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1. GENERAL - OVERVIEW
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Engine model
Content / HP (Rated Gross) at rpm
Max. Torque at RPM

SETTING MAX RPM

4TNV921? cyl bore (mm)

3054cc / 53HP at 2200 rpm
20.6 kgf at 1400 rpm

2300+50 (R55-7)
2400+50 (R55W-7)

4TNV98
3318cc / 60HP at 2100 rpm
25.2 kgf at 1000 rpm

2250+50

4TNVOS-EPHYB ©€co-eng.)
3319cc/ 57HP at 2400 rpm

20.5 kgf at 1550 rpm

2260+50

("M" mode selected)

https://truckmanual shub.com/ -3-
(All listed engines are Yanmar "NV3-Series engines" >> Range 3000...4000cc: all direct injection)
YANMAR R55(W)-7 R80-7 R55(W)-7A R80-7A
#cyl derating output

standard output
4TNV98-ZVHYB  €co -eng.)
3319cc / 59.6HP at 2100 rpm

24.5 kgf at 1000 rpm

2250+50

("H" mode selected)

-7A - "adapted technologie" to meet Tier lll

Q (higher fuel injection pressure)

Q Electric Control of Exhaust Gas Regulation

Q Electric Control of Governor (= "ECO")

HHIE TRAINING CENTRE

Explanation of engine model names (-7A/-9)

P,V
HY
B

E or Z stands for - kind of output

- rated eng. speed
- Hyundai
- excavator

-9 Series > same engines

Highidle Low idle eng. type
(M mode)

R55-9 2200+30  1000+30 4NTV98-EPHYBU
00450

1050+100
1000450
1000+50

4NTV98-EPHYBU
4NTV98-EPHYBU
4NTV98-ZVHYB

| "MAX" mode not operated - RPM 1000 ~ 1950

At full charge,

eng. drop is max “150 rpm”
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R55(W)-7A R80-7A
Engine model 4TNVas-E 4TNV98-Z
Engine classification VM WM
1 |Type — Vertical, 4-cycle water-cocled diesel engine Vertical, 4-cycle water-cooled diesel engine
o | Gombustion — Direct injection (D) Direct injection (DI)
system
3 No. of cylinders - n- 4-98x110 4-98x110
Bore x Stroke mm x mm e 2260 * 2250
4 | Displacement ¢ 3.318 / 3.318
Rated engine 4 | 7N L~ F N
min 2100 ¢ 2200 2300 ) 2400 2500 2000 2100 2200 2300 2400 2500
speed N A ‘\ ———
Cont.
] kW
Output rating
Gross) "1
5 |¢ ) Dﬂit;i kW 37.4 39.0 405 42.4 44.0 425 44.4 46.3 482 50.2 52.1
Cont.
; kW
Qutput rating
NET
(NET) oﬁlitsli kw 36.8 38.2 39.7 41.6 43.0 419 438 4556 47.4 493 51.1
8 Spi’g?“m idling min +25 2290 2400 2510 2590 2700 2180 2290 2400 2510 2590 2700
7 Specific fuel KWh <204 =231 <004 <231
consumption ¢ = = = =
8 | Exhaust gas temp. °C (°F) <610 ‘ =620 | =630 <640 =650 <600 =610 | =620 | =630 =640 | =650
9 | Compression ratic — 18.5 18.5
10 Diesel fuel injection MPa 10 10 10 10
pressure (kgflcm?) 21.6% {22{% ) 21.677 " (226, )
11 | Main shaft side — Flywheel side Flywheel side
12 | Rotation direction — Counterclockwise (Viewed from flywheel side) Wrom flywheel side)
13 | Governor — (Electronic goverrm\\l—speed governor) Electronic governor (All-)peed governor)
14 | Aspiration — \_Nimspiration aspiration
15 | Cooling system — Liquid-Cooled With Radiator Liquid-Cooled With Radiator
16 | Lubricating system — Forced lubrication with multi-stage trochoid pump Forced lubrication with multi-stage trochoid pump
17 | Starting system — Electric starting Electric starting
18 | Charging system — Alternator (12 VDC/40 A) Alternator (12 VDC/40 A)
19 | Starting aid device - Air heater (12 VDC/500 W) Air heater (12 VDC/500 W)
Engine oil | Rated
20 pressure | speed MPa 0.34+0.05 (3.5+0.5) 0.34+0.05 (3.5+0.5)
o1 Qil pan Full ¢ 10.2 10.2
capacity | Useful ¢ 4.5 4.5
Engine coolant .
J_ "
22 capacity 4.2 (Engine only) 4.2 (Engine only)
Cooling fan type - ) \ ; \
23 dia. % No. of blades mm Made by resin, Pusher, F Type - 6410(A!)x6 Made by resin, Pusher, F Type - $410(A!)x6
Crank V-pulley dia./
24 | Fan V-pulley dia. mm/mm $130/¢130 $130/$130

El HHIE TRAINING CENTRE
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NV3, ad apted (tl er |||) Optimization of injection bore diameter—Reduce PM

Electronic control of EGR (exhaust gas recirculation)
- to achieve lower NOx

IZI HHIE TRAINING CENTRE
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2. ELECTRONIC CONTROL SYSTEM (ECO) hitpss ftruckmanuel shub.comy .6 -
Electronic CSD valve (cold start device)
control 1 1
governong | [
Actuator — 3
o F N
4 mh LN
Rack iti =1 Ipjection.pum
sgr?soeosmon » /LL pump

Engine speed"sgbﬂlﬂ z'_.'EI'/

v

ECU

v

DK
A

S

A

v
4
\‘

A

Air heater

Coolant temp. sensor

i Starter

IZI HHIE TRAINING CENTRE

Accelerator




2. ELECTRONIC CONTROL SYSTEM - ECO,GOVERNOR b com F_)A7G -

YANMAR-'ECQ’ governor

Rated

Mech.Gov.\

ECO Go

Low-IdIe

Hi-ldle

Englne Speed

’_\—Speed reduction —7_

EI HHIE TRAINING CENTRE
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YANMAR-'ECQ'’ governor
,—— Fuel Increase for Engine Start

~
e

//1 \\\\ at Full - Throttle

Fuel Injection Quantity

200 400 600 800 | 1000 1200 1400
— Engine Speed min-'

__________________________________________________________________

| HHIE TRAINING CENTRE




2. ELECTRONIC CONTROL SYSTEM - 2G EGRAYERNRR
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Eco-Governor is Yanmar’s unique electronics control governor system which has been
used for over 10 years mainly on agricultural machines. Yanmar has renewed this
system to aplly to all equipment and named it “2G Eco-Governor” which means second
generation Eco-Governor. In addition an EGR valve is controlled by this system.

Idling speed control After heat control
Idling speed will be adjusted Starting aid devices stay
depending on cooling water activated after start
temperature

Engine warm-up time reduced,
protection at high idle & less
white smoke

El HHIE TRAINING CENTRE
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LIRS

Communication function

Data logging by ECO system
Connection for troubleshooting

Possible to monitor engine
performance
System diagnosis incl history




3. INJECTION PUMP - RACK CONTROL
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Target

Water Temp.

L,

Solenoid valve CSD

Spring return

when replacing the pump, data files
need to be written to the ECU>> See
"TNV-ECO-diagnostic tool.pdf, p51
for more information

Engine speed gear

HHIE TRAINING CENTRE

engine speed ECU e : T
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3. INJECTION PUMP - RACK CONTROL
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RPS : E36

AVB : E43
GND-A : E28 \

(rr1 10

T

The E-ECU adjust the magnitude of current flowing through the rack actuator solenoid by shortening or
lengthening the ON-duration of the output transistor. The rack position of the fuel injection pump varies
depending on the magnitude of current flowing through the rack actuator.

This technique where the ON duration of the transistor is changed to provide current control is called PWM
(Pulse Width Modulation). The PWM cantrol period of the Eco-governor E-ECU is 0.4 ms.

PWM output

0.4m
’ﬂ_ﬂ
Short—

il
Long

ECU

pin

J nr. 42

A =]

Rack actuator

NC

Sol-L : E42
/SOI-H toVB
o

NO3 ash} Ny

CR-68

CR-67
7A G oy
6E Br o2 6 31
60 orw
59 G

\\)

Rack position sensor

CN-194
4 oW
Y or o 11
H
to ECU (pin 42) CZO5 ool Rack
neg. control 30 actuator
(neg ) 69 RW 40 5 avb
%/ 35 YW oY% | 41ps
to Ecﬂ 22A B 6 gnd
06
RACK ACTUATOR

[c]
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3. INJECTION PUMP - RACK CONTROL T T ET _12-

CORRECTED PIN LAY OUT FOR CR-68 (ecu main power) AND CR-67 (rack actuator) ON R80-7A

L ol © <<
C)F'Q'LO

HEEE S| 7|38
s z| |z|6
ol ] o (an ] N o el A

CR-68
CR-67

ECU MAIN POWER RACKACTUATOR
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3. INJECTION PUMP - RACK POSITION SENSQRckmanuaishu cony e

The Eco-governor controls the fuel injection quantity by adjusting the rack position of the fuel injection pump.
The rack position is converted into voltage by the rack position sensor, and the voltage signal is applied to E-
ECU terminal RPS and sent to an AD converter. The AD converter converts the input voltage of 0 to 5 volt
into an AD value of 0 to 1023. See Figure 2-14.

The Eco-governor controls the maximum and minimum rack positions and calculates the load factor on the
basis of this AD value.

4 5.0
|
= 1 .
[
()]
=
2 Rack position sensor o AN AT
(Magnetic type) Rack po'si Sl ||
Boareli
> B > ‘
0 > FIR i
Rack position [mm] = UT L
* 1023 Ins ] =
ok e gE__
_ i | V"TB
(] - | - X _
%:, '(,.; - — I u'ili ""_L
E oK gﬁ [
a =
2 £ =
; -

30 Map: AD values used
Voltage [V] '
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3. INJECTION PUMP - ECO 2G GOVERNOR VEBSUS MEGHANICAL GOVERNOR
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INJ. PUMP WITH EL. GOVERNOR (on -7A & -9) INJ. PUMP WITH MECHANICAL GOVERNOR (on -7)

Engine speed sensor

* magnetic type
* detects eng. speed with 12 pulsers attached
to the camshaft

EI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER
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1/19

Contents

1. Condition of trouble
2. Procedure for removing actuator
3. Checking for governor-lever
4. Checking for actuator
(Procedure for checking guide-plate)
5. Procedure for installation actuator

HHIE TRAINING CENTRE
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2/19

1. Condition of trouble

(1) The following trouble occurred.

- The engine doesn't start.
" The load doesn't hang though the engine starts.
- The rotational speed of the engine doesn't go up though the engine starts.

(2) When you confirm the breakdown lamp
- It blinks seven times.
- It blinks eight times.
- It doesn't light.

(reference) When you use YDT.
code of DTC . Either P1203 or P1211 error code is displayed.

(3) Execution judgment of confirmation work

The trouble of the actuator thought. when the trouble (1) occurred,
and it applies to either of (2).
Please remove the actuator according to the following procedures,
and do the confirmation work.

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING EOR. ACTU)

OR & GOVERNOR-LEVER
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(4) Outline of work

Please judge byl 3.Checking
for governor lever)

Please judge by ['4.Checking
for actuator]

3/19

The following trouble occurred

1.The engine doesn't start.

2.The load doesn't hang though the engine starts.

3.The rotational speed of the engine doesn't go up though the engine starts.

Checking for Other causes are thought.

error code

Please cope with it according to
the troubleshooting manual.

It confirms it with the breakdown lamp.

= It doesn't light or it blinks seven times or eight times.
Checking by YDT

= Either P1203 or P1211 error code is displayed.

There is a possibility that grouting of
the actuator guide plate is loose.
Please remove the actuator. rivet

Please work according to [ 2. Procedure for removing actuator

Doesn't move

Checking for
governor lever

for the exchange.

It is necessary to exchange pump.
Please prepare for the pump

Doesn't loosen

Checking for

guide plate Please work according to

The actuator is assembled as before.

['5.Procedure for installation actuator

Please exchange it
for the emergency actuator.

Please work according to
Is.Procedure for installation actuator]

It is necessary to exchange pump.
Please prepare for the pump
for the exchange.




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _P?_SE_

4719

2. Procedure for removing actuator
(1) The look of actuator

The actuator 1s installed in
governor case with four bolts.

Actuator

' Speed sensor |

Socket size:12mm

EI HHIE TRAINING CENTRE
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5/19

2. Procedure for removing actuator

(2)Please remove four bolts.

Because the actuator parts from governor case when loosening a bolt.
please hold it by hand while removing it.

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _PSSE_

6/19

2. Procedure for removing actuator

(83) The actuator is rotated in the direction of the figure below
with 1t pressed against governor case.

Before rotation After rotation

The actuator pressed

against gOVernor casc information :

5 «;\\ Angle of rotation

N about 60 deg

EI HHIE TRAINING CENTRE
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7119

2. Procedure for removing actuator

(4)You remove the actuator backward keeping the state of 2-(3).
You will be able to remove feeling neither caught nor resistance on
the way.Please do 1t over again from 2- (3) ,when you feel resistance.

remove feeling neither
caught nor resistance

The link has not come off.
Please do it over again from 2-(3).

It doesn't come off any further. §

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING EOR. ACTU)
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OR & GOVERNOR-LEVER o

8/19

3. Checking for governor-lever

push the governor
lever by the finger.

(1)

Rack-restoning assisting spnng

) |Spacers

&)

Govemneor lever

) |Govemor-lever pin

(3)

Link

) |Govemor-lever shaft (Eccentme shaft)

When the governor lever doesn‘t move = Please exchange pump.

When the governor lever moves (about Smm)
= Please go to [4. Checking for actuator |

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _PS(;E_

9/19

4. Checking for actuator
(1) Checking for guide plate _| 31t doesn't rotate. = OK

i @take the plate B
(DHold Plate A by the finger. and rotate it.
stk '

When plate B doesn’t rotate
=The grouting of guide plate 1s OK.
= Please install the detached actuator again.

When plate B rotates
= The grouting of guide plate is loose. (NG),
=1t is necessary to exchange actuator.
Please exchange it for the emergency actuator.

EI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER
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10/19

5. Procedure for installation actuator

(1) O-ring is inserted.

EI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING EOR AC T1)

11 /19

PAGE
OR & GOVERNOR-LEVER =

5. Procedure for installation actuator

(2)-1 You make width across flats of governor lever pin
the same direction.

® Governor lever pin

The look of governor lever pin

width across flats

EI HHIE TRAINING CENTRE



3. INJECTION PUMP - TROUBLESHOOTING EOR, AT

12/19

OR & GOVERNOR-LEVER

PAGE
-26 -

5. Procedure for installation actuator

(2)-2 You make width across flats of governor lever pin

the same direction.

2 The correct direction

P
’ 0

The wrong direction

EI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _ngE_

13/19

5. Procedure for installation actuator

(3) You insert actuator into governor case.

Direction of the notched
portion of the guide plate.

Position [z

it pressed against

feel resistance for spring governor case.

EI HHIE TRAINING CENTRE
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14 /19

5. Procedure for installation actuator
(4)-1 The actuator 1s rotated in the direction of the figure below
with 1t pressed against governor case.

The actuator pressed After rotation

Before rotation

against governor case

Two holes are piled up. |

Important: When you feel resistance even a little at the time of rotating.
Please stop it at once.
(The actuator 1s damaged when keeping rotating. Refer to 5-(4)-2)

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _PSSE_

15/19

5. Procedure for installation actuator
(4)-2 In wrong cases

Before rotation

Vg = § O

Direction of rotation
et %, 7,
»

I

A

Y

~
v,
\
.

-

A

Please do 1t over
again from 5-(2)

| The governor lever pin hits
the notched portion of the guide plate.

IZI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER _ngE_

16/19

5. Procedure for installation actuator
(4)-3 In correct cases (OK)

Betfore rotation OK F

© - Duection of rotation
' ,

e

| Two holes are piled up.

IZI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING EOR. ACTU)

17/19

OR & GOVERNOR-LEVER

PAGE
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5. Procedure for installation actuator

(5)Please pull the actuator lightly. Please inspect the thing that
the actuator cannot be detached from governor case.

Go to 5-(6)

again from 5-

Please do 1t over

(2)

EI HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING QR ACTUAIOR & GOVERNOR-LEVER

PAGE
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18/19

5. Procedure for installation actuator

(6)Please fix four bolts.

Socket size: 10mm
Tightening torque:16.5%&2.0N'm

Socket size:12mm
Tightening torque:20+2.0N'm

HHIE TRAINING CENTRE




3. INJECTION PUMP - TROUBLESHOOTING FOR. ACTUATOR & GOVERNOR-LEVER ngE
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5. Procedure for installation actuator
(7)Please mark 1t to the actuator.

Position of sign

(8)=Please connect the wire harness.

*Please confirm whether the engine starts

(= When the actuator 1s normal

[—) Please cope with it according to the troubleshooting manual.)

Important: When you exchange 1t for the emergency actuator

) Please exchange the Fuel Injection Pump and ECU later.

HHIE TRAINING CENTRE
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The fuel injection pump (MP pump) has a CSD valve mechanism that allows the fuel injection timing to
advance and the injection quantity to increase, thereby improving the cold start performance of the engine.

The Eco-governor has a solenoid valve CSD where the CSD can be opened or closed with a valve solenoid.
The E-ECU opens the CSD valve when the coolant temperature sensor detects that the coolant temperature
is 5°C or lower at cold start. The CSD valve closes when the coolant temperature rises to 5°C or five minutes

have elapsed after engine started.

Solenoid valve CSD

Electric symbol

Y

Circuit: Low side, PWM port
Output: 2.41 A Max. (@12 V)

Temp coolant < 5°C
at start

Temp coolant > 5°C
at start

ACTIVATION:
CDS valve opens
(for max. 5 min)

DISACTIVATION:
CDS valve closes

HHIE TRAINING CENTRE
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3. INJECTION PUMP - COLD START DEVICEh(Qémkmanudmub_cow _ngE_

COLD START DEVICE on
YANMAR engine R55-7A

If you dismount the solenoid , you will find a loose spring at the bottom of the solenoid.
It is not easy to mount it back if the pump is mounted on the engine.

| C I Fitting for the solenoid, the spring can be found on the bottom when you remove the solenoid.




3. INJECTION PUMP - COLD START DEVICEh(gémkmanudshub_cow

The spring from

the bottom
Small spring
from the top

Two other
components

HHIE TRAINING CENTRE



3. INJECTION PUMP - COLD START DEVICEh(Qg'%mkmanudshub_cow
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Solenoid Valve CSD (Solenoid)
Solenoid Spring

0-Ring 4D1020

Timer Holder

Timer Piston

O-Ring 1016

Hydraulic Base

N RWN =

8. O-Ring 1011
9. Timer Spring
10. Timer Packing

In case of CSD failure,
normaly only the solenoid
valve (1) needs to be
exchanged. All other parts
can remain in the FIP!

If other parts are or need to
be removed as well, the
easiest way to mount back is
shown in the next slides

11. Backup-Ring T2P15

12. Backup-Ring
13. Cap (Timer))




3. INJECTION PUMP - COLD START DEVICEh(Qémkmanudshub_cow

Insert the timer spring

HH

PAGE
-38 -
OW TO RE-MO PARTS O D
pres Mount the timer holder
>:-’ “‘U
W\ et
C WY
=3 SN
0 -‘."_'5'. | . yu
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'Y

—+|nsert the timer piston
(with some diesel for
lubrication)

IZI HHIE TRAINING CENTRE
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- Insert the timer cap

{7
Lie
i

Timer cap installed

IZI HHIE TRAINING CENTRE




3. INJECTION PUMP - COLD START DEVICE (&SR menaishub.con e

Place the solenoid plunger

And the solenoid spring

IZI HHIE TRAINING CENTRE




3. INJECTION PUMP - COLD START DEVICE {G:SR)manushub.cony e

Finaly mount the solenoid
valve. Make sure that the
0-ring is mounted correct
as shown here. At
disassembly the o-ring
can remain seated on the
solenoid plunger!

El HHIE TRAINING CENTRE




4. EXHAUST GAS RECIRCULATION (EGR)  pyos/truckmenuashub.cony
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Speed & Load
& temp-coolant

L
x =
O <1
Ll %
u goal of EGR valve: T
» L _1 » . . 9
Intake Air © haust Gas | combustion temp. reduction =
NOx reduction
EGR principe: A

By recirculating exhaust gases in the intake, the available gases to combust will be diminuished and that causes

EGR domain C

Electronic Control
for EGR valve

]

P

(¥

O C

Engine Speed ==

slowing down & cooling of the combustion process by several hundred degrees, thus reducing NOx formation. B

The Eco-governor uses an electronic-controlled EGR valve to reduce the emission of NOx from 37 kW or
more engines.

The EGR valve is driven by a stepping motor. The opening (0 - 54 steps) of the EGR valve is adjusted
depending on the engine speed and load factor so as to control recirculation of exhaust gas. Flgung 2-31
outlines the relationship between the number of steps and the flow rate. Ssay

Flow rate

The EGR valve does not open when the coolant temperature is lower than 60°C. This is because low
temperature corrosion due to condensation of exhaust gas components must be prevented.

The EGR valve is driven by a stepping motor. This stepping motor adopts two-phase excitation and requires

Valve opening point

holding current to keep the valve stopped. "Two-phase excitation" means that the solenoid is supplied with °
two-phase current and "holding current" does that the solenoid is always energized. The motor of the EGR
valve is consequently approx. 24 watt heated even while the engine is at rest.

Il For electronically controlled EGR engine, it is necessary tu use fuel with max. 1000 ppm of sulfur !!! - In
case of too much sulfur parts, sulfuric acid can be formed (due to the presence of recycled sulfur dioxide) and
cause corrosion on the cylinder liner and other major components

El HHIE TRAINING CENTRE
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Output from ECU to EGR valve:

The EGR valve output is a high-side output. See Figure 2-22.

The EGR valve is driven by a stepping motor. This stepping motor adopts two-phase excitation and requires
holding current to keep the valve stopped. "Two-phase excitation" means that the solenoid is supplied with
two-phase current and "holding current” does that the solenoid is always energized. The motor of the EGR

valve is consequently approx. 24 watt heated even while the engine is at rest.

The E-ECU turns on or off the output transistors in the sequence shown in Figure 2-22, thereby driving the
solenoids for the stepping motor and opening/closing the EGR valve. The speed of the valve open/close
operation depends on the on/off speed of the transistors. The EGR valve opens at 125 pps (pulses per

second: the number of steps taken per second) and closes at 250 pps (20 pps for 10 steps before full close).

EGR
VALVE

Motorized valve operation

Open (counterclockwise)

I R N

AL 1L T
B

Bl LTI
Close (clockwise)
Step

—»

AL 1L T
Ar L1
B

Bl LT

livalent

ERG valve motor
(Stepping motor)

Connector pin arrangement
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ECU

Fig 2-22 JS:J y
CN-193
LR 1 (A)
+12V Br > o A0
G -
G.:M 30 stpm b o)
L R 40
+12V - s O% O
v 06
EGR VALVE
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oo
7 Hyundai
o N water temp. sensor
watertem CD-30

HYUN DAP (21EA-62010 for R55-7A)

Yanmar
water temp. sensor

CD-8 , |

(XJAU-00896 for R55-7A)

CD-8 Ry

GF
— "

B

Y ANMAR

WATER TEMP SEN
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The input characteristics of the coolant temperature sensor are shown in Figure 2-15. As in the case of the
rack position sensor, the input voltage of 0 to 5 volt is converted into an AD value of 0 to 1023. As is clear
from the figure, the thermistor resistance decreases with increasing temperatures.

The measurement error of the coolant temperature sensor is approximately +3°C at 0°C and +6°C at 110°C.
The coolant temperature sensor has been designed so that it provides high measurement accuracy at
relatively low temperatures to allow low-temperature control of CSD etc.

The E-ECU coverts the input voltage into temperatures by mapping. Connecting a thermistor with different
characteristics to the sensor or connecting an unintended load to the thermistor circuit will affect the
relationship between input voltage and temperature, resulting in failure to perform correct temperature

measurement. Do not connect a coolant temperature sensor other than the Yanmar genuine sensor to
terminal TW (E25 - E28) of the E-ECU.

HHIE TRAINING CENTRE

30 ECU Voltage sig.
\ — Thermistor resistance [kQ] 5.0V 0.3~ 4.7V

25 .,\ - -~ Input voltage [V] ] (HOT temp COLD temp)
2 20 . S 1.5k
3 N Q
E 15 . Ju!
2 \ o S| |Input voltage [V] (
g 10 N =

5 DT — @ Thermistor

. o |\ T Yanmar

-30 0 30 60 90 120 ¢ water temp. sensor
Temperature [°C] 77; T CD-8
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R55-7A

ECU

ENGINE N
CONTROL
UNIT

CR23
START
RELAY

CR24
AIR HEATER
RELAY

1 RESISTOR RS-1

DIAGNOSTIC PLUG
YANMAR CN 148

RS-1
Be oA A
G OB
Qc B
RESISTER
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R80CR-9 (first model) ( I?SOCRHQ )
= _ ater mode

VIEW BEHIND CAB

'

y R60CR-9
\w’lsw BEHIND CAB (later model) I
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Starter Control
Starter safety control .
c Key on
I
5
w1 Starter on
a 1
X
L T
b —mSelf Check o
E : : . Relay OFF START
a1 ECU | we
tn 1 I
I ’? Bait
1 ] ery
1 Starting
. l : : ! motor ’7_|7
B : Y . -
|
ﬁ . kl .
y _ - _ Changeable(Option)
Starter inhibit . N .
/
, 325 rpm y
. . i ' B75 /
Maximum running time: 30sec. voferpmo
. Changeable (Option) S~a__-"
Resttime for next cycle: 30sec. N
start position
Key Switch

Starter Motor

30sec . 30sec
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Air cleaner SW
7. ENGINE VIEW -

Gas Recirculation)
CN 193

-
CSD valve (Cold
start device) CD 62
..': 3 /N A . . " — . ! A '

L 7 | s A 1

< . - ”~ . « -

' — St N - 5 | Water Temp

EGR valve (Exhaust ) s g c CD8 /
. ) ) - T T . (Yanmar)

AR/

o - : . : ey - ’ Water Temp | ‘
. » X : -'_.. » CD 30 ' i
: (Hyundai) 'l. ‘
RACK , —— : ’ N .-J
. i - - |
. e - ‘ |
-

ACTUATOR 3

Tacho
(speed) B
sensor
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When the ECU (engine control unit) detects an active engine fault,

the engine fault warning lamp on the cluster lights up and the beeper inside cluster starts beeping

Each engine fault code generates a specified amount of beeps with specified length:

Example 1 Accelerator sensor failure
Upper: 5 times
A
Power on Is N

3s 0.5s 0.5s 3s
L d

+—>

|-On repeatedly

Off

A\ Annnn

Example 2 ERG valve failure
Upper: Once Lowerf times
P A
ower on ( NG N

3s 1.5s 0.5s 3s
4+— O

+—>r

|-On repeatedly

A\

Off

LISTEN TO LENGTH &
FREQUENCE OF
BEEPS FOR
TROUBLESHOOTING !

“Accelerator engine failure” > BEEPS CODE = *“5%"

In this case the beeper creates 5 “short” beeps

‘ERG valve failure” > BEEPS CODE =1 - 3"

In this case the beeper creates 1 “long” beep,
followed by 3 “short” beeps

In case of simultaneous engine faults, the different beep patterns will appear successively, in order of increasing number of beeps.

A complete overview of the engine errors list can be found on next pages
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ENGINE ERROR CODES LIST PAGE - 33 -
Failure detection ) . Action/ Number
No. Item Lo Operation when failure occurs condition for | Category of
conditions
recovery beeps
1 | Coolant tempera- | Sensor voltage is Engine runs with a coolant temperature of | Correct failure. | Always 4
ture sensor failure |{4.8 V or more, or 30°C. enable
0.2V or less.
2 | Accelerator sensor | Sensor voltage is [Without optional backup accelerator sensor] | Correct failure. | Defaultto 5
failure 4.6 V ormore, or | Engine runs at 1500 min™'. (Option can disable
0.2 V or less. change)
[With optional backup accelerator sensor]
Select backup accelerator sensor: No
limitation
Backup accelerator sensor failure: Engine
runs at 1500 min™’ .(Option can change)
3 | Speed sensor Engine start signal | [With optional backup speed sensor] Turn key off. Always 6
failure (E8) is on, butthe | Backup speed sensor becomes active; enable
engine speed is speed is limited to 1800 min™".(Option can
Zero. O_Jm:._@mv
Engine speed Backup speed sensor failed: Engine stops.
decreases by 480 | [Without optional backup speed sensor]
min"! or more in 40 | Engine stops.
ms.
4z Rack position Correlation Engine runs with limited output and speed. | Turn key off. Always 7
8| sensor failure between rack actu- | (Rack position control is inactive and speed enable
m ator output and rack | control is active).
& position exceeds
] Eﬁmm:o_a upper
s limit by 0.32 sec. or
£ more.
S Correlation
= between rack actu-
g ator output and rack
E position exceeds
threshold lower limit
by 0.16 sec. or
more.
5 | Rack actuator Rack actuator cur- | Engine stops. Turn key off. Always 8
failure rent is too high. enable
Rack actuator cur-
rent is too low.
Engine accelerates
with minimum rack
actuator output.
Engine stalls while
rack position sensor
is failed.
6 | Overspeed Idling engine speed | Engine stops. Turn key off. Always 9
exceeds high idling enable

speed plus 600 min™.




ENGINE ERROR CODES LIST PAGE - 54 -
. . Action/ Number
No. ltem Failure n._m.”mn__o: Operation when failure occurs condition for | Category of
conditions
recovery beeps
7 | Backup speed Engine start signal | Engine continues to run while main speed | Turn key off. Defaultto 1-1
sensor failure (E8) is on, butthe | sensor is used. disable
engine speed is Backup speed sensor failed: Engine stops.
zZero.
Engine speed
decreases by 480
min"" or more in 40
ms.
8 | CAN communica- |CAN communica- |Lastvalue is retained. Backup sensor Correct failure. | Defaultto 1-2
tion failure tion packets cannot | becomes active. enable
be received.
9 |EGR valve failure |Low status is Engine runs with limited output(92%) and Turn key off. | Defaultto 1-3
detected even speed(1800min ). disable
through port is off.
High status is
detected even
through port is on.
10 | CSD solenoid valve | High status is Engine continues to run with port being off. | Turn key off. Always 1-4
failure detected even enable
I= through port is off.
S Low status is
S detected even
G through port is on.
jm Air heater relay High status is Engine runs with air heater relay being off. | Turn key off. Default to 1-5
O failure detected even enable
m through port is off.
E Low status is
B detected even
je3 through port is on.
12 Main relay failure Poweris notshutoff | Engine runs normally. Correct fail- Defaultto 1-6
even though main ure.Orturnkey | disable
relay is off. off.
13 | Rack actuator relay | Low status is Engine stops. Turn key off. Always 1-7
failure detected even enable
through port is off.
High status is
detected even
through port is on.
14 | Backup accelerator | Sensor voltage is Engine continues to run while main acceler- | Correct failure. | Defaulito 1-8
sensor failure 4.6 V or more, or ator sensor is used. enable
0.2 Vor less. Main accelerator sensor failure: Engine runs
at 1500 min™! .(Option can change)
15 | Atmospheric pres- Atmospheric pressure compensation is Turn key off. Defaultto 1-9
sure sensor failure canceled. enable
16 | Oil pressure switch | Oil pressure switch | Engine runs normally.(Option can change) | Turn key off. | Defaultto 2-1
failure fails to turn on when enable
engine is off.
17 | Charge switch Charge switch fails | Engine runs normally. Turn key off. Defaultto 2-2
failure to turn on when enable
engine is off.
18 | Power supply volt- | E-ECU supply volt- | Engine runs normally. Correct failure. | Always 2-3
age abnormal age exceeds 10.0 V. enable

E-ECU supply volt-
age exceeds 16.0 V.




ENGINE ERROR CODES LIST PAGE - 35 -
A A Action/ Number
No. Item Failure o._m.#mn:o: Operation when failure occurs condition for | Category | of
conditions
recovery U@@Um
19 | Sensor 5V failure Monitoring voltage | Engine runs normally. Turn key off. Always 2-4
is approx. 0 V. enable
Monitoring voltage
is 4.5 V or less.
Monitoring voltage
is 5.5 V or more.
20 | E-ECU overheat E-ECU temperature | Engine runs normally.(Option can change) | Correct failure. | Defaultto 2.5
alarm exceeds 105°C. enable
Alarm is canceled
when E-ECU tem-
perature decreases
to 100°C.
(Option can change)
21 | Oil pressure low Qil pressure switch | Engine runs normally.(Option can change) | Correct failure. | Defaultto 3-1
fails to turn off when enable
engine is running.
22 | Charge failure Charge switch fails | Engine runs normally. Turn key off. Defaultto 3-2
to turn off when enable
engine is running.
mmm Coolant tempera- | Coolant tempera- | Engine runs normally.(Option can change) | Turn key off. Defaultto 3-3
&/ ture abnormal ture switch turns on. enable
245 Air cleaner block- | Air cleaner switch Engine runs normally.(Option can change) | Turn key off. Defaultto 3-4
.m age alarm turns on. enable
298| Oily water separa- | Oily water separa- | Engine runs normally.(Option can change) | Turn key off. Defaultto 3-5
&/ tor alarm tor switch turns on. enable
mﬂ Coolant tempera- | Coolant tempera- | Engine runs normally. Correct failure. | Defaultto 3-6
S| ture high alarm ture is 115°C or enable
W higher.
g Alarm is canceled
E when Coolant tem-
perature decreases
to 110°C.
(Option can change)
27 | E-ECU failure FlashROM suffers | Engine stops. Turn key off. Always 4-1
[ROM error] checksum error. enable
28 | E-ECU failure Reading/Writing Engine runs normally. Turn key off. Always 4-1
[EEPROM error] fails. enable
EEPROM suffers
checksum error.
29 | E-ECU failure E-ECU fails to com- | Engine runs normally. Turn key off. Always 4-1
[Sub CPU failure] | municate with sub enable
CPU.
30 | E-ECU failure Map format is Engine stops. Turn key off. Always 4-1
[Mapping error] invalid. enable
31 | E-ECU failure Sensor voltage is Engine runs normally. Correct failure. | Always 4-1
[E-ECU tempera- |4.6 V or more, or enable

ture sensor failure]

1.0 V or less.
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v

By pressing "M", you scroll over next functions

i 3
a2

|:> Changing time

"

o 3

LCino

M

|:> Setup of anti theft system ESL

!

I
T

}l Changing customer's ESL
password

codes & Cluster functioning in the
manual: “CLUSTER 5~8 ton exc.”

|:> Viewing Hyundai error codes
| |Find more info about Hyundai }QK

By pressing

ENTER button

-

you can open the

menu item
in question

To visualise other fault
codes, use the buttons:

(®.0)

|:> Viewinrrorcodes /____

YANMAR

SEE FULL LIST ON NEXT PAGES
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Fault code
Dascription
VANMAR SPN [ FMI Fault coda o
1210 4 [ Engine fuel rack position sansor: shorted to low soumce YANMAR SPH | Frl Descipticn
3 | Engine fuel rack position sensor : shorted to high sourcs 4 | Cold start dewice : cpen circuit
4 | Accelerator padal position sensor A" ; shorted to low source 522242 3 | cold start device : short circuit
3 | Accelerator pedal position sensor A" shorted to high source 2 | cold start devics : intarrittent fautt
91 2 | Accelarator pedal position sensor“A”:internittant fault .. 4 | EGA stopping mator A" apen circult
1 | Accelarator padal pesifion sensor A" : below nomnal oparaicnal range (SAE H843) 522254 3 | EGR stepping metor A" : shortcireult
0 | Accelarator padal position sensor A" : above nomnal operational range (SAE J1843) 4 | EGR stepping metor *B"  open circuit
15 | Accelerator padal posifion sensor “A”; not available (SAE J1842) 522252 - — —
4 | Accelerator pedal position sensor °B” : shorted to low source 3 |EGR stepp!ng mator '8 short cm:urt
— - 4 | EGR stepping mctor “C" : open circuit
3 | Accelerator pedal position sensor “B" : shorted to high source 522253 - —
2 | Accelerator padal position sensor "B : intamittent fauit 3 | EGR stapping mator*C”: shart dircuit
23 1 | Accelerator pedal position sensor "B below normmal operaficnal range (SAE H843) 522254 4 |EGR stepping motor*D’: open l:ircuirt
0 | Accelerator pedal position sensor °B” : above nomnal operational ranges (SAE J1543) 9| EGR stapping metor *07; shart dircuit
8 | Accelarator pedal position sensor "B communication fault 100 4 | Oil prassure switch : sharted to low source
15 | Accalarator padal position sensor“B" ; not available (SAE J1843) 1| il pressure - too low
4 | Barometric pressura sansor : shorted to low source 167 4 | Battery charge switch : shoried to low source
108 3 | Barometric pressure sansor ; shorted to high source 1 Battery charge : charge waming
2 | Barametric pressure sansor :inte mittent fault 522314 0 | Engine coolant temperature ; abnormal temperature
4 | E-ECU internal temperature sensor : shortad to low source 522323 0 | Aircleaner : machanical ralfunction
1136 3 | E-ECU internal temperature sensor : shortad to high source 522329 0 | Qi .water separator mechanir:aj- malfunction
2 | E-ECU internal temperature sensor : intermittent fault 180 0 | Engine speed : over spead condtion
0 | E-ECUinternal temperature : too high 4 | Engine fual rck actuator : shorte to kow souce
4 | Engine coolant temperature sansor : shorted to low source 538 3 | Engine fuel rack actuator ; shorted to high source
110 3 | Engine coolant temperature senscr ;: shorted to high source 7 | Engine fusl mck actuator : mechanical malfunction
2 | Enging coolant temperature ssnscr ! intemittant fault B2 12 | High speed CAN communication : communication fault
0 | Engina coolant tamperaturs : too high 2 | EECU irternal fault : EEPROM check sum ermcr (data sat 2)
= &0
4 | Sansor5V: shorted to low source 12 | E-BCU irternal fault : EEPROM ermror
1079 3 | Sensor5V: shorted to high source 12 | E-ECU internal fault : flashRCM chack sum error main software)
2 [ Sensor 5V intarmitiant fault G2a 2 | E-ECU internal fault : lashROM check sum ermr (data sat 1)
158 1 [E-ECU system vottage : too low 2 | E-ECU intsrnal fault : flashPOM chack sum arror (data sst 2)
0 | E-BCU system voltage : too high 1485 | 4 | E-ECU main relay : shorted to low source
1078 4 | Engina fuel injection pump spead sansor ; shorted to low source 12 | E-ECU irternal fault : eyeclic radundancy chack of sub-CPU amor
522402 | 4 |Auwdliary speed sensor : shorted o low source 522727 | 12 | E-ECU internal fault s acknovdedgemeant of sub-CPU amor
4 | Engine fuel mck actuator rlay : apen crcuit 12 | E-ECU intarnal fault : communication with sub-GPU arior
soop4y || Engine fuel mck actuator relay : short dreuit 500728 | 12 | E-ECU internal faul ; engine map data version amar
7 | Engina fuel rack actuator mlay @ mechanical malfunction i 12 | Immebiizer : CAN communication fault
2 Efwgine fuel mﬁcacmmolr rellay ¢ intarmitiant faut 5227 8 | Imrmcbilizer: pulss communication fault
4 | Air heater relay : open circuit 1oz 2 | Immabilizer: system fault
522243 3 | Air heater relay : short circuit
2 | Air heater relay @ intermittent
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The YANMAR Engine Diagnostic Service Tool (YEDST) for the TNV series is software to support
troubleshooting and installation/maintenance services for electronic control engines. It runs on personal

computers (PC/AT) running Windows operating system.
PC Requirements  PC/AT compatible

- Communication port : USB
+ Display resolution 11024 x 768

- 0S I Windows 2000 Professional SP1, Windows XP Professional, Windows XP Home,
Windows XP Tablet PC Edition

Connecting the Yanmar genuine service tool to the E-ECU as shown in Figure 2-53 allows status monitoring
or diagnostic testing as well as the indication of detailed failure information, fajlure log and freeze frame data.

Part nr. of Yanmar Engine Diagnostic Tool : XJAU-01062

Fail Safe
* Limp Home

* Engine Shut Down

Customer Panel

as much as possible

- keep running

Blink Engine Trouble Lamp

D> @ Indicate
Trouble Group

Connector Adapter
(USB-CAN)

Indicate in other ECU

Mind that some repair works (or others) can only be done by application

of the YEDST tool ! ——> -replacing offpump

-calibrating of ECU
[c]

-tuning of engine

Service Tool

Trouble Details

Diagnostics

WindowsPC
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-59-
>> CONFIGURATION MENU (FOR REPLACE OF ECU, PUMP)
When you mount a new ECU, you need to copy the data from the injection
pump to the ECU: the data per injection pump is “individual " and "engine
/ specific.
7.8.1.1 ECU Exchange
O Information that must be copied when replacing the ECU. FULL INFO = SEE
1) Correction information: (1) Pump injection quantity correction value, (2) Engine output correction value () PAGES 44...48 OF
2) Configuration value YEDST MANUAL

3) Calibration value
4) Tuning value

6) Serial number : (1) Engine serial number, 2) Pump serial number
7) Additional information : (1) Calibration date (date inside PC), (2 Calibration device number (license key)

7.8.1.1.1 Copy from Old ECU
When the ECU program is running normally and the CAN communication functions normally, you can copy the

setting values (correction values, etc) from the current (old) controller to the new controller. Follow these

steps. —> ... Pump data controller

7.8.1.1.2 Writing Data Received from the PDM

If the ECU is broken and data cannot be read, you can receive data from the PDM and write the correction
values to the ECU using the following procedure. First, you need to receive the pump correction data file
(Qumg serial.excg) and the engine correction data file (engine_serial.exce) for the model name and serial
number of your engine in advance. Note that, in this case, the configuration, calibration, and tuning data are not
written. Therefore, you need to reenter each item using the menu. —

7.8.1.1.3 Manual Entry

If the ECU is broken, data cannot be read, and you cannot receive data from the PDM, you can manually write
the correction values to the ECU. In this case, first, you need to obtain the pump correction data and the engine
correction data (eg, paper document) for the model name and serial number of your engine in advance from

the PDM. Note that, in this case, the configuration, calibration, and tuning data are not written. Therefore, you
need 1o reenter each item using the menu. —> ...

IZ' HHIE TRAINING CENTRE
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When you mount a new injection pump, the data from this pump needs to
be written to the ECU: in that case the ECU is updated according to the
/ settings of the new pump
7.8.1.2 Replacing the Pump
O Information that must be written when replacing the pump.
1) Correction information : (1) Pump injection quantity correction value
. Lo . At page 50
2) Serial number : (1) Pump serial number [@ of YEDST
3) Additional information : (1) Calibration date (data inside PC), (2 Calibration device number (license key) manual
7.8.1.2.1 Writing Data Received from the PDM A
When you replace the pump, you need to receive data from the PDM and write the correction values to the
ECU using the following procedure. First, you need to receive the pump correction data file (pump_serial.excp)
for the model name and serial number of your pump in advance.
7.8.1.2.2 Manual Entry
As with replacing the ECU, you can enter data manually.
>> CALIBRATION MENU (YEDST) N 2
age
This screen provides the function to calibration (correct) the sensor. You can perform the digital calibration of @ of pYEgDST
the reference position for the accelerator position sensor, and check the origin calibration value at the time of manual
injection. (APS) \
 \
>> TUNING (YEDST)
This screen provides the function to set engine's low idle rotation, select the torque pattermn, and fine-tune the At page 52
speed governing performance. You can make correction within the range according to the emission regulations. @ of YEDSIT
manua
A
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Mark on fuel pemp

Before you adjust the pump timing make sure to
mark the current position! Also attach a mark
sticker on the engine next to the mark on the fuel
pump so you can measure how far you adjust the

fuel pump.

In case of +1°  Incase of +0.25"
injection angle adjustment

——

o

|
5 A

/

v

4//,
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To be able to adjust the fuel pump you first have to loosen 7 bolts. 3 on the rear support and 4
on the flange at the distribution side. In red line you see the position of 2 of them behind the
pump house. These can be reached using a ¥, 14mm socket and extensions as shown in the
picture. The nuts and bolts don’t have to be removed just loosened.
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The fuel pump can be tilted to advance or retard the fuel injection moment. To make this
possible the 7 bolts used to fixate the pump are provided with slotted holes.

(R &
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To advance the fuel injection you have to turn clockwise when looking to the front of the
engine, the delay the fuel injection, turn counter-clockwise.
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If you like to replace the fuel pump you have to follow the previous steps but this time
completely remove the 7 mounting bolts on the pump and the support on the rear of the pump.
You also have to disconnect the fuel, oil & electric lines. Be caretull for high pressure when you
are disconnecting the fuel lines!

Proceed by removing the fuel pump drive gear cover. Then remove the c=ri=r rjui. NEVER
loosen the four flange bolts! They connect the fuel pump drive gear to the flange through slotted
holes. When they are loosened the fuel pump drive gear can rotate freely and all references of

timing will be lost!
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Normally it is enough to put a mark on fuel pump drive gear
and idler to be able to reassemble the pump on the correct
position after removal. But when the injection pump was
mounted in the wrong position or the engine has rotated after
removal of the pump there is a more precise way to put
everything right on time.

On the crankshatft pully are 3 timing marks, 2 bulges and 1
notch. You have to align this notch to the 0° mark on the
distribution cover (TDC cyl.1), make sure that cyl 1 is not only
on his TDC but also on compression AND be able to see the
“B” mark on the idler in the (not to high or to low) of
the opening from the fuel pump driver cover. These 3
situations combined appear only once every !50! Crankshaft
revolutions so a little patience can be helpfull...

When you have the engine in this position you can align the
“B” mark on the fuel pump drive gear with the “B” mark of the
idler and the gears will be positioned perfectly.
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If you replace the pump you have to calculate the injection timing difference between these pumps:

1) Remove the old pump and take a note of the timing index recorded in that pump.
2) Read the timing on the new pump and calculate the difference between new and old angle.

3) Put the pump temporarily on the gear case and install the drive gear accordingly to the ID marks you
made earlier. (Tightening torque of installation nut => 113 — 123 Nm)

4) Use the marking on the sticker to adjust the calculated (2) injection angle difference.

5) If you have calculated a positive angle correction value, push the fuel pump away from the cylinder block

to delay the injection timing and vice versa to advance the timing in case of a negative value.

/10

Timing-Index difference

Timing-Index of New pump

02

Timing-Index of previous pump
01

Calculation Example

Timing-index | Timing-index | Timing-index | Fuel pump installation method
6 2 61 Difference./1 6

Advanced injection timing

75 70 +5 oo
1 scale to direction of +
Delayed injection timing

60 70 -10
2 scale to direction of -
Install same position

70 70 0

1 scale is equal to Timing-index Difference 10=5 and 1 degree at Crank angle.

HHIE TRAINING CENTRE




10b. FUEL PUMP REPLACEMENT

https://truckmanual shub.com/

PAGE
- 68 -

If there is no timing index on the pump body
you can find it in this table buy using the
pump ID number.

Pump ID Timing index Pump D Timing index Pump ID Timing index
g2 26 a7 ETiE 32
&3 HE2T g8 BTI7 52
T4 X228 71 BTi2 57
73 X320 71 BTG 54
72 A 79 BT21 53
68 ¥H33 86 BT22 52
=] R4 g4 BT22 52
&5 X35 a7 BT22 &0
8 42 78 ETo0 52
&3 HXB 83 TQET a2
&7 01 74 TQE2 53
4 14 83 x¥s08 48
=] AM15 g8 X510 48
&4 18 88 X512 40
] AT 68 ¥513 48
4 e 80 X514 49
65 20 g2 ¥s18 51
&3 T3 x¥S20 45
7 T3 X522 57
G5 g4 X524 50
7 80 x¥=28 52
81 71 ¥EXD 48
78 24 *T02 20
&6 T4 *T04 24
75 80 *T0E 28
] a1 XT10 54
=] 83 *T11 52
62 83 *T13 29
BT 75 XT16 45
&5 83 XT17 51
T8 g7 x¥T18 55
&4 85 *T18 48
68 85 *T20 55
78 *M21 83 ¥T23 48
&4 *M23 g4 *T24 53
£3 24 g2 *T25 54
70 *M25 83 XT26 53
=] *M26 86 ¥T27 53
65 *M2T 83 ¥T28 54
=] *M20 g6 XT28 52
&5 M3 g4 XT31 45
&5 *M32 66 *T32 58
g2 *M33 g4 *T33 52
74 *M35 86 ¥T38 48
&1 MG a7 41 ]
&4 *M38 a7 *T53 51
81 45 70 T84 51
78 XM4G 83 XI5 52
&4 HE4 85 ¥TE8 51
4 ¥MN¥B 83 *T83 48
=] *R01 g4 T84 ]
&7 XT71 55
&5 X772 48
&4 T3 51
65 X8 51

XD 50
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