory con
dition, first, check the condition of the 
bat tery and all electrical connections, es
pecially at the battery terminals. Many 
t imes, this visual inspection will reveal the 
problem area. 

Verify the battery cables have been 
PROPERLY connected. If the battery has 
not been connected properly the diodes in 
the circuit will be blown instantly. Deter
mine the number of accessories connected, 
their draw, and the capability of the system 
to maintain the battery in a fully charged 
condition. 
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7 
STATOR 

Schematic drawing of the low-output alternator 
system without a voltage regulator. 

VOLTAGE 
RECTIFIER REGULATOR AMMETER 

STATOR BATTERY KEY 
SWITCH 

Schematic drawing of a high-output alternator 
system with a voltage regulator installed. 
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SAFETY WORD 
Before conducting any troubleshooting 

tests or actual service work, the bat tery 
cables should be disconnected at the battery 
terminals. Battery current is NOT required 
for any -of the following troubleshooting 
tests. This safety measure will prevent 
accidental current from reaching a compo
nent resulting in possible damage to the part 
or personal injury. 

Testing Diodes Use High-Ohm Scale 
1- Check the diodes by connecting one 

test lead of an ohmmeter to one of the 
yellow wires at the diode and the other tes t 
lead to a good ground. Now reverse the 
connections. The ohmmeter should indicate 
current flow in only one direction. Perform 
the test on the other yellow lead. If current 
flow is indicated in both directions, the 
diode is defective and MUST be replaced. 

2- Connect one ohmmeter test lead to 
the yellow diode lead and the other test lead 
to the red lead of the rectifier. Observe the 
ohmmeter reading. Now, reverse the tes t 
leads and again observe the ohmmeter. 
Current should be indicated in only one 
direction. Next, connect the test lead to 
the other diode yellow lead and perform the 
same two tes ts . If current flow is indicated 
in both directions when the test lead is 
connected to either of the yellow leads, the 
diode is defective and MUST be replaced. 

Tightening the wingnuts of a cable connection at the 
battery terminal using a pair of pliers. Tightening the 
wingnuts by hand is not adequate as explained in the 
text. The battery terminals MUST be kept clean with 
an alternator system. 

ALTERNATOR SERVICE 6-23 
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Testing the Stator Use Low-Ohm Scale 
Very seldom does the stator cause prob

lems in the charging circuit. However, if 
other checks have been performed and the 
stator is suspected as the problem area, 
first make a careful visual check of the 
stator for physical damage. If the visual 
inspection fails to indicate the problem, 
proceed as follows to test the stator: 

3- Disconnect both battery cables. Dis
connect the Yellow, Yellow/Blue and the 
Yellow/Grey stator leads from the terminal 
block. Set the meter to the RxlOOO scale. 
Make contact with the Black meter lead to 
a good engine ground. Make contact with 
the Red meter lead to the Yellow/Blue 
stator lead and then to the Yellow lead, and 
finally to the Yellow/Grey lead. In each 
case, the meter should register NO continu
ity. If any other reading is registered, the 
stator is grounded and MUST be replaced. 
Replacement procedures are given in Step 5. 

it- Set the ohmmeter to the Rxl scale. 
Make contact with the Black meter lead to 
the Yellow/Blue stator lead. Make contact 
with the Red meter lead to the Yellow 
stator lead. The meter should register be
tween 0.22 and 0.32 ohms for all models 
covered in this manual with the following 
two exceptions: 

50 hp -- 1971 to 1975 — 1.0 to 2.0 ohms. 
55 hp - 1978 to 1977 - 1.0 to 1.6 ohms. 

OHMMETER 

\ 

Functional diagram to show the flywheel and stator 
arrangement for a typical alternator system. 

Keep the black meter lead in place and 
move the Red meter lead to contact the 
Yellow/Grey stator lead. The meter should 
register the same reading as in the previous 
test. 
Stator Replacement 

5- Because the stator is located under 
the flywheel, the proper puller must be 
obtained; the flywheel removed; the two and 
sometimes three yellow wires disconnected 
at the junction box; and then the stator 
assembly removed. The new stator is instal
led and secured with the attaching hard
ware; the wires connected to the junction 
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box; end the flyv heel instilled ;i.nd secured. 
r.etciJj of. flywheel ren oval :irc' installatiop 
v.iil he found in Chapter 5. 

6- I se Lect ' t f on threads of the stater 
rtt£ic:h:iP screw c. to prevent tl-.er fror-i vi-
bratinr. loose arc! beir t r.truc!* by the fly
wheel. 

Diode Replacement 
7- The c'icdr csscrr-bly is a sealed '.::■:it 

secured to t!ie t en .inal biccl: v ith two 
attaching screws. Take note of the wire 
color coding and the terminals to which 
each is connected as an aid during installa
tion of the new diode. Disconnect the two 
yellow and one red wire from the diode. 
Remove the two attaching screws, and then 
the diode assembly. Secure the new diode 
assembly in place with the two attaching 
screws, and then connect the two yellow and 
one red wire to the same assembly terminals 
from which they were disconnected. 

Tightening the screws that extend down through the 
stator coil assembly using a Phillips screwdriver. 
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GROUND 

\ 

© 
6-11 CHOKE CIRCUIT SERVICE 

This short section provides instructions 
to test the choke circuit. If the system fails 
the tes t , the attaching hardware can be 
removed and the choke assembly replaced. 

Choke Circuit Testing 
1- The choke circuit may be quickly 

tested to determine if it is functioning prop
erly as follows: 

a- Obtain an ohmmeter. 
b - Connect the black meter lead to an 
unpainted portion of the engine block 
for a good ground. 
c - Connect the red meter lead to the 
choke terminal. 
d- Test the circuit using the Rxl scale 
of the ohmmeter. A satisfactory read
ing is approximately 3 ohms. 
e- After the test is completed, check to 
be sure the choke plunger is pulled into 
the choke solenoid. 

6-12 STARTER MOTOR CIRCUIT SERVICE 

CIRCUIT DESCRIPTION 

As the name implies, the sole purpose of 
the s tar ter motor circuit is to control oper
ation of the starter motor to crank the 
engine until the engine is operating. The 
circuit includes a solenoid or magnetic 
switch to connect or disconnect the s tar ter 
from the battery. The operator controls the 
switch with a pushbutton or key switch. 

A cutout switch is installed in the sys
tem to prevent starting the engine if the 
throt t le is advanced too far, beyond idle 
speed. When the throt t le is advanced, the 
starter solenoid is not grounded and the 
starter motor will not rotate . On electric 
shift models, a cutout switch is installed in 
the circuit to permit operation of the s tar t 
er motor ONLY if the shift control lever is 
in NEUTRAL. This switch is a safety device 
to prevent accidental engine star t when the 
engine is in gear. 

STARTER MOTOR DESCRIPTION 

Prestolite and Bosch star ter motors are 
used on the Johnson/Evinrude engines cover
ed in this manual. These two star ter motors 
are used interchangeably. Therefore, two 

STARTER 
SOLENOID 

GROUND 
STARTER 
GROUND 

SAFETY SWITCH 

Functional diagram depicting current flow when the key switch is turned to the START position. 
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engines of the same horsepower and model 
year may have either the Prestolite or 
Bosch unit installed. 

Marine starter motors are very similar in 
construction and operation to the units used 
in the automotive industry. All marine 
starter motors use the inertia-type drive 
assembly. This type assembly is mounted on 
an armature shaft with external spiral 
splines which mate with the internal splines 
of the drive assembly. 

The starter motor is a series wound 
electric motor which draws a heavy current 
from the battery. It is designed to be used 
only for short periods of t ime to crank the 
engine for starting. To prevent overheating 
the motor, cranking should not be continued 
for more than 30 seconds without allowing 
the motor to cool for at least three minutes. 
Actually, this t ime can be spent in making 
preliminary checks to determine why the 
engine fails to s tar t . 

Most s tar ter motors operate in much the 
same manner and the service work involved 
in restoring a defective unit to service is 
almost identical. Therefore, the informa
tion in this chapter is grouped together for 
the major components of the starter under 
separate headings. Differences, where they 
occur, between the various manufacturers, 
are clearly indicated. 

Theory of Operation 
Power is transmitted from the starter 

motor to the engine flywheel through a 
Bendix drive. This drive has a pinion gear 
mounted on screw threads. When the motor 
is operated, the pinion gear moves up to 
mesh with the teeth on the flywheel ring 
gear. 

When the engine s tar ts , the pinion gear 
is driven faster than the shaft, and as a 
result, it screws out of mesh with the fly
wheel. A rubber cushion is built into the 
Bendix drive to absorb the shock when the 
pinion meshes with the flywheel ring gear. 
The parts of the drive MUST be properly 
assembled for efficient operation. If the 
drive is removed for cleaning, TAKE CARE 
to assemble the parts as shown in the ac
companying illustration. If the screw shaft 
assembly is reversed, it will strike the splin
es and the rubber cushion will not absorb the 
shock. 

The sound of the motor during cranking 
is a good indication of whether the s tar ter 
motor is operating properly or not. Natural

ly, temperature conditions will affect the 
speed at which the s tar ter motor is able to 
crank the engine. The speed of cranking a 
cold engine will be much slower than when 
cranking a warm engine. An experienced 
operator will learn to recognize the favor
able sounds of the cranking engine under 
various conditions. 

Faulty Symptoms 
If the starter spins, but fails to crank the 

engine, the cause is usually a corroded or 
gummy Bendix drive. The drive should be 
removed, cleaned, and given an inspection. 

If the starter motor cranks the engine 
too slowly, the following are possible causes 
and the corrective actions that may be 
taken: 

a- Battery charge is low. Charge the 
battery to full capacity. 
b - High resistance connections at the 
bat tery, solenoid, or motor. Clean and 
tighten all connections. 
c - Undersize battery cables. Replace 
cables with sufficient size. 
d- Battery cables too long. Relocate 
the battery to shorten the run to the 
starter solenoid. 

Maintenance 
The starter motor does not require peri

odic maintenance or lubrication EXCEPT 
just a drop of lightweight oil on the s tar ter 
shaft to ease movement of the Bendix drive. 
If the motor fails to perform properly, the 
checks outlined in the previous paragraph 
should be performed. 

The frequency of starts governs how 
often the motor should be removed and 
reconditioned. The manufacturer recom
mends removal and reconditioning every 
1000 hours. 

Naturally, the motor will have to be 
removed if the corrective actions outlined 
under Faulty Symptoms above, does not re
store the motor to satisfactory operation. 

STARTER MOTOR TROUBLESHOOTING 

Before wasting too much time trouble
shooting the starter circuit, the following 
checks should be made. Many times, the 
problem will be corrected. 

a- Battery fully charged. 
b - Throttle advanced too far (beyond 
fast idle speed). 
c - Shift control lever not in NEUTRAL 
(electric shift models only). 
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BATTERY 

WL-

Two handy instruments for use in checking the 
generating circuit (left) and the starter motor circuit 
(right). These meters do not require any wire connec
tions. A reading will be obtained by simply placing the 
meter on the line. 

d- All electrical connections clean and 
tight. 
e - Wiring in good condition, insulation 
not worn or frayed. 
f- One of the cutout switches may be 
defective. 
Two more areas may cause the engine to 

turn over slowly even though the s tar ter 
motor circuit is in excellent condition: A 
tight or "frozen" engine; or water in the 
lower unit causing the bearings to tighten 
up. The following troubleshooting proce
dures are presented in a logical sequence, 
with the most common and easily corrected 
areas listed first in each problem area. The 
connection number refers to the numbered 
positions in the accompanying illustrations. 

PINION 
GEAR 

Typical Bendix spring arrangement on a starter 
motor. A small amount of oil on the shaft in the spring 
area will prolong satisfactory operation. 

KEY 
SWITCH 

STARTER 

Functional diagram of a starter motor solenoid. 
Notice the separate terminal for a ground wire. This 
solenoid is NOT grounded through the mounting bracket. 

Perform the following quick checks and 
corrective actions for following problems: 

TESTING 

SAFETY WORD 
Before making any test of the cranking 

system, disconnect the spark plug leads a t 
the spark plugs to prevent the engine from 
possibly starting during the test and causing 
personal injury. 

The following tests are to be performed 
according to the faulty condition described. 
The numbers referenced in the steps are 
correlated with numbers on the accompany
ing circuit diagram to identify exactly 
where the connection or test is to be made. 

MOUNTING BRACKET 

TO IGNITION 
COIL 

STARTER 
Functional diagram of a "slave-type" starter motor 

solenoid used on four-cycle engine installations. """*" 
solenoid CANNOT be used on a two-cycle engine. 

This 
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STARTER 

Functional diagram of a typical two-cycle outboard 
engine starter motor solenoid. Notice that the right-
hand small terminal is connected to ground or a safety 
switch. The unit is NOT grounded through the mounting 
bracket. 

Starter Motor Turns Slowly 
a- Battery charge is low. Charge the 

bat tery to full capacity. 
b - Electrical connections corroded or 

loose. Clean and tighten. 
c - Defective starter motor. Perform an 

amp draw test. Lay an amp draw gauge on 
the cable leading to the starter motor No. 5. 
Turn the key to the START position and 
a t tempt to crank the engine. If the gauge 

indicates an excessive amperage draw, the 
s tar ter motor MUST be replaced or rebuilt. 

Starter Motor Fails To Turn Over 
Voltage Check 

a- Check the voltage at No. 2, the bat
tery and ground. 

b - If satisfactory voltage is indicated at 
the battery, check the voltage at No. 3, the 
positive side of the starter solenoid. Weak, 
or no voltage at this point indicates corrod
ed bat tery terminals, poor connection at the 
solenoid, or defective wiring between the 
bat tery and the solenoid. 

c - Test the voltage at No. 4, the key. A 
full 12-volt reading should be registered at 
the key. Weak or no voltage at the key 
indicates a poor connection at the solenoid, 
or a broken wire between the s tar ter sole
noid and the key. 

d- If satisfactory voltage is indicated 
during Steps a, b, and c, connect a volt 
meter at No. 5 and ground, and then turn 
the key switch to the START position. If 9-
1/2 or more volts is registered at No. 5 and 
the s tar ter still fails to operate , the s tar ter 
is defective and requires service. If voltage 

SWITCH 

Diagram of hookup for making the various tests outlined in the text. 
shown are to be used when testing the starter motor components. 

CUT-OUT 
SWITCH 
This illustration and the numbers 
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is NOT present at No. 5, proceed to the next 
section, Testing Starter Solenoid. 

Testing Starter Solenoid 

FIRST THESE WORDS 
The starter solenoid is actually nothing 

more than a switch between the battery and 
the starter motor. Several types of sole
noids are used and many appear similar. 
NEVER a t tempt to use an automotive-type 
solenoid in a marine installation. Such prac
tice will lead to more problems than can be 
imagined. An automotive-type solenoid has 
a completely different internal wiring cir
cuit. If such a solenoid is connected into 
the starter system, and the system is act i 
vated, current will be directed to ground. 
The wires will be burned and the cutout 
switch will be burned and rendered useless. 
Therefore, when installing replacement 
parts in the starter or other circuits on a 
marine installation, always take t ime to 
obtain parts from a MARINE outlet to en
sure proper service and to prevent damage 
to other expensive components. 

a- Remove the heavy starter cable at 
No. 5, at the starter . This cable MUST be 
disconnected prior to performing this tes t to 
prevent the starter motor from turning and 
cranking the engine. Connect a voltmeter 
to No. 6 (the starter solenoid), and ground. 
Turn the key to the START position. The 
meter should indicate 12 volts. If voltage is 
not present at No. 6, the key switch is 
defective, or the wire is broken between the 
key switch and the s tar ter solenoid. 

b - If voltage is present at No. 6, connect 
a voltmeter at No. 3 and at No. 7. Connect 
one end of a jumper wire to No. 2, the 
positive terminal of the battery and MO
MENTARILY make contact with the other 
end at No. 6, the starter solenoid. If volt
age is indicated through the s tar ter sol
enoid, the solenoid is satisfactory and the 
problem has been corrected while making 
the tests . Sometimes, when working with 
electrical circuits, corrective action has 
been taken almost accidently, a bad connec
tion has been made good, e tc . If the sole
noid test failed, it does not necessarily 
mean the solenoid is defective. The sole
noid may not be properly grounded through 
the cutout switch. Therefore, the cutout 
switch may be defective and should be 
checked as outlined later in this section. 

c - With the voltmeter still connected at 

No. 3 and No. 7, connect one end of a jump
er wire a t No. 8, the starter solenoid, and 
the other lead to a good ground. Connect a 
second jumper wire at No. 2, the positive 
terminal of the battery, to No. 6, the 
starter solenoid. The voltmeter should indi
cate voltage is present. If voltage is not 
present, the s tar ter solenoid is defective 
and MUST be replaced. 

Testing Throttle Advance Cutout Switch 
a- Remove the existing wire from 

No. 1, the switch terminal. Connect one 
probe lead of an ohmmeter to the terminal. 
Connect the other test probe lead to a good 
ground. Depress the switch button and the 
ohmmeter should indicate continuity. If 
continuity is not indicated, the switch is 
defective and MUST be replaced. Connect 
the heavy cable at No. 5, the starter motor. 
On 50 hp, 55 hp, 60 hp and 40 hp models, 
since 1983, the cutout switch is located in 
the shift box and functions in the same 
manner as the cutout switch mounted on the 
engine. 

6-13 STARTER DRIVE GEAR SERVICE 

STARTER REMOVAL 
Before beginning any work on the s tar ter 

motor, disconnect the positive (+) lead from 
the battery terminal. Remove the hood. 
Disconnect the red cable at the s tar ter 
motor terminal. 

Remove the 1/2" bolt securing the star
ter bracket. This bolt is located on the 
starboard side of the engine just above the 
carburetor. Remove the three 7/16" bolts 
(or nuts in some cases) securing the s tar ter 
motor bracket to the engine. Remove the 
starter motor and bracket together. 

DRIVE GEAR DISASSEMBLING 

Two types of drive gear arrangements 
are used on Johnson/Evinrude outboard star
ter motors covered in this manual. One has 
a spring and spring retainer installed above 
the drive gear, and then the nut securing 
these parts on the drive shaft. This unit is 
very simple in construction and therefore, 
the service procedures, including disassemb
ling and assembling are not difficult or 
involved. This drive gear is referred to as 
Type I. The other is very similar except for 
the arrangement of parts on the armature 
shaft. This second unit is referred to as 
Type II. 
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PINION 
GEAR 

WORN 
TEETH 

Removing the starter drive using an open-end 
■wrench and a box-end wrench to remove the shaft nut. 

To determine which starter motor drive 
type is being serviced observe the unit and 
make a comparison with the two exploded 
illustrations in this section, especially the 
pinion gear and the screw shaft. 

DISASSEMBLING 
Type I Drive Gear 

Prevent the armature from turning by 
holding it with the proper size wrench on 
the hex nut provided for this purpose on the 
opposite end from the shaft nut. If the hex 
nut is not provided, hold the drive assembly 
with a pair of water pump pliers. Remove 
the shaft nut, spring retainer, spring, and 
then the drive assembly. The shaft nut 

PINION 
GEAR 

Worn teeth on a Bendix drive gear. This gear is no 
longer fit for service. 

should be replaced and NOT used a second 
t ime. The manufacturer STRONGLY rec
ommends against using any type of self-
locking nut on the shaft. 

The exploded drawing accompanying this 
section will be helpful in assembling the 
s tar ter motor in the proper sequence. 

CLEANING AND INSPECTING 

Inspect the drive gear teeth for chips, 
cracks, or a broken tooth. Check the spline 
inside the drive gear for burrs and to be sure 
the drive gear moves freely on the armature 
shaft. Check to be sure the return spring is 
flexible and has not become distorted. 
Clean the armature shaft with crocus cloth. 

X" 
X X s CUP SPRING 

.PINION 
GEAR 

Removing the drive gear using a pair of pliers to 
hold the gear and a box-end wrench to remove the shaft 
nut. 

Installation sequence of parts when assembling the 
drive gear. 
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ASSEMBLING 
Type I Starter Drive 

Begin by assembling the following parts 
in the order given. The accompanying illus
tration will be most helpful in assembling 
the parts ' in the proper sequence. First , 
slide the drive gear onto the shaft, then the 
spring, spring retainer, and then a NEW 
locking nut. Prevent the armature shaft 
from turning by holding it with the proper 
size wrench on the hex nut provided for this 
purpose on the opposite end from the shaft 
nut. If the armature hex nut is not provid
ed, hold the drive assembly with a pair of 
water pump pliers. Tighten the shaft nut 
securely. 

To test the complete s tar ter motor, pro
ceed directly to Section 6-16. 

To install the starter motor onto the 
engine, if no further work is to be perform
ed, proceed directly to Section 6-17. 

DISASSEMBLING 

Type II Drive Gear with Rubber Cushion 
First, remove the nut from the end of 

the armature shaft. Scratch a mark on the 
top of the screw shaft and one on the top of 
the pinion as an aid during assembling. 
These marks will identify the top of both 
parts. Next, remove the following parts in 
the sequence given: the pinion stop; ant i -
drift spring; sleeve; screw shaft cup; screw 
shaft; pinion; thrust washer; cushion cap; 
cushion; and the cushion retainer. The ex
ploded drav/ing accompanying this section 
will be helpful in assembling the starter 
motor in the proper sequence. 

CLEANING AND INSPECTING 

Inspect the drive gear teeth for chips, 
cracks, or a broken tooth. Check the spline 
inside the drive gear for burrs and to be sure 
the drive gear moves freely on the armature 
shaft. Check to be sure the return spring is 
flexible and has not become distorted. In
spect the rubber cushion for cracks and for 
signs of oil on the cushion. Clean the 
armature shaft with crocus cloth. 

ASSEMBLING 

Type II Drive Gear with Rubber Cushion 
Begin by assembling the following parts 

in the sequence given; The accompanying 
illustration will be most helpful in assemb

ling the parts in the proper sequence. 
First , slide the cushion retainer down 

onto the drive end cap, with the shoulder 
facing UPWARD. Next, slide the cushion 
down the armature shaft and seat it over 
the shoulder of the retainer. Install the 
cushion cap over the cushion. Slide thrust 
washer down the armature shaft onto the 
top of the cap. Rotate the screw shaft 
clockwise into the pinion, and then slide the 
pinion and screw shaft down the armature 
shaft onto the thrust washer. Install the cap 
over the end of the screw shaft. 

STOP 
PINION 

SPRING 

SLEEVE 

SCREW SHAFT 
CAP 

SCREW 
SHAFT 

PINION 

THRUST 
WASHER 

CUSHION 

RETAINER 
CUSHION 

Exploded drawing of the Type II drive gear. 
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Slide the following parts onto the arma
ture shaft in the order given: the sleeve; 
spring; pinion stop washer; and finally 
thread the nut onto the end of the shaft. 
Tighten the nut securely. 

To test the complete starter motor, pro
ceed directly to Section 6-16. 

To install the starter motor onto the 
engine, if no further work is to be perform
ed, proceed directly to Section 6-17. 

m 
ALIGNMENT 
MARK 

6-1* BOSCH STARTER MOTOR SERVICE 

REMOVAL 

1- Before beginning any work on the 
starter motor, disconnect the positive (+) 
lead from the battery terminal. Remove 
the engine hood. Disconnect the red cable 
at the starter motor terminal. Remove the 
three attaching bolts securing the s tar ter 
motor to the engine. One bolt is very near 
the carburetor and the other two bolts are 
on the side. Remove the s tar ter motor from 
the engine. 

GOOD NEWS 
If the only motor repair necessary is 

replacement of the brushes, the drive gear 
does not have to be removed. All s tarter 
motors have thru-bolts securing the upper 
and lower cap to the field frame assembly. 
In all cases both caps have some type of 
mark or boss. These marks are used to 
properly align the caps with the field frame 
assembly. 

© 
BRUSHES 

© 

Typical brush spring. If the springs have turned blue 
in color, they must be replaced. 
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DISASSEMBLING 

2- Observe the caps and find the identi
fying mark or boss on each. If the marks 
are not visible, make an identifying mark 
prior to removing the thru-bolts as an essen
tial aid during assembling. Remove the 
thru-bolts from the bracket and the s tar ter 
motor. 

3 - Use a small hammer and CARE
FULLY tap the lower cap free of the s tar ter 
motor. On the Bosch starter motor, the 
brushes are mounted in the end cap. Take 
care not to lose the four springs and four 
brushes when the end cap is removed and 
the brushes pop out. 

4- Pull on the armature shaft from the 
drive gear end and remove it from the field 
frame assembly. 

ARMATURE TESTING 

Testing for a Short 
1- Position the armature on a growler, 

then hold a hacksaw blade over the arma
ture core. Turn the growler switch to the 
ON position. Slowly rotate the armature. If 
the hacksaw blade vibrates, the armature or 
commutator has a short. Clean the grooves 
between the commutator bars on the arma
ture. Perform the test again. If the hack
saw blade still vibrates during the tes t , the 
armature has a short and MUST be replaced. 

Zesting for a Ground 
2- Obtain a test lamp or continuity me

ter. Make contact with one probe lead on 

© 

the armature core and the other probe lead 
on the commutator bar. If the lamp lights, 
or the meter indicates continuity, the arma
ture is grounded and MUST be replaced. 

Checking the Commutator Bar 
3 - Check between or check bar-to-bar 

as shown in the accompanying illustration. 
The test light should light, or the meter 
should Indicate continuity. If the commuta
tor fails the tes t , the armature MUST be 
replaced. 

Turning the Commutator 
4- True the commutator, if necessary, in 

a lathe. NEVER undercut the mica because 
the brushes are harder than the insulation. 
Undercut the insulation between the com
mutator bars 1/32" to the full width of the 
insulation and flat at the bottom. A triang
ular groove is not satisfactory. After the 
under-cutting work is completed, clean out 
the slots carefully to remove dirt and cop
per dust. Sand the commutator lightly with 
No. "00" sandpaper to remove any burrs left 
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from the undercutting. Check the armature 
a second time on the growler for possible 
short circuits. 

Positive Brushes 
5- The positive brushes can always be 

identified as the brush with the lead con
nected to the starter terminal. 

Obtain an ohmmeter. Connect one lead 
of the meter to the positive terminal of the 
cap and the other lead alternately to the 
positive brushes. The ohmmeter MUST 
indicate continuity between the brush and 
the terminal. If the meter indicates any 
resistance, check the lead to the brush and 
the lead to the positive terminal solder 
connection. If the connection cannot be 
repaired, the brush MUST be replaced. 

Negative Brush 
6- The negative brush can always be 

identified because the lead is connected to 
the s tar ter cap. 

Obtain an ohmmeter. Make contact with 
one lead to the starter motor frame and the 
other lead alternately to the negative brush
es. If the meter does not indicate continu
ity, the field coils open and MUST be replac
ed. 

CLEANING AND INSPECTING 

Clean the field coils, armature, commu
tator , armature shaft, brush-end plate and 

drive-end housing with a brush or compress
ed air. Wash all other parts in solvent and 
blow them dry with compressed air. 

Inspect the insulation and the unsoldered 
connections of the armature windings for 
breaks or burns. 

Perform electrical tests on any suspect
ed defective part , according to the pro
cedures outlined in Section 6-14. 
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">to 

Brush springs removed from a starter motor. The 
length and condition of all springs must be equal for 
proper operation. If the springs have been stretched, or 
appear bluish in color the complete set should be 
replaced. Usually it is not good shop practice to 
replace less than a full set of springs. 

NEGATIVE 
BRUSHES 

Hookup to check the continuity between the nega
tive brushes in a Bosch starter motor, as explained in 
the text. 

FRAME 

BRUSH 
SET 

SHAFT 
NUT 

DRIVE 
ASSEMBLY 

CAP 
ASSEMBLY 

CAP 
ASSEMBLY 

ARMATURE 

Exploded drawing showing arrangement of principle Bosch starter motor parts. 
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POSITIVE 
BRUSH 

? VOLTS-POIMT8 *■ 

OWSll—y I /—AMPS 
a^t, ^ ■ ^ * K S S * 1 - — 

»» 
Checking the positive brushes on a Bosch starter 

motor. Each test lead is connected to a positive brush. 
Continuity must be indicated between the brushes. 

Check the commutator for run-out. In
spect the armature shaft and both bearings 
for scoring. 

Turn the commutator in a lathe if it is 
out-of-round by more than 0.005". 

Check the springs in the brush holder to 
be sure none are broken. Check the spring 
tension and replace if the tension is not 32-
40 ounces. Check the insulated brush hold
ers for shorts to ground. If the brushes are 
worn down to 1/4" or less, they must be 
replaced. 

Check the field brush connections and 
lead insulation. A brush kit and a contact 
kit are available at your local marine deal
er, but all other assemblies must be replac
ed rather than repaired. 

The armature, fields, and brush holders 
must be checked before assembling the star-

" . • "■'W» ■ 

' ' ' < » ■ • ' ! • • 
; •'*'■■-.: '"■'• »*««£?&' 

- • »"fr * H ' -••"'*. % i '-Ms • 

CRACKED ^v 
CAP ■?'■; ■ 

Cracked lower end cap of a Bosch starter motor. 
This damage was caused by salt water corrosion. 
ter motor. See the testing section in this 
chapter for detailed procedures to test the 
starter motor. 

ASSEMBLING THE BOSCH 

Brush Installation 
1- Both the positive and negative brush

es on a Bosch starter motor are mounted in 
the lower cap. The positive brushes are 
attached to the positive terminal and are 
sold as an assembled set. The negative 
brushes are attached to the lower cap with a 
bolt. 

To remove the positive brushes, slip the 
terminal out of the slot in the cap. The 
negative brushes are removed by simply 
removing the two bolts attaching the brush 
lead to the lower cap. 

Installation of the new positive brushes 
is accomplished by sliding the new positive 
terminal into the slot of the end cap. Install 
the negative brushes by positioning them in 
place in the lower cap, and then securing 
the leads with the attaching bolts. 

•A-

Badly corroded starter motor end cap and brushes. 
Such damage can only be corrected with replacement 
parts. © 
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Assembling a Bosch Using Special Tool 
Make a tool as shown in the accompany

ing illustration to prevent the brushes from 
being damaged during installation of the 
commutator end cap. If a special tool is not 
possible, see the next section, Assembling a 
Bosch Without a Special Tool. 

1- Slide the brush springs into the brush 
holders, and then install the positive and 
negative leads. Position the special tool 
over the cap and brushes, to hold the brush
es in place. 

2 - Clamp the drive gear in a vise equip
ped with soft jaws and with the drive gear 
down. Lower the frame assembly over the 
armature. Align the marks on the frame 
assembly with the marks on the upper end 
cap. 

3 - Position the lower end cap onto the 
frame assembly. Lower the cap as far as it 
will go, and then remove the special tool. 
Now, align the mark on the cap with the 
mark on the frame, and then install the 
thru-bolts and tighten them securely. 

ft- Place the starter motor on the floor. 
To test the operation of the motor, first 
connect one lead from a set of jumper 
cables to the positive terminal of a battery. 
Connect the other end of the same lead to 
the positive terminal of the motor. Connect 
one end of the second lead of the jumper 
cables to the negative terminal of the bat
tery. 

Now hold the motor firmly on the floor 
with one foot and at the same time, momen
tarily make contact with the other end of 
the second jumper lead to the motor case. 
The pinion gear should spin rapidly. 

Special tool required to install the end cap on a 
Bosch starter motor. If this tool is not available, 
special instructions and illustrations are included later 
in this section to accomplish the end cap installation 
work. 

FRAME 
ASSEMBLY 

© 
:MARK 

■ ' ■ » ■ ; . 

SPEC IAL 
TOOL 

HARK © 

/ 
JUMPER 
CABLE 

© 
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5- Install the starter motor onto the 
powerhead and secure it in place with the 
clamps and mounting bolts. If the s tar ter 
motor has the mounting flanges permanently 
at tached, then position the motor in place 
and start the three bolts to at tach the 
motor to the powerhead. Now, tighten the 
three bolts ALTERNATELY and EVENLY 
until all bolts are tight. The bolts MUST be 
tightened alternately to prevent binding and 
possibly bending the bolts. 

Assembling a Bosch Starter 
Without Special Tool 

GOOD WORDS 
The drive gear assembly must have been 

removed in order to assemble the s tar ter 
using this method. 

1- Install the brush springs into the 
brush holder, and then place each brush on 
top of the springs. Lay the lower cap on the 
bench with the brush facing up. Pickup the 
armature and place the commutator on top 
of the brushes. Lower the armature and at 
the same time, work each brush into its 
holder. Continue to lower the armature 
until the full weight of the armature is on 
the brushes. 

2- Now, very CAREFULLY lower the 
frame assembly down over the armature. 
TAKE CARE because the magnets in the 
frame assembly will tend to pull against the 
armature. 

3 - When the frame makes contact with 
the lower cap, align the marks on the cap 
and the frame. 

4- Slide the upper cap washer onto the 
shaft. 

5- Install the upper cap with the mark 
on the cap aligned with the mark on the 
frame. 

ARMATURE 

END 
CAP' 

© 

FRAME 
ASSEMBLY 

© 

<J:> 

BOLT © MARK »; ' © 
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6- Install the thru-bolts and tighten 
them securely. 

7- Place the starter motor on the floor. 
To test the operation of the motor, first 
connect one lead from a set of jumper 
cables to the positive terminal of a battery. 
Connect the other end of the same lead to 
the positive terminal of the motor. Connect 
one end of the second lead of the jumper 
cables to the negative terminal of the bat
tery. 

Now hold the motor firmly on the floor 
with one foot and at the same time, momen
tarily make contact with the other end of 
the second jumper lead to the motor case. 
The pinion gear should spin rapidly. 

Install the drive gear as described earlier 
in this section. 

8- Install the starter motor onto the 
engine and secure it in place with the 
mounting bolts. 

To test the complete starter motor, pro
ceed directly to Section 6-16. 

To install the starter motor onto the 
engine, proceed directly to Section 6-17. 

THRU-BOLT 
. (2 PLCS) 

© 

© 
6-15 PRESTOLITE SERVICE 

REMOVAL 

1- Before beginning any work on the 
starter motor, disconnect the positive (+) 
lead from the battery terminal. Remove 
the engine hood. Disconnect the red cable 
at the starter motor terminal. Remove the 
1/2" bolt securing the starter bracket. This 
bolt is located on the starboard side of the 
engine just above the carburetor. Remove 
the three 7/16" bolts (or nuts in some cases) 
securing the starter motor bracket to the 
engine. Some starter motors have flanges 
permanently attached to starter motor and 
the attachment to the engine is accomplish
ed through these flanges instead of the usual 
mounting bracket. If the flanges are at
tached to the starter motor, remove the 
three bolts attaching the motor to the en
gine. Remove the starter motor and brack
et together. 
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GOOD NEWS 
If the only motor repair necessary is 

replacement of the brushes, the drive gear 
does not have to be removed. All s tarter 
motors have thru-bolts securing the upper 
and loweY cap to the field frame assembly. 
In all cases both caps have some type of 
mark or boss. These marks are used to 
properly align the caps with the field frame 
assembly. 

DISASSEMBLING 

2- Observe the caps and find the identi
fying mark or boss on each. If the marks 
are not visible, make an identifying mark 
prior to removing the thru-bolts as an essen
tial aid during assembling. Remove the 
thru-bolts from the bracket and the s tar ter 
motor. 

3 - Use a small hammer and CARE
FULLY tap the lower cap free of the s tar ter 
motor. 

if- Pull on the armature shaft from the 
drive gear end and remove it from the field 
frame assembly. Remove the brushes from 
their holders, and then remove the brush 
springs. Lift the white plastic retainer free 
from the frame. Observe the location of 
the notch on the retainer in relation to the 
frame. The retainer must be installed in the 
same position. 

PRESTOLITE SERVICE 6-41 

RETAINER 

/ 

© 
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ARMATURE 

. • M Hiii i i i i i i - l i< 

ARMATURE TESTING 

Testing for a Short 
1- Position the armature on a growler, 

then hold a hacksaw blade over the arma
ture core. Turn the growler switch to the 
ON position. Slowly rotate the armature. If 
the hacksaw blade vibrates, the armature or 
commutator has a short. Clean the grooves 
between the commutator bars on the arma
ture. Perform the test again. If the hack
saw blade still vibrates during the tes t , the 
armature has a short and MUST be replaced. 

Testing for a Ground 
2- Obtain a test lamp or continuity me

ter . Make contact with one probe lead on 
the armature core and the other probe lead 
on the commutator bar. If the lamp lights, 
or the meter indicates continuity, the arma
ture is grounded and MUST be replaced. 

Checking the Commutator Bar 
3 - Check between or check bar-to-bar 

as shewn in the accempanyinp. illustration. 

AC MILL I AMMETER 

The test light should light, or the meter 
should indicate continuity. If the commuta
tor fails the tes t , the armature MUST be 
replaced. 

Turning the Commutator 
4- True the commutator, if necessary, in 

a lathe. NEVER undercut the mica because 
the brushes are harder than the insulation. 
Undercut the insulation between the com
mutator bars 1/32" to the full width of the 
insulation and flat at the bottom. A triang
ular groove is not satisfactory. After the 
undercutting work is completed, clean out 
the slots carefully to remove dirt and cop
per dust. Sand the commutator lightly with 
No. "00" sandpaper to remove any burrs left 
from the undercutting. Check the armature 
a second time on the growler for possible 
short circuits. 

Positive Brushes 
5- Notice how the positive brush lead is 

attached to the terminal on the end of the 
frame. This is the same terminal to which 
the heavy battery cable is attached. The 
terminal may be removed from the frame. 
Pull the terminal free of the frame. 

Obtain an ohmmeter. Connect one test 
lead of an ohmmeter to the brush and the 
other test lead to the terminal. Continuity 
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POSITIVE BRUSH 
LEAD 

/ 

© 

GROUND / 
(TO FRAME) 

POSITIVE BRUSH 
LEAD 

DRIVE GEAR C S 
ASSEMBLY 
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UPPER 
HEAD 

WASHER 
O-RING 

ARMATURE 

© 
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FRAME 

BRUSH 
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BRUSH 
HOLDER 

LOWER 
HEAD 

SUPPORT 
Exploded drawing showing arrangement of principle Prestolite starter motor parts. 
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6-44 ELECTRICAL 

should be indicated on the ohmmeter. If 
continuity is not indicated, the brush must 
be replaced. The brush and terminal are 
sold as an assembly, eliminating the neces
sity for soldering. 

Negative Brushes 
6- On Prestolite starters the negative 

brushes are connected to the field coils 
inside the starter frame. 

Obtain an ohmmeter. Make contact with 
one test lead to the negative brush and 
make contact with the other lead to the 
starter frame. If the meter does not indi
cate continuity, the field coils are open and 
MUST be replaced. 

Check to be sure the soldered connec
tions are NOT touching the frame. The 
fields must not be grounded. If the connec
tions make contact with the frame, the 
fields would be grounded. 

CLEANING AND INSPECTING 

Clean the field coils, armature, commu
tator, armature shaft, brush-end plate and 
drive-end housing with a brush or compress
ed air. Wash all other parts in solvent and 
blow them dry with compressed air. 

Inspect the insulation and the unsoldered 
connections of the armature windings for 
breaks or burns. 

Perform electrical tests on any suspect
ed defective part, according to the pro
cedures outlined earlier in this section. 

Check the commutator for runout. In
spect the armature shaft and both bearings 
for scoring. 

Turn the commutator in a lathe if it is 
out-of-round by more than 0.005". 

Check the springs in the brush holder to 
be sure none are broken. Check the spring 
tension and replace if the tension is not 32-
40 ounces. Check the insulated brush hold
ers for shorts to ground. If the brushes are 

Old brush springs (left) compared with a new set 
(right). The springs must be in good condition, the same 
length, and free of any discoloration. 

worn down to 1/4" or less, they must be 
replaced. 

Check the field brush connections and 
lead insulation. A brush kit and a contact 
kit are available at your local marine deal
er, but all other assemblies must be replac
ed rather than repaired. 

The armature, fields, and brush holders 
must be checked before assembling the star
ter motor. See the testing section in this 
chapter for detailed procedures to test the 
starter motor. 

ASSEMBLING THE PRESTOLITE 

1- Slide the plastic terminal and brush 
lead retainer into the groove in the frame 
with the small protrusion on one side facing 
DOWNWARD. Continue pushing the retain
er into the groove until it is fully seated. 
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STARTER MOTOR TESTING 6-45 

Work the brush retainer down on top of 
the frame with the positive lead through the 
cutaway in the retainer plate. Check to be 
sure the field coil negative brush passes 
through the cutaway in the plate. 

2- Install the spring into the retainer. 
Push the negative brush into its retainer and 
then, wrap a fine piece of wire around the 
front side of the brush and the back side of 
the retainer. Tighten the wire snugly. This 
wire will hold the brush in the retainer. 
Repeat the procedure for the positive brush. 

Check to be sure the plate is secured 
onto the frame and the cutaway is over the 
protrusion of the positive plastic terminal. 

Clamp the armature in a vise equipped 
with soft jaws with the drive gear facing 
DOWNWARD. Install the thrust washers 
onto the end of the armature shaft. Lower 
the frame assembly down over the armature 
until the brushes are over the commutator. 

3 - After the armature is in place, cut 
and remove the wire wrapped around the 
brushes to hold them in place. The brushes 
should then make firm contact with the 
commutator. 

(f- Install the end cap onto the end of 
the starter motor. Observe three small 
nipples on the inside of the end cap. These 
nipples MUST index with matching dimples 
in the retaining plate. Align the mark on 
the side of the end cap with the terminal. 
Lower the cap onto the frame, and seat it 
GENTLY. NEVER tap with a hammer or 
other tool, because the nipples may not be 
indexed with the dimples and the tapping 
may cause damage. 

ALIGNMENT 
MARK 

\ 

© 
Align the end cap notch or mark with the 

mark on the frame and the upper cap mark 
with its mark. 

Slide the rubber spacer or collar into the 
starter bracket, if used. Now. install the 
s tar ter bracket over the starter motor, if 
used. Install the thru-bolts through the end 
cap, the frame, and thread them into the 
starter bracket. Tighten the thru-bolts se
curely. 

6-16 STARTER MOTOR TESTING 

1- Place the starter motor on the floor. 
Hold the motor firmly with one foot while 
testing its operation. 

CAUTION: The armature will turn rap
idly during this test . Therefore, the s tar ter 
motor MUST be well SECURED before mak
ing the test to prevent personal INJURY or 
damage to the starter motor. 

Firmly connect one end of a heavy-duty 
jumper cable to the POSITIVE terminal of a 

It 

© 
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6-46 ELECTRICAL 

bat tery. Firmly connect the other end of the 
jumper cable to the starter motor terminal. 

Connect a second heavy-duty jumper 
cable to the negative terminal of the bat
tery. Now, MOMENTARILY make contact 
with the • other end of the second jumper 
cable anywhere to the frame of the starter 
motor. NEVER make the momentary con
tact with the positive cable to the terminal, 
because any arcing at the terminal may 
damage the terminal threads and the nut 
may not take to the damaged threads. The 
motor should turn rapidly. If the s tar ter 
motor fails to rotate, the starter motor 
must be disassembled again and the service 
work carefully checked. Sorry about that , 
but some phase of the rebuild task was not 
performed properly. 

6-17 STARTER MOTOR INSTALLATION 

With Mounting Bracket 
1- Mount the s tar ter motor and bracket 

onto the engine. Align the top bolt above 
the carburetor, and then thread it into the 
block about half-way. Align the other three 
bolts on the starboard side or s tar t the nuts 
onto the studs, depending on the model 
engine being serviced. Tighten the three on 
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the side evenly and alternately until they 
are secure. 

With Flanges 
2- If the starter motor has the mounting 

flanges permanently at tached, then position 
the motor in place and start the three bolts 
to at tach the motor to the engine. Now, 
tighten the three bolts ALTERNATELY and 
EVENLY until all bolts are tight. The bolts 
MUST be tightened alternately to prevent 
binding and possibly bending the flanges. 

Connections 
Connect the positive red lead to the 

starter motor. Connect the electrical lead 
to the battery. Connect the fuel line to the 
fuel pump. 

Test the completed work by cranking the 
engine with the starter motor. 

DO NOT, under any circumstances, s tar t 
the engine unless it is mounted in a tes t 
tank or body of water. 

CAUTION: Water must circulate through 
the lower unit to the engine any t ime the en
gine is run to prevent damage to the water 
pump in the lower unit. Just five seconds 
without water will damage the water pump. 

I 
BOLT 
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7 
REMOTE CONTROLS 

7-1 INTRODUCTION 

Remote controls are seldom obtained 
from the original equipment manufacturer, 
except in the case of the electric shift unit. 
The electric shift box is considered a part of 
the new engine. Therefore, unless an owner 
made a change, the electric shift unit with 
the engine is probably original engine manu
facturer equipment. Mechanical shift units 
are sold and installed separately. 

Shift boxes, steering, and other similar 
equipment may be added after the boat 
leaves the plant. Because of the wide 
assortment, styles, and price ranges of such 
accessories, the distributor, dealer, or cus
tomer has a wide selection from which to 
draw, when outfitting the boat. 

Therefore, the procedures and sugges
tions in this chapter are general in nature in 
order to cover as many units as possible, but 
still specific and in enough detail to allow 
troubleshooting, repair, and adjustment for 
each of these accessories. Proper operation 
will do much for maximum comfort, perfor
mance, and enjoyment. 

Complete procedures for removal, in
stallation, and adjustment of four shift ar
rangements are covered in this chapter: 
manual shift; electric shift; push-button 
shift mechanism; and the single-lever re 
mote control shift box. These shift boxes 
are all considered original Johnson/Evinrude 
equipment. 

7-2 SHIFT BOXES 
DESCRIPTION 

Undoubtedly, the most used accessory on 
any boat is the shift control box. This unit 
is a remote control device for shifting the 
outboard and at the same time controlling 

the thrott le . Engines equipped with the 
manual mechanical shift are the only engine 
sold that do not have a shift box included as 
part of the complete package. If this engine 
is to be converted to a shift box operation, a 

an 
the 

be purchased as 
engines will have 

shift box kit must 
accessory. All other 
shift box included. Therefore, on the 
engines covered in this manual, only rarely 
will the installation have other than an 
OMC installed unit. 

Because the cable length requirements 
cannot be known for each installation, the 
shift and throt t le cables must be purchased 

FAST 

FORWARD 

SPEED RANGE 

NEUTRAL 

w 
Y—r" U 4 THROTTLE 
{ } FRICTION 

SCREW / \y 

SLOW 

A \J 
/ REVERSE 

/ (, i, 

Double lever shift box installed with manual shift 
lower unit engines. This shift box is still in use and 
parts are available from OMC dealers. 

© 2006 PDF Manual Master 



7-2 REMOTE CONTROLS 

separately. CMC equipped beats may be 
equipped with one of four different type 
shift boxes: the two-lever manual shift; 
electric shift; the pushbutton shift ar
rangement; and the new improved electric 
shift box 'incorporating all of the electrical 
harness, key switch, and the "hot horn". 

The mechanical shift box units have two 
levers, a long lever handle and a short lever 
handle. The long handle controls the throt
tle and the short one the shift mechanism. 
The electric shift units, including the push
button models, have only one lever handle 
for control of the shift and thrott le . The 
shift box installed with Johnson engines has 
one handle for shifting and thrott le control. 
Another lever, considered a "warmup" lever, 
is installed at the rear, or at the side of the 
box. This warmup lever may be adjusted for 
low and fast idle speeds. The push-button 
type locksout the shift lever to prevent 
shifting if the thrott le is advanced too far 
while the engine is in neutral. The single-
lever remote control box has one lever for 
both shift and throt t le control, plus the 
"warmup" lever on the side of the box, and a 
safety button on the handle to prevent 
movement into gear unless the button is 
depressed. 

As the name implies, the two-lever man
ual shift box uses the two lever principle for 
the throt t le and shift. A friction feature on 
the throt t le mechanism permits the opera
tor to release his grip on the lever handle 

NEUTRAL 

FAST 
START 
O SLOW 

FORWARD REVERSE 

START 
POSITION 

FRICTION 
**"*"* SCREW 

Single lever electric shift box used only on the 
Johnson units. These boxes incorporate a warm-up 
throttle lever at the rear and a friction screw on the 
bottom to hold the throttle position after the operator 
releases the handle. 

IDLE A f e 

ADJUST 

■/ FORWARD 
NEUTRAL 
REVERSE 

_ F3 ri Ri 

FRICTION ADJUSTMENT 
Single lever electric shift box installed with the 

Evinrude units. This box incorporates pushbuttons for 
shift control, an idle adjustment at the front, and a 
friction adjustment on the bottom to hold the throttle 
position. 

without the throt t le changing position. An 
idle stop is also built into the shift box. 
This feature prevents the throt t le from 
being retracted past normal idle to the point 
where the engine would shut down. 

Outboard models are equipped with a 
cutout switch in the cranking system to 
open the circuit to the starter solenoid. 
This arrangement prevents the cranking 

MTSSP / KEY 

LEVER I symcH 
FRICTION R U N 
ADJUSTMENT POSITION 

■SPEED RANGE-
Single lever remote control shift box with key, 

choke, and "hot horn" incorporated. 
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DOUBLE-LEVER SHIFT BOX 7-3 

system from operating unless the throt t le is 
in the proper idle range. Stating it another 
way, the throt t le MUST be in the idle posi
tion or the starter system will not operate. 
The position of the shift lever does not 
affect the starting motor circuit. All shift 
box models have a means of advancing the 
throt t le without moving the shift lever into 
gear. This device is commonly known as the 
"warm-up" lever and may be adjusted for 
low and fast idle speeds. 

7-3 DOUBLE-LEVER SHIFT BOX SERVICE 

TROUBLESHOOTING 

The following paragraphs provide a logi
cal sequence of tests , checks, and adjust
ments, designed to isolate and correct a 
problem in the shift box operation. 

The procedures and suggestions are key
ed by number to matching numbered illus
trations as an aid in performing the work. 

The double-lever shift boxes are fairly 
simple in construction and operation. 
Seldom do they fail creating problems 
requiring service in addition to normal 
lubrication. 

SPEED RANGE 

NEUTRAL 

FAST 

FORWARD 

r-
Y — y SLOW 

s THROTTLE '~ v 

) FRICTION y \ ) 
\ SCREW , ' \ s > 

1 x ' REVERSE 

/ KJ 

Double lever shift box installed with manual shift 
lower unit engines. This shift box including replace
ment parts is still available from OMC dealers. 

ADJUSTABLE 
RETAINER 

Attaching a shift cable, with adjustable trunnion to 
the shift arm. 

Hard Shifting or 
Difficult Throttle Advance 

Checking Throttle Side 
Remove the throt t le and shift control at 

the engine. Now, at the shift box, a t tempt 
to move the throt t le or shift lever. If the 
lever moves smoothly, without difficulty, 
the problem is immediately isolated to the 
engine. The problem may be in the tower 
shaft between the connector of the throt t le 
and the armature plate. The armature plate 
may be "frozen", unable to move properly. 
Late model engines do not have the tower 
shaft but a "lever advance arm" located on 
the starboard side of the engine. This arm 
may become "frozen" and require 
disassembly and lubrication. 

If the problem with shifting is at the 
engine, the first place to check is the area 
where the shift lever extends through the 
exhaust housing. The bushing may be worn, 
or corroded. If the bushing requires re
placement, the engine powerhead must be 
removed. Another cause of hard shifting is 
water entering the lower unit. In this case 
the lower unit must be disassembled, see 
Chapter 8. 

If hard shifting is still encountered at 
the shift box when the controls are discon
nected from the engine, the cables may be 
corroded, and require replacement, or lack 
of lubrication in the shift box has resulted in 
excessive wear, or corrosion. 

ADJUSTABLE 
RETAINER 

Connecting a throttle cable with adjustable trun
nion. 
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1-k REMOTE CONTROLS 

Unable to Obtain Full Shift 
Movement or Full Throttle 

Normally, this type of problem is the 
result of improper shift box installation. 
This area includes connection of the shift 
and throt t le cables in the shift box. If the 
stainless steel inner wire was not heated and 
the clamp did not hold the inner cable 
(wire), the wire could slip inside the sleeve 
and the cable would be shortened. There
fore, if it is not possible to obtain full shift 
or full throt t le , the shift box must be re
moved, opened, and checked for proper in
stallation work. The inner wire could also 
slip at the engine end of the control, but 
problems at that end are very rare. Usually 
if improper installation work has been done 
at the engine end, the ability to shift at all 
is lost, or the throt t le cannot be actuated. 

REMOVAL 

Removing Double Lever Shift Box 
1- Remove the attaching hardware se

curing the shift box to the side of the boat. 
Once the shift box is free, the service work 
may be performed in the boat. The cables 
may remain as routed. Remove the two 
screws, at the rear side of the shift box, 
holding the two halves together. Separate 
the two halves. 

# 
mm 

RETAINING?* 
SCREW ;.' 

© 
throt t le . Notice the friction screw and 
throt t le stop on the throt t le side of the box. 

The shift side of the box does not have 
any adjustments, except for the low idle 
stop. Observe how the shift lever pivots at 
the bottom and the thrott le lever pivots at 
the top. 

OBSERVE 
Observe how one side accommodates the 

throt t le and the other side the shift mech
anism. Notice the metal plate between the 
two halves. This plate prevents any contact 
between the shift parts and those for the 

M-

/ 
TOO FAR 

OUT 

DIVIDER 
PLATE 

& ■ 

Wire extended too far through the cable connector 
(slider). The end of the wire should be flush with the 
slider surface. 

Divider plate to separate the shift half components 
from the throttle half parts inside the control box. 
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CAP 

RETAINING 
SCREW 

FRICTION 
KNOB 

S3?. CAP 

* 4Wt»#L* I 1 «U» J4 4 #*- » -"S *. 

DISASSEMBLING 

Throttle Half 
2- Remove the screw from the center of 

the throttle lever. Notice how the washer 
has a concave side to allow the screw to fit 
flush with the washer. Loosen the screw on 
the top side of the shift box to relieve 
pressure on the anti-friction knob. Lift the 
lever and throttle cable free of the shift 
box. Notice how the cable on the trunnion 
has two small caps —one on the underside 
and the other on top. 

3- Loosen the two screws securing the 
gear rack to the end of the throttle cable 
and remove the end of the cable from the 
throttle lever. Take care not to lose the 
small sleeve from the end of the rack to 
which the screws were attached. Push out 
the center square button, and then remove 
the rack from the shift lever. 

'*** 
SCREW 0) 

■^SCREW 

Shift Half Disassembling 
4- Remove the screw and washer from 

the bottom of the shift lever. Notice how 
this washer also has a concave side to 
accommodate the screw. Lift the lever and 
shift cable free of the shift box. Notice 
how the cable on the trunnion has two small 
caps — one on the underside and the other 
on top. 

5- Loosen the two screws securing the 
gear rack to the end of the shift cable and 
remove the end of the cable from the throt
tle lever. Take care not to lose the small 
sleeve from the end of the rack to which the 
screws were attached. Push out the center 
square button, and then remove the rack 
from the shift lever. 

SQUARE 
BUTTON 

ALLEN 
SCREW 
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7-6 REMOTE CONTROLS 

CLEANING AND INSPECTING 

Check the nylon wear block on the end 
of the anti-friction cap. The cap has teeth 
which index into the inside diameter of the 
throttle lever. If the teeth are damaged a 
new block may be purchased and slipped into 
place. Clean the box halves thoroughly 
inside and out with solvent, and then dry 
them with compressed air. Inspect the 
spring on the anti-friction lever to be sure it 
is not distorted. Check the screw on the 
throttle idle stop to ensure it moves in and 
out freely without any sign of binding. 

Throttle Cable Lubrication 
If the throttle or shift cables are not to 

be replaced, now is an excellent time to 
lubricate the inner wire. 

6- To lubricate the inner wire, remove 
the casing guide from the cable at both 
ends. Attach an electric drill to one end of 
the wire. Momentarily turn the drill on and 
off to rotate the wire and at the same time 
allow lubricant to flow into the cable, as 
shown. 

ASSEMBLING 

Throttle Cable into Shift Box 
1- If the slider sleeve was removed from 

the thrott le lever, install the slide rack into 
the throt t le lever with the hole on the end 
for securing the throt t le cable on the oppo
site end of the hole that accommodates the 
cable. Position the center of the slide with 
the center of the throt t le lever. Install the 

INSERT PULLED OUT 
CASING GUIDE 

\ 

INNER 
WIRE 

square nylon plug with the holes in the plug 
in a vertical position to permit the cable to 
slide through. Two different size screws, or 
possibly Allen screws, are used on each end 
of the sleeve. Install the short screw into 
the bottom of the sleeve to prevent the 
sleeve from rubbing on the shift box. Install 
the longer screw on the top part of the 
sleeve. Install the sleeve with the hole in 
the sleeve aligned with the hole for the 
cable. 

CRITICAL WORDS 
Check the end of the cable to determine 

if the temper has been removed. If the end 
has a bluish appearance, it has been heated 
at an earlier date and the temper removed. 
The temper MUST be removed to permit the 
holding screw to make a crimp in the wire 
to hold an adjustment. If the wire has not 
been tempered, heat the end, but not enough 
to melt the wire. 

2 - Slide the cable into the rack. Work 
the inner wire into the sleeve and out the 
end of the rack. Push the wire back until 

ALLEN 
SCREW 

© 

SQUARE 
PLUG 

ML: 
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DOUBLE-LEVER SHIFT BOX 7-7 

the end is flush with the rack surface. 
Tighten the TOP holding screw enough to 
make a definite crimp in the wire, as shown. 
If this screw is not tightened to make the 
crimp, the wire will slip during operation 
and the -adjustment will be lost. After the 
top screw has been fully tightened, bring the 
other screw up tight against the wire. It is 
not necessary for this second screw to make 
a crimp in the wire. 

3 - Work the throttle lever handle down 
over the friction nylon block and at the 
same time feed the throttle cable into place 
in the box half. Check to be sure one of the 
small caps is on the bottom side of the 
trunnion. Install the washer and the screw 
with the concave side of the washer on the 
same side as the screw. Tighten the screw 
securely. Install the other trunnion cap on 
top of the trunnion. Check the throttle 
lever for ease of movement with no sign of 
binding. 

Shift Cable into Shift Box 
4- If the slider sleeve was removed from 

the shift lever, install the slide rack into the 
shift lever with the hole on the end for 
securing the shift cable on the opposite end 
of the hole that will accommodate the ca
ble. Position the center of the slide with 
the center of the shift lever. Install the 
square nylon plug with the holes in the plug 
in a vertical position to permit the cable to 
slide through. Two different size screws are 
used on each end of the sleeve. Install the 
short screw into the bottom of the sleeve to 
prevent the sleeve from rubbing on the shift 
box. Install the longer screw on the top part 
of the sleeve. Install the sleeve with the 
hole in the sleeve aligned with the hole for 
the cable. 

CRITICAL WORDS 
Check the end of the cable to determine 

if the temper has been removed. If the end 

ALLEN 
SCREW SQUARE 

PLUG 

© 
has a bluish appearance, it has been heated 
at an earlier date and the temper removed. 
The temper MUST be removed to permit the 
holding screw to make a crimp in the wire 
to hold an adjustment. If the wire has not 
been tempered, heat the end, but not enough 
to melt the wire. 

Slide the cable into the rack. Work the 
inner wire into the sleeve and out the end of 
the rack. Push the wire back until the end 
is flush with the rack surface. Tighten the 
TOP holding screw enough to make a defi
nite crimp in the wire, as shown. If this 
screw is not tightened to make the crimp, 
the wire will slip during operation and the 
adjustment will be lost. After the top screw 
has been fully tightened, bring the other 
screw up tight against the wire. It is not 
necessary for this second screw to make a 
crimp in the wire. 

5- Place the wavy washer and regular 
washer into the shift box, and then work the 
shift lever handle down into the shift box 
with one of the small caps under the shift 
cable trunnion. Install the bushing into the 
bottom of the shift handle. Install the 
washer and the screw with the concave side 
of the washer on the same side as the screw. 
Tighten the screw securely. Install the 
other trunnion cap on top of the trunnion. 
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7-8 REMOTE CONTROLS 

DIVIDER 
PLATE 

/ 

* 

TV* I 
w 

MM © 
Check the shift lever for ease of movement 
with no sign of binding. 

6- Place the divider plate between the 
two halves. Bring the two halves together 
and secure them with the two screws from 
the back side. Install the box in the boat 
and secure it in place with the attaching 
hardware. Again check the levers for ease 
of movement and no sign of binding. 

7-4 ELECTRIC GEAR BOXES 
AND SINGLE LEVER CONTROL 

TROUBLESHOOTING 

The following paragraphs provide a logi
cal sequence of tests, checks, and adjust
ments, designed to isolate and correct a 
problem in the 3ohnson single lever shift box 
with the warm-up lever to the rear and the 
Evinrude single lever pushbutton shift box 
operation. 

The procedures and suggestions are key
ed by number to matching numbered illus
trations as an aid in performing the work. 

When the lower unit is in FORWARD 
gear, all electrical systems are at rest. 
When the shift lever is moved to the NEU
TRAL position, current flows through the 
green wire circuit to the neutral solenoid in 
the lower unit, which is activated. When 
the shift lever is moved to the REVERSE 
position, current flows through the neutral 
green and reverse blue wire circuits to ac t i 
vate the neutral and reverse solenoids. 

1- Difficult Shift Operation 
Many times this type of problem is the 

result of incorrect cable installation -- the 
cable is not the proper length or there are 
too many bends or kinks in the routing. 
Such an installation will cause the inner 
cable to travel much further than necessary 

FULL ADVANCE FIRST CLAMP 

NO SLACK 

. Pi. 

/ 

.36", 

IDLE, 

MAY VARY 33" TO 4 2 " 

SLACK 

© 
and therefore, wear on the outer cable. 
Over a period of t ime, inner cable wear will 
result in difficult shifting or throt t le opera
tion. 

BE SURE to cycle the shift lever to the 
full position in both directions, when making 
any test on the shift box. The shift switch 
may have a dead spot and will not indicate 
the switch is defective unless the shift lever 
is fully cycled for each test . 

2- Amp Draw Test 
Turn the ignition switch to the ON posi

tion and note the ammeter reading. If the 
boat is not equipped with an ampere gauge, 
then temporarily disconnect the GREEN and 
BROWN (or RED) wires from the back side 
of the key switch and temporarily install an 
amp gauge for the tes t . Replace the wires 
after the test is completed. There should be 
no reading with the shift lever in the FOR
WARD position. 

Now, operate the shift control lever to 
the NEUTRAL position, and then to the RE
VERSE position. Note how much the am
meter reading increased each t ime the shift 
lever was moved. If the reading was more 
than 1.5 to 2.0 amperes for either shift 
positions, continue with the following 
checks. 

© 2006 PDF Manual Master 



ELECTRIC SHIFT BOX 7-9 

Disconnect the shift leads at the rear of 
the engine. Temporarily lay a piece of cloth 
or other insulating material under the wires 
to prevent them from shorting out during 
the following tes ts . 

Again operate the shift lever and note 
the current loss. If the current draw is still 
more than 1.5 to 2.0 amperes, then check 
for a short in the control box switch or 
wiring. If the current draw is normal with 
the leads disconnected from the engine, 
then check for a short in the gear case 
solenoids or wiring. If the solenoid leads are 
shorted to each other, both shift solenoids 
would be energized, causing the lower unit 
to move into reverse gear. 

3 - Solenoid Tests 
Obtain an ohmmeter. At the rear of the 

engine, disconnect the green and blue wires 
at the knife disconnect. Set the ohmmeter 
to the low scale. Connect one lead to the 
green wire to the lower unit, and the other 
lead to a good ground. The meter should 
indicate 5 to 7 ohms. Connect the meter to 
the blue wire to the lower unit and ground. 
The meter should again indicate from 5 to 7 
ohms. 
BAD NEWS 

If the unit fails the ohmmeter tests just 
outlined, the only course of action is to 
disassemble the lower unit to determine and 
correct the problem. 

*- Testing Shift Switch — NEUTRAL 
To test the switch for the NEUTRAL 

position, make contact with one probe of a 
continuity meter (or a test light) to the 
terminal (purple or red lead) and to the 
(green lead) terminal with the other probe. 
Now, move the shift lever to the NEUTRAL 

position. The meter should indicate conti
nuity (or the test light come on), when the 
shift lever is in the NEUTRAL position. 

5- Testing Shift Switch — Reverse 
Move the shift lever to the REVERSE 

position. To test the shift switch for re
verse, make contact with one probe of a 
continuity meter (or test light), to the 
purple or red lead from the plug. Now, with 
the other probe make contact ALTERNATE
LY to the blue and green wires in the plug. 
The meter should indicate continuity (or the 
test light come on), during both of these 
tests when the lever is in the reverse 
position. 

6- Testing Shift Switch — Forward 
After the neutral and reverse tests have 

been completed check for continuity with 
the shift lever in the FORWARD position. 
Leave the red lead connected and check the 
blue lead (REVERSE) and the green lead 
(NEUTRAL). Continuity should not be indi
cated when the shift handle is in FOR
WARD. If the switch is defective and 
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7-10 REMOTE CONTROLS 

requires replacement, proceed to Section 7-
5, Single Lever Shift Box Service. 

7- Cranking System Inoperative 
If the starter fails to crank the engine, 

check to be sure the thrott le lever is in the 
idle position. If the throttle is advanced 
more than 1/4 forward, the cutout switch 
at tached to the armature plate will open the 
circuit to the starter solenoid. Late models 
have the cutout switch installed in the shift 
box. If the cranking system fails to operate 
the starter properly when the throttle lever 
is in the IDLE position, check the 20-ampere 
fuse between the ignition switch BAT te rmi
nal and the ammeter GEN terminal. 

If the starter operates in full throt t le 
(which it should not do), check for a short 
between the two white leads in the shift box 
wiring. 

Further problems in the cranking system 
may indicate more serious problems. See 
Chapter 6, s tarter motor sections. 

© 2006 PDF 

7-5 SINGLE LEVER SHIFT BOX SERVICE 
JOHNSON UNITS ONLY 

GOOD WORDS 
A friction screw is installed in the bot

tom side of the shift box. This screw allows 
friction adjustment of the throt t le handle. 
This arrangement prevents the throt t le han
dle from "creeping" after the operator re
leases his grip on the handle. The box has a 
maximum advance screw. The adjustment 
is made through movement of a screw in the 
warmup lever. If the engine shuts down 
when the throt t le lever is moved back, then 
an adjustment must be made at the engine. 
This is accomplished through an adjustment 
knob at the engine. Movement of this knob 
will actually lengthen or shorten the cable 
slightly for proper operation. 

1- Remove the attaching screws; pull 
the shift box clear; and then disconnect the 
shift wire under the dash. Remove the 
screws from the back side of the box. 

2 - CAREFULLY separate the two 
halves. Check the shift box for salt water 
corrosion, worn bushings, and general condi
tion. 

Throttle Cable 
Notice how the throt t le cable enters the 

throt t le half of the shift box through the 
idle link. On the top side of the shift box, 
observe the screw and the concave washer. 

Master 
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REAR 
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FRONT 
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NEUTRAL 
POSITION 
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POSITION 

IDLE 
POSITION 

c©; © 
The washer must be installed with the con
cave side toward the screw to allow the 
screw to seat properly. 

3 - Remove the bushing from the shift 
rod. Observe the two slots in the bushing 
and how the fiat area without a hole faces 
toward you. The bushing must be installed 
in this same position. 

k- Remove the screw and washer from 
the top of the shift box half. This is the 
screw and washer described in the previous 
paragraph. Lift out the cam lever and the 
idle link as an assembly. 

5- Remove the screws from the end of 
the sleeve on the end of the cable, and then 
pull the throt t le cable free of the link and 
sleeve. 

6- If the switch fails to check out, as 
described in the previous tes ts , the switch 
and cable assembly MUST be replaced. The 
switch is easily removed by simply removing 
the attaching screws and lifting the switch 
free of the shift box. 

I 

'if.***' 8USHING 

Vv 
■V,J'» 

© 

I SCREW AND 
WASHER 

CLEANING AND INSPECTING 

Clean the box halves thoroughly inside 
and out with solvent and blow them dry with 
compressed air. Apply a thin coat of engine 
oil on all metal parts . The three-position 
switch installed in the gear box cannot be 
repaired. Therefore, if a problem is isolated 
to the switch, it must be replaced. 

SHORT CABLE 
CLAMP 

CAM 
LEVER 

SHORT CLAM 
SCREW 

THROTTLE 
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JjTRUNNION 

SHORT ANCHOR 
SCREW 

CONTROL 
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SHIFT 
SWITCH 
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SHORT ANCHOR 
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CONTROL 
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Interior view of a used shift box showing the results 
of an improper installation. The inner wire was not 
crimped to hold the adjustment. The wire, therefore, 
slipped through and was bent as the casing struck the 
shift box during operation. 

Throttle Cable Lubrication 
If the throt t le cable is NOT to be replac

ed, now is an excellent t ime to lubricate the 
inner wire. 

7- To lubricate the inner wire, remove 
the casing guide from the cable at both 
ends. Attach an electric drill to one end of 
the wire. Momentarily turn the drill on and 
off to rotate the wire and at the same t ime 
allow lubricant to flow into the cable, as 
shown. 

ASSEMBLING 

CRITICAL WORDS 
Check the end of the cable to determine 

if the temper has been removed. If the end 
has a bluish appearance, it has been heated 
at an earlier date and the temper removed. 
The temper MUST be removed to permit the 
holding screw to make a crimp in the wire 

to hold an adjustment. If the wire has not 
been tempered, heat the end, but not enough 
to melt the wire. 

It is very easy to shear the wire by 
applying EXCESSIVE force when tightening 
the screw to make the crimp. Therefore, 
play it cool. Tighten the screw; make one 
more complete turn to make the crimp; call 
it good; and then bring the other screw up 
just tight against the wire. 

1- Start the two cable retaining screws 
into the sleeve. These screws are different 
sizes. On some models, Alien screws are 
used. Install the short screw on the bottom 
to prevent the sleeve from rubbing on the 
shift box. Slide the sleeve onto the cable 
with the hole aligned with the hole in the 
plastic sleeve. Feed the wire on through 
until the end of the wire is flush with the 
end of the white plastic sleeve. 

2- Lower the shift link and throt t le link 
into the box half and secure the throt t le link 
with the screw and washer. Check to be 
sure the concave side of the washer is 
facing toward the screw side to permit the 
screw to seat properly. 

3 - Slide the thrott le cable through the 
idle link, and then slide the bushing down 
over the cable. 

# SCREW AND 
WASHER 

INNER 
WIRE 

/ 
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BUSHING 

© 
k- ALWAYS TAKE CARE when as

sembling the shift box, not to damage the 
remote-control unit. The arm on the switch 
MUST lay in the cut-out portion of the 
throt t le cam. 

5- Carefully work the two halves of the 
box together with the cam lever fitting into 
the recess of the thrott le handle and the 
throt t le link fitting into the warm-up lever. 

6- Secure the two halves together with 
the screws into the side of the box. Secure 
the shift box to the side of the boat with the 
attaching hardware. Bolts with self-locking 
nuts SHOULD ALWAYS BE USED because a 
loose shift box during high speed operation 
could be extremely dangerous. Connect the 
shift wire under the dash. 

REAR 
HOUSING 

FRONT 
HOUSING 

NEUTRAL 
POSITION 

EXTREME OPPOSITE 
POSITION 

IDLE 
POSITION 

© 
7- The tension of the throt t le lever is 

adjusted by the friction knob under the shift 
box. Turn the knob clockwise to increase 
friction and counterclockwise to decrease 
friction. 

8- Remote-Control Cable Installation 
In the Boat 

The remote-control cable must be in
stalled properly for satisfactory operation. 
The clamp nearest the shift box MUST be 
positioned correctly as follows: 

First , move the warm-up lever on the 
shift box to full advance. Now, measure 36" 
(actually this measurement could range 
from 33" to 42") on the cable from the shift 
hey. BE SURE t rcr^ -r no slack in the 

< . 

SCREW 
w~,\ 
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FRICTION 
KNOB 

XD 
cable, and then secure the clamp to the boat 
at the measured position. 

Next, place the warm-up lever in the 
slow position and observe the amount of 
slack in the cable between the shift box and 
the first clamp. The slack should not be 
more than 1/2 inch. AVOID SHARP TURNS 
in the cable. The radius of any bend MUST 
not be less than 5". 

ALWAYS use the correct length of cable 
when replacing the assembly. 

9- Adjusting Starter Lockout Switch 
Move the shift lever to the NEUTRAL 

position and the warm-up lever to the 
START position. Now, turn the ignition 
switch to the START position in an a t tempt 
to crank the engine. If the starter fails to 
crank the engine, move the warm-up lever 
to the IDLE position, and then rota te the 
setscrew counterclockwise one-half turn. 
Move the auxiliary throt t le to the START 
position, and then turn the ignition switch to 
the START position again. If the s tar ter 
still fails to crank the engine with the 
warm-up lever in the full ADVANCE posi
tion, back off the warm-up lever to deter
mine the point at which the starter ceases 
to operate. Make the adjustment of the 
setscrew clockwise a half-turn at a t ime 

FULL ADVANCE FIRST CLAMP 

/ NO SLACK 

■ 36" 

IDLE, 

MAY VARY 33" TO kZ" 

SLACK 

until the starter operates only with the 
warm-up lever in the full START position. 

7-6 PUSHBUTTON TYPE SHIFT BOX 
SERVICE - EVINRUDE UNITS ONLY 

GOOD WORDS 
A friction screw is installed in the bot

tom side of the shift box. This screw allows 
friction adjustment of the throt t le handle. 
This arrangement prevents the throt t le han
dle from "creeping" after the operator re
leases his grip on the handle. A thumb
screw on the front of the box permits ad
justment of the throt t le handle to prevent 
movement past a satisfactory idle position 
and subsequent shutdown of the engine. If 
adequate adjustment cannot be made at the 
shift- box, and the engine continues to shut 
down when the throt t le lever is moved back, 
then an adjustment must be made at the 
engine. This is accomplished through an 
adjustment knob at the engine. Movement 
of the engine knob will actually lengthen or 
shorten the cable slightly for proper opera
tion. 

When the lower unit is in FORWARD 
gear, all electrical systems are at rest . 
When the shift lever is moved to the NEU
TRAL position, current flows through the 
green wire circuit to the neutral solenoid in 
the lower unit, which is activated. When 
the shift lever is moved to the REVERSE 
position, current flows through the neutral 
green and reverse blue wire circuits to ac t i 
vate the neutral and reverse solenoids. 

WARM-UP 
LEVER 

iiwisr," ■ -.... 
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PUSHBUTTON SHIFT BOX 7-15 

TROUBLESHOOTING 

The following paragraphs provide a logi
cal sequence of tests , checks, and adjust
ments, designed to isolate and correct a 
problem in the Johnson single lever shift box 
with the warm-up lever to the rear and the 
Evinrude single lever pushbutton shift box 
operation. 

The procedures and suggestions are key
ed by number to matching numbered illus
trations as an aid in performing the work. 

Many times this type of problem is the 
result of incorrect cable installation — the 
cable is not the proper length or there are 
too many bends or kinks in the routing. 
Such an installation will cause the inner 
cable to travel much further than necessary 
and therefore, wear on the outer cable. 
Over a period of t ime, inner cable wear will 
result is difficult shifting or throt t le opera
tion. 

BE SURE to cycle all three shift push
buttons to the full shift position in both 
directions, when making any test on the 
shift box. The shift switch may have a 
dead spot and will not indicate the switch is 
defective unless the three buttons are fully 
cycled for each test . 

1- Amp Draw Test 
Turn the ignition switch to the ON posi

tion and note the ammeter reading. If the 
boat is not equipped with an ampere gauge, 
then temporarily disconnect the GREEN and 
BROWN (or RED) wires from the back side 
of the key switch and temporarily install an 
amp gauge for the tes t . Replace the wires 
after the test is completed. Now, depress 
the shift button for the FORWARD position. 
There should be NO reading. Depress the 
button for the REVERSE and NEUTRAL 
positions. Note how much the ammeter 
reading increased each t ime a shift button 
was depressed. If the reading was more 
than 1.5 to 2.0 amperes for either the 
neutral or reverse positions, continue with 
the following checks. 

Disconnect the shift leads at the rear of 
the engine. Temporarily lay a piece of cloth 
or other insulating material under the wires 
to prevent them from shorting out during 
the following tes ts . 

Again operate the shift buttons and note 
the current loss. If the current draw is still 
more than 1.5 to 2.0 amperes, then check 
for a short in the control box switch or 
wiring. If the current draw is normal with 
the leads disconnected from the engine, 
then check for a short in the gear case 
solenoids or wiring. If the solenoid leads are 
shorted to each other, both shift solenoids 
would be energized, moving the lower unit 
into reverse gear. 

2- Solenoid Tests 
Obtain an ohmmeter. At the rear of the 

engine, disconnect the green and blue wires 
at the knife disconnect. Set the ohmmeter 
to the low scale. Connect one lead to the 
green wire to the lower unit, and the other 
lead to a good ground. The meter should 
indicate 5 to 7 ohms. Connect the meter to 
the blue wire to the lower unit and ground. 
The meter should again indicate from 5 to 7 
ohms. 
BAD NEWS 

If the unit fails the ohmmeter tests just 
outlined, the only course of action is to 
disassemble the lower unit to determine and 
correct the problem. 

3- Testing Shift Switch — NEUTRAL 
To test the switch for the NEUTRAL 

position, make contact with one probe of a 
continuity meter (or a test light) to the 
terminal (purple or red lead) and to the 
(green lead) terminal with the other probe. 
Now, depress the NEUTRAL pushbutton. 
The meter should indicate continuity (or the 
test light come on). When the FORWARD 
button is depressed, the meter should indi
cate NO continuity or the test light should 
NOT come on. 
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NEUTRAL 
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FORWARD 
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BUTTON 
/ 

TERMINAL 
CONNECTOR 

ft- Testing Shift Switch — Reverse 
Depress the pushbutton for the RE

VERSE position. To test the shift switch for 
reverse^ make contact with one probe of a 
continuity meter (or test light), to the pur
ple or red lead from the plug. Now, with 
the other probe make contact ALTERNATE
LY to the blue and green wires in the plug. 
The meter should indicate continuity (or the 
test light come on), during both of these 
tests when the pushbutton is depressed for 
the reverse position. 

5- Testing Shift Switch — Forward 
After the neutral and reverse tests have 

been completed check for continuity depress 
the pushbutton for the FORWARD position. 
Leave the red lead connected and check the 

TERMINAL 
CONNECTOR 

REVERSE 
BUTTON 

\ 

TERMINAL 
CONNECTOR 

FORWARD 
BUTTON 

/ 

© 
blue lead (REVERSE) and the green lead 
(NEUTRAL). Continuity should NOT be in
dicated when the FORWARD pushbutton is 
depressed. If the switch is defective and 
requires replacement, Page 7-17. 

6- Cranking System Inoperative 
If the starter fails to crank the engine, 

check to be sure the throt t le lever is in the 
idle position. If the throt t le is advanced 
more than 1/4 forward, the cutout switch 
attached to the armature plate will open the 
circuit to the starter solenoid. On late 
models, the switch is installed in the shift 
box. If the cranking system fails to operate 
the starter properly when the throt t le lever 
is in the IDLE position, check the 20-ampere 
fuse between the ingition switch BAT termi
nal and the ammeter GEN terminal. 

If the starter operates at full throt t le 
(which it should not do), check for a short 
between the two white leads in the shift box 
wiring. 

Further problems in the cranking system 
may indicate more serious problems. See 
Chapter 6, s tar ter motor sections. 

20-AMP 
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SCREW 
6-PLACES 

Throttle Cable 
GOOD WORDS 

The throttle cable and switch box may 
be replaced without removing the shift box 
from the boat. If the only service to be 
performed is replacement of the cable, 
leave the shift box in place. 

1- Remove the Phillips screws on the 
side plate of the shift box. Remove the 
front side cover. 

2 - Notice the screw and retainer at the 
forward end of the casing guide and just 
below the thrott le lever. Remove the screw 
and retainer. Pull the thrott le cable and 
casting guide free of the shift box. Take 
care not loose the trunnion caps, one on the 
top and another on the bottom. 

3 - Remove the screws from the end of 
the casing guide and then pull the throttle 
cable free. TAKE CARE not to lose the 
screws and sleeve from the end of the guide. 

Shift Switch Removal 
4- Remove the four Phillips screws from 

the top of the shift box, and then lift off the 
shift box cover around the push buttons. 

5- Pull upward and remove the three 
push buttons. New buttons are not supplied 
with replacement switches. Therefore, 
SAVE the THREE BUTTONS for installation 
with the new switch. 

6- Pull the red, green, and blue wires 
from the bottom of the switch box. 

7- Notice the two small Phillips screws 
on top of the switch box holding the switch 
to the retainer. Remove these two screws. 
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