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APPLICATION STANDARD

The engine operating environment and machine conditions must be studied carefully when selecting an
engine in order to make the most of the engine performance, extend the service life and improve the
machine capacity.

This manual describes the items that must be considered when selecting an engine and determining the
specifications to ensure that the engine is not used beyond its capacity.

Application Standard

No. Item Application standard Remarks
1 | Engine type Direct injection system engines (DI-CR engines) TNV series
Output/rpm Refer to Specifications on page 3-5.
Output Ambient temperature 25°C
settin Atmospheric pressure 100 kPa (750 mmH
2 | Output/rpm condit?ons -p p ( 9 Same as in JIS
Relative humidity 30 % and ISO
0 . Refer to Power Corrections on
utput power correction
page 4-3.
Precautions against sand dust
) Precautions for outdoor installation
3 ip:f;ln Precautions against sea air and snow Refer to Special Operating
P 9 melting agents Environment on page 1-5.

environment

Precautions against cold environment

Precautions against hot environment

Fuel oil Ambient (tfér;perature Equivalent fuel
>-5 JIS No. 2

-5t0-15 JIS No. 3

Diesel fuel -15 > JIS special No. 3
Note: IfJIS No. 2 is used near -5 °C, note that there | Refer to Diesel
4 | Fuel oil is a risk of waxing due to the dispersion of | Fyel on
fuel. page 10-10.

Kerosene Not allowed
Heavy oll Not allowed
JP-4 Not allowed
JP-8, JP-5 Not allowed
Bio fuel Allowed up to density B7
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APPLICATION STANDARD

No. ltem Application standard Remarks
Refer to Engine Oil on page 11-5. The initial
L ubricating ol class Lubricating oil Lubricating oil filter | "ePlacement of -
9 replacement interval (hr) | replacement interval (hr) | the lubricating oil
and lubricating oil
5 | Engine oil filter should be
DH-2, CJ-4, E6 Every 250 Every 250 done at 50 hours
of service.
Allowable maximum engine oil <120 °C -
temperature At the specified
Referto | maximum
Allowable cooling water temperature <105 °C Cooling | ambient
at engine outlet = System on | temperature.
page 9-1.
Refer to Engine
6 Engine Water quality Soft water Coolant on
coolant page 9-4.
Antifreeze mixing ratio (%) Atmospheric temperature (°C)
30 Oto-15 Refer to
Radiator on
40 -15to -25 page 9-8.
50 -25 to -40
Power take-
7 off (PTO) Refer to P.T.O. Systems on page 16-1.
Low-
8 | temperature Refer to Low-temperature Startability on page 1-7.
startability
] ] o Refer to
Continuous operation All directions < 30° Crankcase
Allowable Breather
Lo System on
9 | inclination page 11-15
angle Instantaneous operation A o .
(within 3 minutes) All directions <35 (YANMAR .
standard deep oil
pan)
Allowable
exhaust
10 back
pressure . .
Refer to Allowable Air Intake Restriction and Exhaust Back Pressures on
Allowable _
! page 1-14.
air
11 | restriction at
intake
manifold
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APPLICATION STANDARD

Special Operating Environment

The engine performance depends greatly on the operating and environmental conditions.
Please consult with YANMAR when unusual operating conditions exist.

Precautions against dusty conditions

Condition Part Countermeasure

The following measures and cleaning are
necessary to prevent dust from entering the
engine:

Use double element (safety element)

Use evacuator valve

Use dust indicator

Air cleaner

to improve the wear resistance, a fan made of
Cooling fan nylon 6 (reinforced with glass fiber) may be
required.

Wear due to dusty or sandy V-belt To counteract belt wear, a reinforced type V-belt
condition may be required.

Changing the core type and adding the screen may
Radiator be required. Heat balance check after the
modification is required.

Specification of the main fuel filter with improved
Fuel filter filtration accuracy may be required to prevent entry
of sand and dust to the common rail parts.

A large capacity lubricating oil filter may be
Lubricating oll filter required to prevent entry of sand and dust into the
engine.

Precautions for outdoor installation

Condition Part Countermeasure

Rain cap (for both air cleaner

and exhaust silencer) Entry of rainwater, snow, etc. must be prevented.

Rain, snow, etc. Since electrical parts correspond to level R2* in JIS
Electrical parts D 0203, either install them where they will not be
splashed with water, or provide covers.
Location - Flat and well-ventilated place
Cleaning - High pressure cleaning not allowed

*

Level R2: A water spraying test level for checking the performance of the portion subject to indirect exposure to rainwater or
splashing water.

Precautions against salty conditions (air, sea water, road salt)

Condition Part Countermeasure

Electrical parts

Location exposed to salt air or Since corrosion may occur, careful maintenance is

Exhaust manifold bolts

road salt necessary.

Radiator
Location where salt water may _ Do not install engine where it can be splashed with
splash directly onto the engine salt water.
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APPLICATION STANDARD

Precautions against cold environment

Environmental Part Countermeasure Remarks
temperature
Battery (high CCA ificati
Below -21 °C .W( g ) Specification must be
Starting motor changed.
Cooling water hose Special rubber may be
Intake air hose required to prevent rubber
- parts frombeingdamagedby | Refer to Low-
O-rings hardening. Choose temperature
Below -30 °C Oil seal components that will Startability on page 1-7
maintain flexibility at this for startability.
Fuel hose temperature range.
Starting aid A block heater should be
used.
-40 °C or below Not recommended.

Precautions against hot environment

Environmental Temperature Part Countermeasure
Radiator A large capacity radiator and fan must be used to
. prevent the cooling water and lubricating oil
Cooling fan temperatures from getting too hot.
Above 40 °C Oil cooler Increase capacity or install as standard equipment.

Electrical parts

The temperature inside the engine hood must be
kept below 80 °C to protect the electrical parts.
Provide ventilation around electrical parts.

Indoor use

Condition Part

Countermeasure

Operation in the enclosed
space such as indoors

regeneration period.

indoors.

There is a possibility that CO and HC may be
generated at the Diesel Particulate Filter

Be sure to ventilate the enclosed space such as

Others

Condition Part

Countermeasure

Location where explosive,
flammable or toxic gas exists

Engine is not designed for installation where
explosive, flammable or toxic gas exists.
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APPLICATION STANDARD

Low-temperature Startability

The lowest temperature guaranteed for starting the engine with standard specifications is -15 °C without
load. This low-temperature startability when connected with the machine is greatly affected by the machine
coupling method, moment of inertia of the machine and the capacity of the hydraulic equipment. Since the
mounted devices vary with the manufacturer, the low-temperature startability of the engine loaded with the
machine varies even when the purpose of the machine is the same.

The combination of the starting motor, battery and starting aid in each of the following tables is a guideline.
Check the engine startability in the actual machine at the required starting conditions with the machine
manufacturer.

“Standard” or “Hydrostatic” (HST) specification in the tables refers to the standard combination of various
systems required for satisfying the startability at each temperature shown in the table.

“Standard specification” is for the machines that do not have parasitic load when engine starts, for example,
mower, tractor (with mechanical clutch), combine and so on. “Specification with large parasitic load” refers to
the machines that have parasitic load when engine starts, for example, tractor (with clutch), excavator,
loader (with direct coupled hydraulic pump), generator, and so on.

Note: “Standard” in this section is different from the standard specification in estimating the F-F cost.
F-F cost refers to the standard cost when equipped from the fan to the flywheel. Accessories such
as the air cleaner, Diesel Particulate Filter (DPF) and radiator are not included. Please contact
YANMAR for further details.
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APPLICATION STANDARD

Combination of Starting Devices for Each Machine

3TNV88C, 3STNV86CT

Standard specification: For machines with less parasitic load when the engine starts. E.g. mower, tractor
(with mechanical clutch), or combine and others.

ltem Temperature t (°C) 5<t -15<t<-5 | *20<t<-15 | t<-20
12V 1.2 kW, 129129-77010 DENSO
12V 1.4 kW, 129608-77010 HITACHI
12V 1.4 kW, 129207-77010 DENSO
12V 1.7 kW, 129242-77010 HITACHI v v v
12V 2.3 kW, 129136-77011 HITACHI
80D26 (NX110-5) CCA: 413 v v v
75D31 (N702) CCA: 447
95D31 (NX120-7) CCA: 622
115D31

130E41 (NX200-10) CCA: 799

Without energizing glow plug (only simultaneous v
energizing)

Starter

Battery
(Fully-charged
new battery)

aid

Energizing glow plug 15 sec v 4

cable

Total allowable resistance (YIS G30-7900J) 0.002 Q

Battery | Starting

Fuel ol JIS 2nd. JIS 3rd. JIS 3rd. Sp.

Lubricating oil 10W-30

Consult with machine manufacturer about specification

in consideration of startability of actual machines

L.O.|F.O.

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

3TNV88C, 3TNV86CT

Large parasitic load specification: For machines with parasitic load when the engine starts.
E.g. tractor (with HST), backhoe, vibrating roller, loader, generator and

others.
Item Temperature t (°C) -5 <t -15<t<-5 | *20<t<-15 | t<-20
12V 1.2 kW, 129129-77010 DENSO
5 12V 1.4 kW, 129608-77010 HITACHI
= 12V 1.4 kW, 129207-77010 DENSO
a 12V 1.7 kW, 129242-77010 HITACHI 4 4 v 5
12V 2.3 kW, 129136-77011 HITACHI =
8
- 80D26 (NX110-5) CCA: 413 =8
Q= c
. ©§ | 75D31 (N702) CCA: 447 8z
C = = ®
% S 8 [ 95D31 (NX120-7) CCA: 622 v v v 3 E
> 3=
@ =2 [115D31 c 3
L < TR
~ 130E41 (NX200-10) CCA: 799 5@
=2 Without energizing glow plug (only simultaneous v § 2,
£ T8 | energizing) 5 £
g © — g 8
) Energizing glow plug 15 sec v v € t
> 2%
£ 2 otal allowable resistance (YIS G30-7900J) 0.0012 © & <
3 © EQ
£0T
8 Fuel oil JIS 2nd. JIS 3rd. JIS 3rd. Sp. E ﬁ
_ 52
) Lubricating oil 10W-30 5 9°
i o .£

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

4TNV88C, 4TNV86CT

Standard specification: For machines with less parasitic load when the engine starts. E.g. mower, tractor
(with mechanical clutch), or combine and others.

Item Temperature t (°C) 5<t -15<t<-5 | *20<t<-15 | t<-20
12V 1.2 kW, 129129-77010 DENSO

5 12V 1.4 kW, 129608-77010 HITACHI

s 12V 1.4 kW, 129207-77010 DENSO

2 12V 1.7 kW, 129242-77010 HITACHI v v v c

12V 2.3 kW, 129136-77011 HITACHI "%

s 80D26 (NX110-5) CCA: 413 ~§ 8
> %5 75D31 (N70Z) CCA: 447 o<
265 [95D31 (NX120-7) CCA: 622 v v v E g
@ E>‘ § 115D31 c %

~ 130E41 (NX200-10) CCA: 799 50

o Witho_ut_ energizing glow plug (only simultaneous v E ;

.g % energizing) § %
»n Energizing glow plug 15 sec v v E T
2o £2
% % Total allowable resistance (YIS G30-7900J) 0.002 O 8 8
o © €9

=0

S Fuel ol JIS 2nd. JIS 3rd. JIS 3rd. Sp. E é

2 c
; C . 29
3 Lubricating oil 10W-30 38 ;

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

4TNV88C, 4TNV86CT

Large parasitic load specification: For machines with parasitic load when the engine starts.
E.g. tractor (with HST), backhoe, vibrating roller, loader, generator and

others.
Item Temperature t (°C) -5 <t -15<t<-5 | *20<t<-15 | t<-20
12V 1.2 kW, 129129-77010 DENSO
5 12V 1.4 kW, 129608-77010 HITACHI
g 12V 1.4 kW, 129207-77010 DENSO
@ 12V 1.7 kW, 129242-77010 HITACHI 5
12V 2.3 kW, 129136-77011 HITACHI v v v *§
B 80D26 (NX110-5) CCA: 413 § §
- 2 = | 75D31 (N702) CCA: 447 g
£5 8 |95D31 (NX120-7) CCA. 622 R
> Q =
@ E § 115D31 v v v c g
~ 130E41 (NX200-10) CCA: 799 g 3
=2 Without energizing glow plug (only simultaneous v § g
£ T | energizing) 2=
g © — S g
n Energizing glow plug 15 sec v v € T
o 8
S0 = -
2 9 | Total allowable resistance (YIS G30-7900J) 0.0012 © & 2
3 °© .5
. =g
8 Fuel oil JIS 2nd. JIS 3rd. JIS 3rd. Sp. E 5
ER:
- 2 g
) Lubricating oil 10W-30 & °
— O .£

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

4TNV98C, 4TNVISCT

Standard specification: For machines with less parasitic load when the engine starts. E.g. mower, tractor
(with mechanical clutch), or combine and others.

Item Temperature t (°C) 5<t -15<t<-5 | *20<t<-15 | t<-20
> 12V 2.3 kW, 129900-77040 v v v c
T .2
% 12V 3.0 kW, 129940-77011 E
= 0
- 80D26 (NX110-5) CCA: 413 o2
5= 8=
> 2 & |75D31 (N702) CCA: 447 o°g
25 8 [95D31 (NX120-7) CCA: 622 v v v 3 E
mn=3 ® 8
T & |130E41 (NX200-10) CCA: 799 53
S =t
o Without energizing glow plug (only simultaneous v § S,
£ 8 |energizing) 2=
g — S g
n Energizing glow plug 15 sec v v € t
= 23
T2 . £ %
=2 | Total allowable resistance (YIS G30-7900J) 0.0012 © g <
@ © €9
£T
8 Fuel oll JIS 2nd. JIS 3rd. JIS 3rd. Sp. E g
> 2
o Lubricating oil 10W-30 g 8
i O .£

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

4TNV98C, 4TNVO8CT

Large parasitic load specification: For machines with parasitic load when the engine starts.
E.g. tractor (with HST), backhoe, vibrating roller, loader, generator and

others.
Item Temperature t (°C) -5 <t -15<t<-5 | *20<t<-15 | t<-20

o) 12V 2.3 kW, 129900-77040 c

T )

% 12V 3.0 kW, 129940-77011 v v v §
= 0
- __ | 80D26 (NX110-5) CCA: 413 g2
> Q.c
> 5 © |75D31 (N70Z) CCA: 447 o5
£ 5 8 [95D31 (NX1207) CCA: 622 3E
m=2= c 8
T & | 130E41 (NX200-10) CCA: 799 v v v g%g
L 56
=2 Without energizing glow plug (only simultaneous v § S,
€ 8 | energizing) 3 £
g © — 8§
n Energizing glow plug 15 sec 4 4 € T
2%
52 . £2
£ 9 | Total allowable resistance (YIS G30-7900J) 0.0012 Q & <
@ © =iKe)
£
8 Fuel oil JIS 2nd. JIS 3rd. JIS 3rd. Sp. 23
35

S . . . c
8 Lubricating oil 10W-30 38 ;

* Standard specification shown in Specifications of Standard Engines for Machines on page 2-7.
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APPLICATION STANDARD

Allowable Air Intake Restriction and Exhaust Back Pressures

Resistance to intake airflow and exhaust gas flow is generated in the intake and exhaust systems. Do not
exceed the limits shown in the tables below to ensure proper engine performance.

The initial upper limit shown here refers to allowable resistances when new. As the engine is used, the
resistances increase due to deposits in the air cleaner and DPF. The upper limits for air cleaner element
replacement (or cleaning) and exhaust system usage process (including the exhaust tube and DPF) are the
limit values for operation.

Allowable air intake restriction (provisional value)

Allowable depression at engine manifold < kPa

Applicable model o . Upper limit for air cleaner element replacement (or
Initial upper limit*1 cleaning)
3TNV88C - 4TNV98CT 2.9*2 6.2

Allowable exhaust back pressure (provisional value)

) Allowable exhaust back pressure < kPa
Applicable model

Initial upper limit*1 Upper limit for exhaust system usage process
3TNV88C - 4TNVO8CT 12.7*2 45*3

*1: Value when the EGR valve is closed (the SMARTASSIST Direct engine diagnosis tool (hereinafter referred to as SA-D) provides
a function to close the EGR valve. Contact YANMAR for further details.

*2: Intake/exhaust resistance in the rated power for the maximum speed specification of each model. Refer to “Note Point at the
Intake/Exhaust Pressure Settings for the Engine with EGR”.

*3: Content is under close examination.

The Necessity of Intake/Exhaust Pressure Settings for Engine with EGR

Engine with EGR controls the open level of EGR valve by engine speed and load and regulates the EGR
gas volume. The EGR gas volume changes according to the difference of exhaust pressure even if the open
level of the EGR valve is the same. (Refer to Figure 1-1 below) Therefore the engine with EGR must be set
the differential pressure between the intake and the exhaust in constant range. The range of the allowable
intake/exhaust pressure for engine with EGR is as follows:

| ECU | Speed, Load & CW Temp

intake Exhaust
| /EGR Valve ;

ﬁﬂ/ EGR gas B

027887-00E

Figure 1-1
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APPLICATION STANDARD

The Characteristics of Intake/Exhaust Pressure for the Engine with EGR

The Intake/Exhaust Pressure is changed because of changing the open level of EGR depending on the load
rate for the engine with EGR. Refer to Figure 1-2 below as the example. It is also changed depending on
the engine rated speed.

9 ] T i 18
[T mm—— Air intake restriction without EGR :
G S I Exhaust backpressure without EGR | 16
7 o 14
— et =
g e L 2 g
= PPtay °
55 et 10 5
b= O S ai"‘"‘ S S o0
- - g
0 4 PP 8
& U o I Y S E
I e 6 B
o 2
D s e B A — 4 5
1 2
0 0
0 20 40 60 80 100 120

t rated
Load rate (%) atrate

046235-00ENO1
Figure 1-2

Note Point at the Intake/Exhaust Pressure Settings for the Engine with EGR

The point of the notes at the intake/exhaust pressure settings is shown.

The range of the allowable intake/exhaust pressure that YANMAR shows in the following material is in the
condition of at rated speed and rated power. The volume of the EGR gas cannot be appropriately controlled
beyond the limits of the this condition because the intake/exhaust pressure is changed depending on the
engine speed and load factor for the engine with EGR. So please note the following points.

Measurement standard (For details, refer to “Installation Test Procedures” on page 12.)
* When doing the intake/exhaust pressure matching test, do the measurement with the speed and power as
close as possible to their rated values and with the EGR valve closed.

* Please inform us engine speed and load factor at evaluation test if it is difficult to test engine at the rated
speed and power. YANMAR will inform an appropriate range of intake/exhaust pressure.

The engine rotation speed and the load factor can be measured with an engine diagnosis tool (SA-D)
supplied from YANMAR. Please inform YANMAR representative in detail.

3TNVS88C Initial upper limit for intake/exhaust pressure (lower limit and usage process upper limit
are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2400 2500 2600 2800 3000
EGR valve closed Intake restriction kPa 2.2 2.3 2.4 2.6 2.9
Exhaust back pressure | kPa 8.0 8.7 9.5 11.0 12.7
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APPLICATION STANDARD

4TNV88C (low speed specification) Initial upper limit for intake/exhaust pressure (lower limit and
usage process upper limit are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2200 2400 2500
EGR valve closed Intake restriction kPa 25 2.8 2.9
Exhaust back pressure kPa 9.8 11.7 12.7

4TNV88C (high speed specification) Initial upper limit for intake/exhaust pressure (usage process
upper limit is shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2600 2800 3000
EGR valve closed Intake restriction kPa 2.4 2.6 2.9
Exhaust back pressure kPa 9.6 11.1 12.7
Initial lower limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2600 2800 3000
Intake restriction kPa 1.9 2.1 2.3
EGR valve closed Exhaust back pressure kPa 71 8.5 9.9
Usage process upper limit for intake/exhaust Rated speed min-1
pressure (at rated power) 2600 2800 3000
EGR valve closed Intake restriction kPa TBD TBD 6.2
Exhaust back pressure kPa TBD TBD 45.0

3TNVS86CT Initial upper limit for intake/exhaust pressure (lower limit and usage process upper limit
are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2500 2600 2800 3000
EGR valve closed Intake restriction kPa 22 2.3 2.6 2.9
Exhaust back pressure kPa 8.4 9.1 11.0 12.7

4TNVS86CT Initial upper limit for intake/exhaust pressure (lower limit and usage process upper limit
are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2400 2600 2800 3000
EGR valve closed Intake restriction kPa 2.1 2.4 2.6 2.9
Exhaust back pressure kPa 7.9 9.0 10.7 12.7

4TNV9I8C Initial upper limit for intake/exhaust pressure (lower limit and usage process upper limit
are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2000 2100 2200 2300 2400 2500
EGR valve closed Intake restriction kPa 2.1 2.3 2.4 25 2.7 2.8
Exhaust back pressure kPa 8.0 8.6 9.4 10.2 11.0 11.8

4TNVIS8CT Initial upper limit for intake/exhaust pressure (lower limit and usage process upper limit
are shown separately)

Initial upper limit for intake/exhaust pressure Rated speed min-1
(at rated power) 2000 2100 2200 2300 2400 2500
EGR valve closed Intake restriction kPa 2.1 2.3 2.4 2.6 2.8 2.9
Exhaust back pressure kPa 8.7 9.6 10.1 10.8 11.7 12.7
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APPLICATION STANDARD

Emission Control Regulations for Non-road Diesel Engine
(Requirements for the Machine Manufacturers)

TNV series engine has cleared the emission control regulations including EPA regulations in the United
States, NRMM in Europe, and latest regulations in Japan. These regulations apply to non-road
compression-ignition engines or machines, and enforce regulations concerning new and in use engines that
are produced on or after the implementation date.

The manufacturers of machine must confirm the conditions presented by YANMAR in order to comply with
the emission control regulations (including EPA regulations) for their machines by submitting the installation
evaluation. The following is a brief description of the responsibilities introduced by the regulation.

Contact YANMAR for details.

Engine output
Engine output is properly limited for not only the engines with approved emission control, but all engines at

the time of shipment from YANMAR. The limit cannot be changed by the manufacturer of machines or the
user. Engine output is based on ISO 1585 “Gross Power Rating”.

“Gross Power Rating” refers to power measured with the engine equipped only with the necessary
accessories for operation on the test bench.

For the engines with other load demanded by machine manufacturers (such as cooling fan/fan pulley ratio
and hydraulic pump load), the “net power rating” which can be obtained by subtracting the load from gross
power rating is transmitted to the power line of machines. It is recommended to set the maximum absorption
load of machines to reserve 10 % allowance to this net power rating. The purpose of this allowance
percentage is to consider and include the difference between the actual environmental conditions of
machines (such as ambient temperature, fuel temperature, and/or altitude) and the standard conditions for
engine output settings at shipment.

Confirmation of compliance

YANMAR Co. Ltd. and its regional headquarters will determine approval of applications to the guidelines of
the application manual, including these emission-related installation instructions.

YANMAR will confirm the results in case the installation is performed by the manufacturer of machines.

To ensure engine performance and exhaust emissions compliance YANMAR will review net rated output
based on engine build, intake air restriction, exhaust back pressure, and any other operational characteristic
required under the engine installation evaluation process.

No modification for emission-related parts
You are not allowed to modify the emission-related parts without the permission of YANMAR.
The typical emission-related parts are as follows:
Common rail system (fuel supply pump, rail, fuel injection nozzle), DPF, ECU, turbocharger, temperature
SEensor, pressure sensor.
If you are making modification from the specification confirmed in the installation evaluation, be sure to
contact YANMAR in advance to have a re-evaluation.

Failing to follow these instructions when installing a certified engine in a piece of non-road equipment
violates federal law (40 CFR 1068.105(b)), subject to fines or other penalties as described in the Clean Air
Act.

In regard to installation position and piping of DPF in particular, exchange of an agreement with YANMAR
prior to production is required. If installation position or piping is modified, the exhaust gas emissions will not
be guaranteed.
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APPLICATION STANDARD

Engine maintenance

Equipment manufacturers are responsible for relaying all emission-related service intervals to the final user
of the product.

For equipment manufacturers who prepare their own warranty cards, owner's manuals, service manuals,
operation manuals and any related documents; they must reference the emission-related service intervals
and procedures indicated in YANMAR'’s technical documents:

Warranty statement, operation manual, service manual and application manual.

Emission control label

As an evidence of receiving the approval for the emission control regulation, attach the emission control
label on the engine. If you install the engine in a way that makes the engine’s EPA and NRMM label hard to
read during normal engine maintenance in the machine installed condition, you must place a duplicate label
on the equipment.

Fuel inlet label

In accordance with the EPA emission control regulations 40CFR1039 104, it is a requirement to attach a fuel
inlet label near the fuel inlet of the machine.

As it can be supplied as an accessory from YANMAR, contact YANMAR as required.

| EPAREGULATION |

USE ULTRA LOW
SULFUR FUEL ONLY

114110-07761

Report on sales in the USA

According to 40CFR1039 250, the EPA requires YANMAR to obtain and report the production quantity for
sales in the United States. The machine manufacturer must inform YANMAR of the actual sales quantity in
the United States when it differs from the quantity of YANMAR engines produced.

In such cases, the creation of an additional new engine model to sell exclusively in the United States is
requested to help in reporting the sales quantity without informing YANMAR.

Audit by testing the market service machine (in-use regulation)

In accordance with 40CFR1039, audit by emission testing may be conducted, using the machine installed
with the engine that is within its service life. YANMAR will contact you as needed. We ask you for your
cooperation including borrowing of your machine.

Recall - EPA

Whenever YANMAR conducts a recall program, the schedule scheme shall be reported to the authority in
advance. The remedy program shall be done accordingly. After completing the remedy work, the report shall
also be reported to the authority.

YANMAR requires the end purchaser’s information, such as name, address and machine model to proceed
with the recall program.
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ENGINE MODEL SELECTION

Model Designation

OTNVOO C (T)-000

|7 Configuration code

Turbocharger

Model name category C: > 19 kW Tier 4

Cylinder bore (mm)

Model code

Number of cylinders (3 to 4)

Configuration code = Engine Speed code and Machine code. (Refer to Engine model nomenclature on
page 2-5.)

Engine Classification

Engines are classified with (1) Injection system, (2) Displacement and (3) Engine speed as follows.
For engine performance. Refer to Specifications on page 3-5.

Classification with injection system

Abbreviation Means

DI Direct injection system

Classification with displacement

Abbreviation Means
NV2 Engine displacement is roughly 2 liters
NV3 Engine displacement is roughly 3 liters

Classification with engine speed

Classification symbol Speed range Applicable machines
CL (Constant, low speed) 1500 or 1800 min-1 4 pole generators and others

Agriculture machines, construction machines

VM (Variable, medium speed) 2000 to 3000 min-1 .
and other general machines
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ENGINE MODEL SELECTION

Engine classification with above mentioned conditions

i Classification
No. Model Combustion Group
chamber type CL VM
1 3TNV88C - O
2 3TNV86CT - O
NV2
3 4TNV88C DI O O
4 4TNV86CT O O
5 4TNVO8C O *O
NV3
6 ATNVO8CT O *O

* Engine speed up to 2500 min-1

2-4
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ENGINE MODEL SELECTION

Standard Engines for Machines

Industrial engines are used as drives for various machines such as construction machines, agricultural
machines and generators. Many machine applications based on standard TNV engine configurations for
domestic and overseas markets have been developed. After YANMAR receives your inquiry, our staff in
charge will quickly setup a conference with you to review your specifications and prepare an estimate.
YANMAR proposes the best specification that you consider using a standard engine as standard
specification for your application to help make the process of preparing a cost estimate as efficient as
possible.

Advantages of preparing an estimate based on standard engines for machine applications
» The engine design considers past quality issues specific to individual machine applications. Quality check
points enable preventive measures to be easily taken.

¢ Applying standard engine specifications make the process of submitting and preparing cost estimates
more efficient.

» Standard engine specifications basically use standard YANMAR components which provide cost
advantages for manufacturers of machines.

Classification of Standard Engines for Machines
The classification of standard engines is based on the machine application and the speed the engine runs at
(in rpm). The machine model name and principal differences are described below.

Engine model nomenclature

The engine model nomenclature of the standard engines for machines is as described below.

However, note that the nomenclature of engine models is different between engines which comply with EPA
emission control regulation Tier 3 and engines which comply with next regulations such as Tier 4 (Interim
Tier 4 (> 56 kW), and Tier 4 (19 - 56 kW)).

Configuration code = Engine Speed code and Machine code. (Refer to Model Designation on page 2-3.)

Engine speed code

Engine complies with i
EPA Tier 4 00000 -0 —$A
T Machine code

Base engine code

Engine speed or special spec. code Engine speed (min-1)
1500/1800
2000
2100
2200
2300
2400
2500
2600
2700
2800
3000

olx|r|glz|lvoln<|s|o
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ENGINE MODEL SELECTION

Model Name of Engine by Machines and Category

The names of the standard engines for machines and their application are as follows:

No. Model name Model category Typical applicable machines

1 BK Construction use, at lower speed Excavators, forklifts, refrigerators

2 WL Construction use, at higher speed Wheel loaders, SSLs, carriers, air
compressors
4P Generators (low speed)

3 GE Constant speed 2P Generators (high speed), Welders

4 MW Utility use, at high speed Mowers, utility vehicles, Speed sprayers,
pumps

5 U1 Agricultural use Tractor 1

6 U2 Agricultural use Tractor 2 with integral monocoque frame

7 SA N Full SAE housings

Utility use - -
8 SA2 Semi SAE housings
2-6 TNV Application Manual mNMAR
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ENGINE MODEL SELECTION

Specifications of Standard Engines for Machines

Machine standard engine (NV2 to complies with EPA Tier 4)

@®: Specification changeable O: Specification not changeable —: No engine model established

NV2
Model Applicable Parasitic Main 3TNV88C | 3TNV86CT | 4TNV88C | 4TNV86CT
Category Model category i e
name machine load specification Rated Rated Rated Rated
speed speed speed speed
¢ Backhoe Semi SAE 5
Constructionuse | Crane housing
BK at lower speed | © Carrier Heavy Deep oilpan ® |[2400| - - ® (2400 | - -
P « Forklift Puller fan
* Refrigerator Larger starter
¢ Wheel loader Semi SAE 5
¢ SSL housing
Construcion |1 027 Extonsion yps
WL machine at P Heavy S P ® |[3000| - - ® |[3000| @ |3000
higher speed Carrier dipstick
9 P ¢ Vibrator Pusher fan
¢ Compressor Oil cooler
¢ Snow blower Larger starter
Constant speed | 4P Generator Eﬁ::ifAE 4 1500 1500
use at lower Small Dee ogijl an - - - - ® / [ ] /
speed P olp 1800 1800
. GE Pusher fan
Machine
Constant speed [+ 2P Generator
standard .
. use at higher Small - - - - - - - - -
engine speed
* Mower Semi SAE 5
¢ Utility vehicle housing
MW Utility use athigh |+ Speed Medium Shallow oilpan ° _ e |s000| - _ _ _
speed sprayer HO-P
¢ Pump Oil cooler
Puller fan
¢ Tractor 1 Backplate
. . Shallow oilpan
U1 Agricultural use Medium HO-P [ - - - [ - - -
Puller fan
¢ Tractor2 Backplate
Mono-cock Cast iron oilpan
u2 Agricultural use frame Medium Ba!ancerfor4 ® |[2700| - - ® (2700 - -
cylinder
HO-P
Puller fan
Full SAE 5
housing
SA Deep oilpan O [8000| O [2800| O (38000| O |3000
HO-P flange
a | Puller fan
usee”era Utility use Medium [+ Semi SAE 5
housing
sA2 Deep oilpan O |3000| O |2800| O |3000| O |3000
HO-P flange
Oil cooler
Puller fan
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ENGINE MODEL SELECTION

Machine standard engine (NV3 to complies with EPA Tier 4, interim Tier 4)

®: Specification changeable O: Specification not changeable —: No engine model established

) - . NV3
Category Model Model category Appllc_able Parasitic I\!I?m . 4TNV98C 4TNV98CT
name machine load specification
Rated speed Rated speed
* Backhoe Semi SAE 4
Construstionuse | * Wheel loader housing
BK « SSL Heavy Deep oilpan [ 2200 [ ] 2200
at lower speed )
¢ Vibrator Puller fan
* Dozer Larger starter
¢ Crane Semi SAE 4
+ Damper housing
Construction * Carrier Deep oilpan
WL machine at » Forklift Heavy Pusher fan ® 2500 ® 2500
higher speed * Refrigerator Larger starter
* Compressor
Machine . S:,o(;/v blower R
standard Constant speed 4P Generator hjtr::in 3
engine use at lower Small 9 [ ] 1500/1800 [ ] 1500/1800
speed Deep oilpan
GE Pusher fan
Constant speed
use at higher Small - - - - -
speed
MW Utility use at high Medium _ _ _ _
speed
U1 Agricultural use [ Tractor 1 Medium - - - -
e Tractor2
u2 Agricultural use Mono-cock Medium - - - -
frame
Full SAE 4
SA housing o 2500 o 2500
Deep oilpan
General - . Puller fan
use Utility use Medium Semi SAE 4
sA2 housing o 2500 o 2500
Deep oilpan
Puller fan
2-8 TNV Application Manual VANMAR
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SPECIFICATIONS

Atmospheric conditions and the engine configuration affect the rated output of a TNV engine. TNV engines
are tested using the methods established by the International Organization for Standardization (ISO) 3046/
1. These standards state that engine output should be determined under the standard conditions
(atmospheric pressure: 100 kPa, atmospheric temperature: 25 °C, relative humidity: 30 %). If the operating
environment differs from these standard conditions. Refer to Correcting Observed Power on page 4-1.

The engine output specified in Specifications on page 3-5 shows the gross power rating without a cooling
fan. In addition, the other equipment including Diesel Particulate Filter and air cleaner assume that
YANMAR standard products are equipped. Refer to the YANMAR Option Menu for the list of standard
YANMAR components. If a TNV engine has all of these standard components installed, the engine output is
called “net brake output.” Optional equipment is available from YANMAR. If your application uses optional
equipment, please tell your YANMAR representative the fan type, pulley ratio and engine rpm range (refer to
the YANMAR Option Menu) so the engineer can determine the engine’s output (net).

Engine output is roughly classified for industrial use or generator use. The handling method varies
accordingly.

Engine output for industrial use

The engine output for industrial use is called the net rated output, which applies to the machine conforming
to the VM specifications in Engine Classification on page 2-3. Most machines conforming to VM
specifications use the maximum output requirement either intermittently or infrequently. The output applied
in this case is the rated output. The engine should be selected, or the machine size should be determined,
so the maximum output requirement in the machine operation pattern will not exceed the rated engine
output.

Some machines require the maximum output for a long period because of a fixed revolution range. In this
case, select an engine so 90 % of its rated output equals the continuous maximum output requirement of the
machine.

Engine output for generator use

Engine output for generator use applies when the engine is used to drive a generator or other applications
that require a constant speed (such as a compressor, water pump or welder). In this classification the engine
output is by the rated output (1-hour rating) and continuous rating.

The generator rated output must be selected so it is equal to or less than the continuous rated output of the
engine. The engine must also be capable of sustaining a generator overload of 10 % for one hour in every
twelve hours of operation. The corresponding capacity of the generator is called the overload. The generator
capacity should be selected so the overload is equal to or less than the 1 hour rating of the engine output.

These output relationships are illustrated below:
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SPECIFICATIONS

<Engine output> <Generator output>

Engine rated output (110 %)

A

Generator overload (110 %)

v

Continuous rating (100 %)

A

¢ Generator rated output (100 %)

No load (0 %) No load (0 %)

Though the rated output is a term common to the engine and generator, the meaning is completely different.
Use caution when selecting the engine or determining the generator capacity.

This method of determining the generator capacity is for generators used in an industrial capacity. Select the

engine according to the respective standard and specifications when generators are used for disaster
prevention or emergencies.
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SPECIFICATIONS

Specifications
DI Series

3TNV88C (complies with EPA Tier 4)

Engine model 3TNV88C
Engine classification CL |
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
8 g;eOfXCSYtEQESFS - mmnx-mm 3-88x90
4 | Displacement L 1.642
?;;23 engine min-? 2400 | 2500 | 2600 2800 | 3000
5 Cont. kW
Output rating
(gross) ?it;?t KW 218 | 228 | 237 255 | 275
6 Zﬂpae’i’;‘”m idling min-1 2550 | 2650 | 2750 2950 | 3150
Compression ratio - 19.1
Main shaft side - Flywheel side
Rotation direction - Counterclockwise (viewed from flywheel side)
10 | Injection system - Common rail system
11 | Aspiration - Natural aspiration
12 | Cooling system - Radiator type
13 | Lubricating system - Forced lubrication with trochoid pump
14 | Starting system - Electric starting
15 | Charging system - Alternator
16 | Starting aid device - Glow plug
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SPECIFICATIONS

3TNV86CT (complies with EPA Tier 4)

Engine model 3TNV86CT
Engine classification CL | VM
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
3 No. of cylinders - n- 3-86x90
Bore x stroke mm x mm
4 | Displacement L 1.568
Rated engine min-1 2500 | 2600 2800 | 3000
speed
5 Cont. KW
Output rating
ross
(gross) | Rated kW 274 | 285 31 | 324
output
g | Maximum idiing min-1 2650 | 2750 2950 | 3150
speed
Compression ratio - 19.2
Main shaft side - Flywheel side

Rotation direction -

Counterclockwise (Viewed from flywheel side)

10 | Injection system -

Common rail system

11 | Aspiration -

Exhaust turbine turbocharger

12 | Cooling system -

Radiator type

13 | Lubricating system -

Forced lubrication with trochoid pump

14 | Starting system -

Electric starting

15 | Charging system -

Alternator

16 | Starting aid device -

Glow plug
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SPECIFICATIONS

4TNV88C (complies with EPA Tier 4)

Engine model 4TNV88C
Engine classification CL | VM
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
8 g;eoicsytlriglfjrs - mmnx-mm 4-88x90
4 | Displacement L 2.189
?:‘etzg engine min-1 2200 2400 | 2500 | 2600 2800 | 3000
5 Cont. kW
Output rating
(gross) E;t;i KW 267 291 | 305 | 317 343 | 355
6 Zﬂpae’gg"”m idling min-1 2350 2550 | 2650 | 2750 2950 | 3150
Compression ratio - 19.1
Main shaft side - Flywheel side
Rotation direction - Counterclockwise (Viewed from flywheel side)
10 | Injection system - Common rail system
11 | Aspiration - Natural aspiration
12 | Cooling system - Radiator type
13 | Lubricating system - Forced lubrication with trochoid pump
14 | Starting system - Electric starting
15 | Charging system - Alternator
16 | Starting aid device - Glow plug
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SPECIFICATIONS

4TNV86CT (complies with EPA Tier 4)

Engine model 4TNV86CT
Engine classification CL VM
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
8 ggl.'eoicsytlrigsz ~ mmnx-mm 4-86x90
4 | Displacement L 2.091
SR;:::; engine min-1 1800 2400 | 2500 | 2600 2800 | 3000
5 | ouput g‘t’l';; KW (25.2)
(gross) ?tit;?jt kW (27.7) 355 | 366 | 379 41.1 44
6 2’;1’2’;””’ idling min-1 1895 2550 | 2650 | 2750 2950 | 3150
Compression ratio - 19.2
Main shaft side - Flywheel side
Rotation direction - Counterclockwise (Viewed from flywheel side)
10 | Injection system - Common rail system
11 | Aspiration - Exhaust turbine turbocharger
12 | Cooling system - Radiator type
13 | Lubricating system - Forced lubrication with trochoid pump
14 | Starting system - Electric starting
15 | Charging system - Alternator
16 | Starting aid device - Glow plug

Note: Rated output value (gross value) may be changed.
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SPECIFICATIONS

4TNV98C (complies with EPA Tier 4)

Engine model

4TNV98C

Engine classification CL VM
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
3 No. of cylinders - n- 4-98 %110
Bore x stroke mm x mm
4 | Displacement L 3.318
Rated engine min-1 1800 2000 2100 2200 2300 2400 2500
speed
5 Cont. KW (36.4)
Output rating
ross
(gross) | Rated KW (41.5) 424 443 46.2 48.1 49.9 517
output
g | Maximum idling min-1 1895 2150 2250 2350 2450 2550 2650
speed
Compression ratio - 18.3
Main shaft side - Flywheel side

Rotation direction -

Counterclockwise (Viewed from flywheel side)

10 | Injection system -

Common rail system

11 | Aspiration -

Natural aspiration

12 | Cooling system -

Radiator type

13 | Lubricating system -

Forced lubrication with trochoid pump

14 | Starting system -

Electric starting

15 | Charging system -

Alternator

16 | Starting aid device -

Glow plug

Note: Rated output value (gross value) may be changed.
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SPECIFICATIONS

4TNV98CT (complies with EPA Tier 4)

Engine model 4TNV98CT
Engine classification CL VM
1 | Type - Vertical, 4-cycle water-cooled diesel engine
2 | Combustion system - Direct injection (DI)
3 No. of cylinders - n- 4-98x 110
Bore x stroke mm x mm
4 | Displacement L 3.318
Rated engine min-1 1800 2000 2100 2200 2400 2500
speed
5 Cont. KW (46.4)
Output rating
ross
(gross) | Rated KW (51) 51.6 53.7 53.7 53.7 53.7
output
g | Maximum idiing min-1 1895 2150 2250 2350 2550 2700
speed
Compression ratio - 17.9
Main shaft side - Flywheel side

Rotation direction -

Counterclockwise (Viewed from flywheel side)

10 | Injection system -

Common rail system

11 | Aspiration -

Exhaust turbine turbocharger

12 | Cooling system -

Radiator type

13 | Lubricating system -

Forced lubrication with trochoid pump

14 | Starting system -

Electric starting

15 | Charging system -

Alternator

16 | Starting aid device -

Glow plug

Note: Rated output value (gross value) may be changed.
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CORRECTING OBSERVED POWER

Engine output basically depends on the oxygen concentration in the air, which varies with atmospheric
conditions such as atmospheric pressure, atmospheric temperature and relative humidity.

When discussing engine output, it is important to specify the atmospheric conditions. Conversely, the
maximum level of engine output at a given atmospheric pressure, atmospheric temperature and relative
humidity are also important when considering the engine application.

The output correction formula shows the relationship between atmospheric conditions and the engine
output.

Also note the applicable formula varies with the degree of difference between actual and standard
conditions. The concept and formulas are the same in the JIS and ISO.

In addition, the estimated value of output reduction which is determined by the correction formulas can be
different compared to the actual measurement value. The possible causes for this difference can be the
variables which are not included in the correction formulas, such as changes in combustion temperature or
fan loss.

Power Corrections
The following two power correction formulas are provided for selection according to the actual or specified
atmospheric conditions:

* Use the power correction formula (A) in Correction formula (A)...JIS B8003 (ISO 15550: 2002) on page 4-4
when atmospheric conditions are judged to be relatively close to standard conditions:

Standard atmospheric 125 °C, 100 kPa, 30 %

conditions

Engine intake air temperature  : 10 to 40 °C (283 to 313 K)

Dry intake air pressure :90to 110 kPa

Correction factor ¢, :0.96 to 1.06 (Refer to calculation in Obtain correction factor «,.)

» Use the power calculation formula (B) in Correction formula (B)...JIS B8002-1 (ISO 3046-1: 2002) on
page 4-7 when atmospheric conditions are much different from standard atmospheric conditions.
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CORRECTING OBSERVED POWER

Correction formula (A)...JIS B8003 (ISO 15550: 2002)

Use correction formula (A) when the actual test conditions are judged to be relatively close to the standard
atmospheric conditions.

1. Obtain atmospheric factor f,. This factor is calculated by the two formulas shown below depending on
whether a turbocharger is used.

» For a naturally aspirated engine

1= (B @)
@\ =g xpy/ N,

» Foraturbocharged engine
P, - ¢}’ X psr) 0.7(5)1.2

Ja = (py_¢yXpsy T,

Subscript “+” represents the value under standard atmospheric conditions, and *y” the value under actual

test conditions.
D, : Standard atmospheric pressure 100 kPa
o, : Relative humidity under standard atmospheric 0.30 (30 %)
conditions
T, (t,) : Intake air temperature under atmospheric standard 298 K (1. = 25 °C)
conditions
Do : Saturation vapor pressure under standard 3.170 kPa (Obtain from the table
atmospheric conditions Relationship between Atmospheric
Temperature and Saturation Vapor
Pressure on page 4-10.)
Py : Atmospheric pressure under actual test conditions kPa
o : Relative humidity under actual test conditions

y
T, (1) : Intake air temperature under actual test conditions K (°C)

Py Saturation vapor pressure under actual test conditions kPa (Obtain from the table
Relationship between Atmospheric
Temperature and Saturation Vapor
Pressure on page 4-10.)

Pay attention to the unit of each value in actual calculation.

It kPa is used for standard atmospheric pressure p,, all of p,, p, and pg, must also be expressed in kPa.
The relationship between hPa and kPa is as follows:

kPa =hPa/10

Always use absolute temperature in X for representing the intake air temperatures 7, and 7,,. The
relationship between °C on ordinary thermometers- meters and absolute temperature X is as follows:

K=273+°C
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CORRECTING OBSERVED POWER

Obtain engine factor f,,

Engine factor f,, for each engine should be calculated in a matching test for which high precision is required.
In most cases the important point is how the rated output changes under the actual test conditions. Estimate
the £, using the output and empirical average fuel consumption derived from the Engine Factor: ,, at Rated

Output of TNV Engines’ table.

Table 4-1 Engine factor: f;, at rated output of TNV engines

Rated speed (min-1)
Model For industrial use For generators
2000 2200 2400 2500 2600 2800 3000 1500 1800

3TNV88C - - - 0.410 0.416 0.471 0.516 - -
3TNV86CT - - - 0.200 0.200 0.200 0.200 - -
4TNV88C - 0.350 0.391 0.404 0.396 0.445 0.411
4TNV86CT - - 0.200 - 0.200 0.200 0.200 -
4TNVe8C 0.541 0.564 0.565 0.579 - - - -
4TNVO8CT 0.241 - 0.200 0.200 - - - -

2. Obtain correction factor «,.
@ =fo™

Proceed with the calculation if the value of ¢, satisfies the condition 0.96 < o, < 1.06.

3. Obtain the corrected output under the actual test conditions as follows:

P =P0/ (22
Py : Rated output under standard atmospheric conditions (kW)
P : Output under actual test conditions (KW)
o : Correction factor
(4
Example:

3,000 min-1.

of 40 %7

The rated output of the 4TNV88C engine under standard atmospheric conditions is 35.5 kW at

What will be the output under actual test conditions of 98 kPa (approximately 200 m), intake air
temperature of 313 K (40 °C), atmospheric temperature of 309 K (36 °C) and relative humidity

First determine the power correction formula to be applied according to Correction formula (A)...JIS B8003
(ISO 15550: 2002) on page 4-4 or Correction formula (B)...JIS B8002-1 (ISO 3046-1: 2002) on page 4-7.

Since the engine intake air temperature and dry atmospheric pressure are in the ranges of 10to 40 °C and
90 to 110 kPa, respectively, the correction formula (A) in Correction formula (A)...JIS B8003 (ISO 15550:

2002) on page 4-4 applies.

The atmospheric temperature is not taken into consideration in selecting the power correction formula to be

applied.
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CORRECTING OBSERVED POWER

Py : Standard atmospheric pressure 100 kPa

o, : Relative humidity under standard atmospheric 0.30 (30 %)
conditions

T.(t,) : Intake air temperature under standard atmospheric 298K (.= 25 °C)
conditions

Por : Saturation vapor pressure under standard 3.170 kPa (Obtain from the table
atmospheric conditions Relationship between Atmospheric

Temperature and Saturation Vapor
Pressure on page 4-10.)

Py : Atmospheric pressure under actual test conditions 98 kPa

0y : Relative humidity under actual test conditions 0.40 (40 %)

T, (1) : Intake air temperature under actual test conditions 313 K (40 °C)

Py : Saturation vapor pressure under actual test conditions 7.385 kPa (Obtain from the table

Relationship between Atmospheric
Temperature and Saturation Vapor
Pressure on page 4-10.)

1. Obtain atmospheric factor f,. Since 4TNV88C is a naturally aspirated engine,

s, - (B )
C\p = xp/ T

_ 100-0.30 x 3.170 (ﬂ)‘”
98— 0.40 x 7.385

298

99.049
95.046

x 1.0350

1.0786
2. Obtain engine factor f,,.

Itis 0.411 for 4TNV88C at 3,000 min-1 from the engine factor table.
3. Obtain correction factor «,.

a, =f,/m=1.0786041=1.0316

Since this value of ¢, satisfies the condition 0.96 < &, < 1.06 for application of the example formula, proceed
with the calculation.

4. Obtain the corrected output under the actual test conditions as follows:
P=Pyla,=355/1.0316
=34 4kW
Therefore, the output is down by 1.1 kW or approximately 3.1 % in this example.
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CORRECTING OBSERVED POWER

Correction formula (B)...JIS B8002-1 (ISO 3046-1: 2002)

Use correction formula (B) when the actual test conditions are very different from the standard atmospheric
conditions.

1. First obtain the K value expressed as follows for the cases with and without the turbocharger.
» For naturally aspirated engine

K=

Pr— ¢x Xpsx(Tr)a%
Pr= ¢r XPsr Tx

* Forturbocharged engine

0.7, \2.0
- () (7
P,/ N

Subscripts ‘¢’ and “x” represent the values under standard atmospheric conditions and actual test
conditions, respectively.

2, : Standard atmospheric pressure 100 kPa

o, : Relative humidity under standard atmospheric 0.30 (30 %)
conditions

T.(t) : Intake air temperature under standard atmospheric 298 K (¢, = 25 °C)
conditions

Par : Saturation vapor pressure under standard 3.170 kPa (Obtain from the table
atmospheric conditions Relationship between Atmospheric

Temperature and Saturation Vapor
Pressure on page 4-10.)

Py . Atmospheric pressure under actual test conditions  kPa

0, : Relative humidity under actual test conditions
T, (t) : Intake air temperature under actual test conditions K (°C)
Dix : Saturation vapor pressure under actual test kPa (Obtain from the table

conditions Relationship between Atmospheric
Temperature and Saturation Vapor
Pressure on page 4-10.)

T. (t,)  Atmospheric temperature at standard atmospheric K (°C)
conditions

T.(t,)  Atmospheric temperature at test conditions K (°C)

2. Obtain correction factor « as follows:
a =K-0.7(1-K)(1/nm-1) nm=0.8 (machine efficiency)

=K-0.175(1 -K)
3. Obtain the corrected output under the actual test conditions.
Py =a * P,
Where,
P, : Rated output under standard conditions kW
P, : Output under actual test conditions kw
a : Correction factor
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CORRECTING OBSERVED POWER

Atmospheric Pressure Calculation for Change in Altitude
P, =(3.731444 - 0.841728 x 104 x H) 5-253880 / 10...JIS W0201 (ISO 2533-1975)

Where,

Dy : Atmospheric pressure in kPa at H (m) above sea level

D, : Standard atmospheric pressure 101.3 kPa at 0 (m) above sea level
H : Altitude (m)

Atmospheric Temperature Calculation for Change in Altitude
t,=t.-0.0065 x H

Where,
3

X

: Atmospheric temperature (°C) at H (m) above sea level
L, : Atmospheric temperature (25 °C) at 0 (m) above sea level
H : Altitude (m)

Relationships among Altitude, Atmospheric Pressure and
Atmospheric Temperature

Altitude (m) Atmosph(f(;i,:)pressure Altitude (m) Atmospl'n(ig:)pressure

0 101.3 2600 73.7

100 100.1 2800 71.9

200 99.0 3000 70.1

400 96.6 3200 68.3

600 94.3 3400 66.6

800 92.1 3600 64.9

1000 89.9 3800 63.3

1200 87.7 4000 61.6

1400 85.6 [In accordance with JIS W0201]

1600 83.5

1800 81.5

2000 79.5

2200 77.5

2400 75.6
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CORRECTING OBSERVED POWER

How to Obtain Relative Humidity by Dry and Wet-bulb Thermometer

Even if the wet bulb temperature becomes lower than 0 °C, the wet bulb is not frozen

(excessive engine coolant is provided)

Relative humidity (%)

Dry Difference between dry and wet bulb temperatures
b:ICI:b 00/]05|(10(15(20|25(3.0(35(40(45(50(|55(6.0|65|7.0|75|8.0|85|9.0]|95]10.0
40 100( 97 | 94 [ 91 | 88 |85 | 82 | 80| 77 | 74| 72| 69 | 67 | 64 | 62 | 59 | 57 | 55 | 53 | 51 48
35 100( 97 | 93 [ 90 | 87 | 84 | 81 | 78 | 75 | 72 | 69 | 67 | 64 | 61 | 59 | 56 | 54 | 51 | 49 | 47 | 44
30 100 96 [ 93 [ 89 | 96 [ 83 | 79 | 76 | 73 | 70 | 67 | 64 | 61 | B8 [ 55 | 52 | 50 | 47 | 44 | 42 | 39
25 100| 96 | 92 | 88 | 84 | 81 | 77 | 74 | 70 | 67 | 63 | 60 | 57 | B3 | 50 | 47 | 44 | 41 | 38 | 35 | 33
20 100( 96 | 91 [ 87 | 83 | 78 | 74 | 70 | 66 | 62 | 59 | 55 | 51 | 48 | 44 | 40 | 37 | 34 | 30 | 27 | 24
15 100( 95 |90 [ 85 | 80 | 75| 70 | 66 | 61 | 57 | 52 | 48 | 44 | 40 | 35 | 31 | 27 | 23 | 19 | 16 | 12
10 100( 94 (88 [ 82 | 76 | 71 | 65 | 60 | 54 | 49 | 44 | 39 | 33 | 28 | 23 | 19 | 14
5 100| 93 [ 86 | 78 | 72 | 65 | 68 | 51 | 45 | 38 | 32 | 25 | 19 | 13
0 100( 91 | 82 | 73 | 64 | 56 | 47 | 39 | 31 | 22 | 14
-5 100( 88 | 77 [ 65 | 54 | 43 | 32 | 21
-10 100 84 | 69 [ 54 | 38 | 23

The wet bulb at a temperature lower than 0 °C is frozen

[In accordance with JIS Z8806]

Relative humidity (%)

Dry Difference between dry and wet bulb temperatures
b:gb 00(05(10|15|20|25|30|35|/40|45(50(55(60(65|70|75|80)|85]|9.0]|95]10.0
40 100( 97 | 94 [ 91 | 88 | 85 | 82 | 80 | 77 | 74 | 72 | 69 | 67 | 64 | 62 | 59 | 57 | 55 | 53 | 51 48
35 100 97 | 93 (90 | 87 | 84 | 81 | 78 | 75 | 72 | 69 | 67 | 64 [ 61 | B9 | 56 | 54 | 51 | 49 | 47 | 44
30 100 96 | 93 (89 | 86 (83 | 79 |76 | 73 (70 | 67 | 64 | 61 | 58 | 655 [ B2 | 50 | 47 | 44 | 42 | 39
25 100 96 | 92 [ 88 | 84 (81 | 77 | 74 | 70 [ 67 | 63 | 60 | 57 | B3 | 50 | 47 | 44 | 41 | 38 | 35 | 33
20 100( 96 | 91 [ 87 | 83 | 78 | 74 | 70 | 66 | 62 | 59 | 55 | 51 | 48 | 44 | 40 | 37 | 34 | 30 | 27 | 24
15 100( 95 | 90 [ 85 | 80 | 75| 70 | 66 | 61 | 57 | 52 | 48 | 44 | 40 | 35 | 31 | 27 | 23 | 19 | 16 | 12
10 100 94 | 88 (82 | 76 | 71 | 65 | 60 | 54 | 49 | 44 | 39 | 33 | 28 | 23 | 19 | 14
5 100 93 | 86 | 78 | 72 | 65 | 58 | 51 | 45 [ 38 | 32 | 30 | 24 | 18
0 100 91 | 82 |74 | 65 | 57 | 49| 41 | 33 | 25 | 17
-5 95 | 84 | 73 | 63 | b2 | 42 | 31 | 21
-10 91 | 76 | 62 | 48 | 35 | 21
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CORRECTING OBSERVED POWER

Relationship between Atmospheric Temperature and Saturation
Vapor Pressure

Atmospheric temperature Saturation vapor pressure Atmospheric temperature Saturation vapor pressure
K (°C) kPa K (°C) kPa
263 (-10) 0.260 295 (22) 2.645
265 (-8) 0.310 297 (24) 2.986
267 (-6) 0.369 298 (25) 3.170
269 (-4) 0.437 299 (26) 3.364
271 (-2) 0.518 301 (28) 3.783
273 (0) 0.611 303 (30) 4.247
275 (2) 0.706 305 (32) 4.760
277 (4) 0.814 307 (34) 5.125
279 (6) 0.935 309 (36) 5.948
281 (8) 1.073 311 (38) 6.633
283 (10) 1.228 313 (40) 7.385
285 (12) 1.403 315 (42) 8.210
287 (14) 1.599 317 (44) 9.112
289 (16) 1.819 319 (46) 10.100
291 (18) 2.065 321 (48) 11.178
293 (20) 2.339 323 (50) 12.353

Note: A temperature lower than 0 °C indicates saturation vapor pressure of ice.
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CORRECTING OBSERVED POWER

Corrections for High Altitudes
As described in Power Corrections on page 4-3, the output decreases at higher altitudes, and the exhaust
gas density increases.

Under the Tier 4 standard, exhaust gas emissions must be guaranteed up to a high altitudes of 5,500 ft
(1676.4 m).

To guarantee engine performance and durability at high altitudes, high altitude correction control is applied.
Regarding details on engine performance at high altitudes, please contact YANMAR.

Output Correction

Reduction of output with regard to increase and decrease of altitude is summarized below, on the basis of
actual measurement.

Altitude (m) 0 1000 2000 3000
Reduction of rated Naturally aspirated engines 0 10 20 30
output (%) Turbocharged engines 0 7 10 15

Torque Correction

The operating altitude of an engine affects the maximum torque because the excess air ratio is too low to
allow the engine to attain the rated output. The reduction of maximum torque is described below based on
the measured value.

Altitude (m) 0 1000 2000 3000
Reduction of Naturally aspirated engines 0 20 30 35
maximum torque (%) | Turbocharged engines 0 10 15 20
A [ Torque curve at altitude 0 m
—_— =
S \L\ T Torque-rise at altitude O m
2 4
= — L
Torque down \ Torque-rise at specific altitude
Torque Curi/e for specific altitude
\ ” Engine speed
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CORRECTING OBSERVED POWER

Exhaust white Smoke

White smoke generation immediately after starting the engine increases and lasts longer at higher altitudes
due to ignition delay caused by the decreased air density and temperature.

The following measures are available for these problems.
* Use of diesel fuel with higher cetane number: 52 or greater

¢ Energization of glow plug after starting

Misfire at High Altitude

If the engine is operated at high speed immediately after starting at high altitudes, a misfire is likely to occur
due to ignition delay caused by the decreased air density and outdoor temperature.

Actions similar to those against white smoke generation in Exhaust white Smoke on page 4-12 are required
in order to reduce misfire. Sufficient warming up of the engine (at least 5 minutes) at medium or lower speed
is also required.

Others

In addition to the above, the following problem can occur.

Increased heat load due to rise of exhaust temperature

Altitude (m) 0 1000 2000 3000
Rise of exhaust Naturally aspirated engines 0.0 2.0 3.0 3.0
temperature at rated i
output (%) Turbocharged engines 0.0 0.0 1.0 4.0
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ENGINE PERFORMANCE

Performance Curves

Engine performance is generally expressed with three curves: output, specific fuel consumption and torque
curves, as shown in the figure below:

T: Torque (N.m)
P: Output (kW)

TRD \ b: Specific fuel consumption (g/kWh)
n: Engine speed (min-1)
b P,: Rated output (kW)

n,: Rated speed (min-1)

T
w

K0000596-01

The engine performance curves represent the performance of an engine at rated speed », that produces
rated output P,. The output of the same engine at another speed cannot be read from these curves.
Consequently, the performance curves shown in a catalog or this manual show a rated output only at a
specific rated speed. If you need performance curves at other rated speeds, please contact YANMAR.

Each of the performance curves has the following meaning.

Output curve: P

The figure to the left shows a performance curve
of an engine set to rated speed », and rated
output P,. It shows the maximum speed is n; at
(Pw) no load.

(Py) /_,—— N
A A

.

\

1
i

(nx) (ny) Ny n;

For example, the output curve of a 4TNV88C diesel engine shows the no-load maximum speed »; of 2750
min-1 and the rated output P, of 31.7 kW when the rated speed is set to 2600 min-1.
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ENGINE PERFORMANCE

When you look at the performance curves make sure that you do not confuse the values of Rated Speed (n,)
and Rated Output (P,.) with Output (2,,) if the rated speed is set to (n,). For example, if you run a 4TNV88C
engine at a rated speed (n,) of 2400 min-1, what will be the rated output (P,) in kW? The rated output will be
29.1 kW. This is shown as the “broken line” in the performance curve. The no-load maximum speed (n,) is
2550 min-1 from the specification tables in 4TNV88C.

Refer to the catalog and/or the specifications of this manual for the rated output at various rated engine
speeds. Note that rated output at the flywheel must be reduced for fan and other auxiliary loads.

The arrows on the following output curves show the rated output of a 2P (or 4P) generator and continuous
rated output, respectively. They apply to engines used exclusively for driving generators.

Generators are often driven continuously under
Rated output load. The engine output to meet this demand is
termed the continuous rated output. The rated
output of a generator should be less than or

Py Continuous rated output equal to the continuous rated output of the
engine (P, P3". Generators frequently work

P2 under an overload condition that is 10 % greater
P35 than the continuous rated output. They must be
P, capable of sustaining this overload for one hour

out of every twelve hours. The engine output at
this overload condition is called the rated output
(Py, P3).

ny ng3

The rated engine speeds of n, and n; correspond to the generator frequencies of 50 Hz and 60 Hz. The
rated engine speed must be either fixed or adjusted to n, or n; during operation.

Consequently, the performance curves for engines designed for generator applications will be the rated
output and continuous rated output at the rated speeds n, and n; as indicated by the arrows shown in this
example.

Specific diesel fuel consumption curve: b

The specific diesel fuel consumption described
in the catalog and/or specification table
represents a specific diesel fuel consumption 5,
at a rated speed #, and rated output P,.. In the
case of a construction machine, b, may be
called the minimum specific diesel fuel
consumption.

Ny

K0000599-00X
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ENGINE PERFORMANCE

Torque Curve: T

One of the important characteristics of industrial machinery is the torque backup value expressed with the
torque curve.

The curve should be smooth with a peak in the middle. The tenacity of the engine can be expressed with this
torque backup value or torque backing ratio (torque rise) and the size of the torque range.

The greater those values, the better the tenacity of the engine. Ultimately, however, it is necessary to
determine the level of torque characteristics in a matching test of the machine. An engine driving a generator
has a smaller torque backup ratio (torque rise) than industrial machinery engines in general. This is because
a generator does not require good tenacity on the part of the engine.

The engine torque curve is shown below.

N-m
Torque down Torque back-up
Tip
® T
>
o
S Torque range
Ng Ntp Ny (min-1)
Engine Speed —- K00006060-01E
Figure 5-1
T, : Torque at low idling speed N-m
T, Maximum torque N-m
T, : Rated torque at rated output N-m
ng : Low idling speed of rotation min-1
g : Speed at maximum torque (Ttp) min-1
n, : Rated speed min-1

» Torque backup value refers to the difference between the maximum torque and the torque at rated output.

| orque backup = Maximum torque (7},) — torque at rated output (7,)

. . 7,,-T,
Torque backup ratio (torque rise) = ‘PT " x 100 (%)
r

» Torque down value refers to the difference between the maximum and minimum torque values.
lorque down =T, - Ty
Ty
Torque down ratio =—= x 100 (%)
ip

» Torque range refers to the difference (n,. - ntp) between the speed (ntp) at maximum torque (Ttp) and the
rated speed (n,),
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ENGINE PERFORMANCE

Partial Recovery Ratio

Partial recovery ratio refers, for example, to the recovery of output expressed as a percentage to the
maximum output curve at 80 % of the rated speed, when an engine set to a rated speed and rated output is

loaded from 80 % of maximum no-load speed (Figure 5-2).

The 80 % referred to above is a definition and does not have any practical significance, but if this
characteristic is low, it may cause engine to stall when coupled with a machine that requires a wide range of

engine speeds. (Figure 5-2, dashed line.)

The common rail engines that comply with Tier 4 have a partial recovery rate of 100 % because they have
an electronic control governor, but the user must check the characteristics after installing it in the machine.

80% 100%

Maximum output curve

0T
[GMES

Shaft output

Rated output

iz
Rotational speed

ng nj n

N

Figure 5-2 Partial recovery ratio curve

: Rated engine speed

n}"

n; : No-load maximum speed
ng :n.x08

n; 1 n;x0.8

Partial recovery ratio :IIZL x 100 (%)
4
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ENGINE PERFORMANCE

Governor Performance...JIS B8002-4

100% load No load 100% load
tn,da tn,in
ndmax
=
i 4
n, - Vf"
=
BN
n, 25

KOGGO602-01E

Figure 5-3

n
dmax Transient engine speeds under varying loads
g min
n, Rated speed
n, No-load speed

B, Steady-state governed speed band (range of speed variation in steady state An expressed
as a percentage of the rated speed. The width of variation expressed in min-1 s called the
speed variation.)

Recovery time (time for steady-state governed speed band from the start of speed
variation to the setting to the steady state in transient state, or the time after departure from
band vto entry to band v.)

Speed droop (deviation in speed after setting governor to rated output and rated speed
until transition to no load, expressed by the ratio (%) to the rated speed. Also referred to
as permanent speed change ratio in some cases.)

t

nin:

t

n,de

on

sty

n;,.-n
g .= ——= x 100 (%)
, n,
Instantaneous speed difference (ratio (%) of maximum speed change to rated speed when
the load is suddenly varied while the engine is running in the governed state. Also referred
to as transient speed difference in some cases.)”

on aﬂ/n

*1 When 100 % load is removed momentarily (in a naturally aspirated engine and turbo-charged
engine)

g max = Ny

'y = n x 100 (%)

*2  When a load is input momentarily (naturally aspirated engine)

N min = Wi r

&_dyn n
.

x 100 (%)
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ENGINE PERFORMANCE

Governor performance of TNV series engines

Engines that comply with Tier 4 (common rail type engine)

Constant Variable
speed speed
specification | specification
DI
CL VM
Inst+antane_ous speed difference (transient speed difference) ratio % <810 10 <12
(& dyny n dyn)
Permanent speed difference (steady state difference) ratio (o, ,) % <1 <4to06
Recovery time (t,, 4 , ;i) sec. <6
min-? <15 <22

Speed variation (An)
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COLD STARTING AIDS

TNV series engines are equipped with cold starting aids.

If an optional block heater is applied, the engine can be started even at very low temperature.
For use of cold starting aids by ambient temperature. Refer to Low-temperature Startability on page 1-7.

This section describes the cold starting aids.

Refer to Electronic Control System on page 14-1 for control circuits.

Glow Plug

The glow plug is an electrically heated coil that is installed in the combustion chamber. The glow plug is
heated by an electric current from the battery before starting the engine. The combustion chamber is heated

by the red-hot glow plug for easier starting.
A glow plug is installed for each cylinder.

Applicable model

3TNV88C, 4TNV88C, 3TNV86CT,
4TNV86CT, 4TNV98C, 4TNVI8CT

Nominal voltage V 12

Type name Standard glow plug
Part code 129008-77800
Standard preheating time Sec 15

Rated capacity V/A 11/7.0
Identification color Black

Glow plug structure

Terminal nut (M4)

ID color : Red

| Assembly (M10)

1 ——Glow section

037252-00E00Q

Figure 6-1
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COLD STARTING AIDS

Engine Block Heater

An optional engine block heater may be installed on the cylinder block using the special screw mount
provided with the unit. The engine block heater uses an AC power supply instead of a battery.

The engine block heater heats the engine coolant in the cylinder block jacket. It indirectly heats the engine
oil, which lowers the viscosity of the oil to reduce drag torque. It also heats the cylinder head combustion
chamber to make diesel fuel ignition easier and improve cold startability.

Connect the engine block heater to the AC power supply several hours prior to starting the engine
depending on the ambient temperature condition and the engine size.

The engine block heater is quite effective in starting engines in cold weather (below -20 °C) for a machine
with a large drag torque.

Engine block heaters are standard equipment on engines used for disaster prevention or for those mounted
on emergency generators to ensure starting in case of an emergency. If the engine block heater is
permanently connected to the power supply when the ambient temperature is high, the engine coolant may
reach the boiling point or the heater life may be shortened.

Since alternating current is supplied at various voltages, the engine block heater can be set to meet the
requirements of various voltages. The following table indicates parts frequently used for industrial engines:

Part name Part code Remarks
171015-77900 Rated capacity: 115 V AC/400 W
Block heater -
129908-77900 Rated capacity: 200 V AC/200 W
Connecting code 171015-77910 Approx. 300 mm long

_ NOTICE

* Never connect the engine block heater to the power supply without engine coolant - the engine block
heater will overheat.

¢ Never use the engine block heater at ordinary temperature as the engine coolant will boil and the engine
block heater will overheat.

¢ When the engine starts, turn the commercial power supply off and disconnect the cord from the engine.
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COLD STARTING AIDS

Block heater configuration

Part code : 171015-77900

Figure 6-2

(111) 455 0
2 34.5 9.5 (65)
1.5 8 17 (48)
35| 135 ¢
)
o
©e
y o
NRCIR=) %
3 5| % &
A &
N
22
32
Position of 0
gauge plane 10.162
6 12
ey
14 79
037172-00E00
Figure 6-3
Block heater connection diagram
I‘i /-\“[ ST Block heater
[ e — .
'J ‘L; i~ Connecting code /\
( C= ==2| ()
l_.._..r\..! AC commercial power supply

KO000615E

Figure 6-4
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AIR INTAKE SYSTEM

The amount of air supplied to the combustion chamber in the intake stroke of the engine is directly related to
the combustion performance of the engine. The amount of air greatly affects basic engine performance such
as engine output, specific diesel fuel consumption, exhaust system and engine service life. You must take
these factors into consideration when you select the air intake system for your application.

Air Capacity Required for Combustion

Theoretically, the minimum amount of air required for complete combustion of approximately 1 kg of diesel
fuel is approximately 14.6 kg (about 12.5 m3/standard atmospheric condition). This is not enough air,
however, to ensure complete combustion. The ratio of extra air needed to the theoretical minimum amount
of air for complete combustion is called the excess air ratio. In the case of a diesel engine, the excess air
ratio at full load is 1.5 to 2.0. That means the engine requires 1.5 to 2.0 times the theoretical minimum
amount of air for complete combustion. It is not true, however, that the greater the excess air ratio, the
better. Excess air ratio is calculated to ensure optimal engine performance under near full load conditions
(actual output is close to the rated output of the engine). For a smaller load, less diesel fuel is injected which
increases the excess air ratio. This also causes a drop in combustion temperature and problems in the
exhaust system. Therefore you should avoid low-load operation for an extended period of time.

Calculation of the Air Capacity
There are two types of air capacity, the air flow actually needed for combustion and the apparent intake air
flow for checking air cleaner capacity. Different calculation formulas are used accordingly.

Air capacity required for combustion

There are a number of ways to determine the air capacity necessary for diesel fuel combustion. The
simplest calculation method is based on engine displacement as follows:

Q1=nyxVgxNxCx 103

Where,

0, : Required air capacity m3/min

n : Volumetric efficiency:
Naturally aspirated engine 0.851t0 0.9
Turbocharged engine 1.3

Vs : Engine displacement L

N : Speed of engine min-1

C : Constant, 4-cycle engine: 1/2
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AIR INTAKE SYSTEM

Volumetric efficiency ;- differs slightly depending on the range of engine speeds encountered during actual

use but 7;- can assumed to be constant when you calculate air capacity. If #;-is 0.9 for the naturally
aspirated engine, 1.3 for the turbocharged engine, and the engine speed N is a variable, then required air
capacity for combustion in the respective engines is given by the following calculation formula:

N: Engine speed (min-1)

How many cubic meters of air capacity will be required per minute for burning diesel fuel in a
3TNV8S8C diesel engine at 23.7 kW/2600 min-1?

No. Engine model Engine displacement: (L) Required air cap(an:;t/nignl)for combustion:
1 3TNV88C 1.642 7.39 x 104 x N

2 4TNV88C 2.190 9.85x 104 x N

3 3TNV86CT 1.568 1.02 x 1083 x N

4 4TNV86CT 2.091 1.36 x 108 x N

5 4TNVe8C 3.319 1.49 x 108 x N

6 4TNVO8CT 3.319 216 x 103 x N

Example:

From the above table, the calculation formula for the air capacity required for burning diesel fuel in the
3TNV88C diesel engine is

0, =7.39 x 10N

The required air capacity can be obtained by substituting N with 2600 min-1.

7-4

Q; =7.39x104x 2600

= 1.92 (m3/min)
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AIR INTAKE SYSTEM

Apparent air capacity

Apparent air capacity should be determined when selecting air cleaner capacity. The air capacity that is
calculated using the formula in Calculation of the Air Capacity on page 7-3, Air capacity required for
combustion, is called the mean air capacity. Since air flows into the engine once every two revolutions,
considerable air flow pulsation is created. As the number of cylinders in the engine decreases, the amount of
pulsation increases. To reduce the amount of air flow pulsation, it is necessary to increase the capacity of
the air cleaner so it is slightly larger than the mean air capacity. This increase is called apparent air capacity.

Use the following formula to calculate the apparent air capacity. This formula applies to both naturally
aspirated engines and turbocharged engines.

0,=0;xK
Where,
0, : Apparent air capacity m3/min
0; : Required air capacity for combustion m3/min
K : Coefficient depending on the number of cylinders
: 3 cylinders 1.7
: 4 cylinders 1.0

Air cleaner selection method

Air cleaner performance curve and apparent air capacity should be determined when selecting air cleaner
capacity. Use the method in the following figure. Output setting is at YANMAR standard air intake negative
pressure for TNV engines. As the air intake negative pressure increases, the engine output is reduced,
select the air cleaner with appropriate size.

Intake Negative Pressure

Figure 7-1 Air cleaner performance curve
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AIR INTAKE SYSTEM

Air Cleaner Selection Table

The intake air capacity of an engine is approximately proportional to the engine speed. YANMAR uses the
following table when selecting the air cleaner for TNV engines. We may recommend an air cleaner that is
one size larger depending on the intended use of the machine and its service environment.

Air cleaner

Single element

Engine

CL

VM

min-1

1500 | 1800 | 2000 | 2100

2200 | 2300 | 2400 | 2500 | 2600 | 2700 | 2800 | 3000

3TNV88C

5inch

3TNV86CT

5 inch

4TNV88C

5 inch

6 inch

4TNV86CT

7 inch

4TNV98C

7 inch

4TNVO8CT

7 inch

Air cleaner

Double element

Engine

CL

VM

min-1

1500 | 1800 | 2000 | 2100

2200 | 2300 | 2400 | 2500 | 2600 | 2700

2800 | 3000

3TNV88C

5inch

6 inch

3TNV8eCT

6 inch

4TNV88C

5 inch |

6 inch

4TNV8eCT

7 inch

4TNV98C

7 inch

4TNVO8CT

7 inch

Refer to the YANMAR TNV Option Menu for details.
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AIR INTAKE SYSTEM

Air Cleaner

In the preceding subsection, the air capacity required for combustion was calculated. The purpose of the
calculation was mainly to determine the air capacity for assuring the engine output performance.

For the engine to operate at full capacity, the intake air capacity should be sufficient, and the air has to be
clean. Dust in the intake air has an adverse effect on the life of the main moving parts such as the piston,
piston ring, cylinder block and the intake/exhaust valves. The air cleaner removes dust in before it gets into
the engine. The air cleaner used for TNV series engine is called a cyclone paper element type and the
element is a paper filter.

The air cleaner size is expressed by measuring its diameter in inches. Four types of air cleaners, 5, 6, 7, and
8 inches, are used for TNV series engines. Air cleaners of various configurations with different air intake/
exhaust port positions are available for various machines and mounting positions.

Refer to the YANMAR TNV Option Menu for details.

Although air cleaners are essential for general-purpose engines, if the application calls for indoor,
emergency use purposes, and the engine will only run for short periods of time, no cleaner is generally
provided. The chance that dust will degrade the life of the engine in these applications is minimal. In these
types of applications, the air inlet must be covered with metal wire mesh or equivalent material.

Dust Removing Principle of the Air Cleaner
Dust is removed from the air as follows:

Air is sucked in the direction of the tangent from the air inlet (1) on the air cleaner body close to the
circumference and is forced to swirl along the guides (vanes) on the inside of the main body. Larger particles
of dust are separated by centrifugal force. The outer element (2) removes more than 99.9 % of dust and
allows the clean air to enter the engine from the air cleaner outlet (3).

Contarminated air Contarminated air  Ajr cleaner body

$ Outer element $ 2)Outer element
‘ Cover

(section) (1)

N |
= NW\_

Separated dusts

Element filters
Evacuator valve Separated dusts

Figure 7-2
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AIR INTAKE SYSTEM

Structure of Air Cleaner

Types of air cleaner element

Two types of air cleaner are available as described below, depending not only on their size but also on the
structure of the element inside the air cleaner:

* Single element type
* Double element (safety element) type

A double element type air cleaner has the inner element installed. This inner element is intended to prevent
dust or foreign matters from entering inside the engine when the outer element is removed for cleaning and/
or replacing the element. A double element type air cleaner is necessary to be applied especially when the
engine is installed on machines which handle particulates (sands, cement, volcanic ashes, etc.) which will
significantly accelerate the wear inside the engine, or when the engine is used in a dusty environment.
However, please note that the capacity as an air cleaner and the maintenance period of a double element
are the same as those of a single element which is the same size.

Precautions for air cleaners:
¢ Be sure to perform periodic maintenance/replacement for both element types.

¢ For the double element type, do not remove the inner element during a normal maintenance.
(check the inner element if the dust indicator actuates soon after the outer element is replaced.)

¢ Also for the single element type, be careful not to allow the entrance of dust or foreign matters inside the
engine during the maintenance.

¢ |n general, the inner element can be installed even on a single element type air cleaner if the element is of
the same manufacturer and the same size. (consult with manufacturer for more information.)

(DAir cleaner body
@0Outer element  @Cover

@®Evacuator valve

Figure 7-3 Structure of single element type

DAIr cleaner body
@0uter element ®Cover
®lnner element

Figure 7-4 Structure of double element type
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AIR INTAKE SYSTEM

Dust Indicator
A dust indicator is mounted on the air outlet of the air cleaner to indicate the degree of air restriction and is

available in a mechanical or electric type. Both types actuate when the intake air flow restriction reaches
6.23 kPa. When the mechanical type of dust indicator actuates, a “red band” appears inside of the
indicator’s body. The mechanical indicator has a latching feature and reset button. When the electric type of
dust indicator actuates, an indicator lamp or LED comes on.

Mechanical dust indicator Electric dust indicator

/
: J
X [
Figure 7-5
Reset button . Reset button
Filter ™ Fier
™~ Shaft ray Retainer
\ Retainer ™ Bellows
R\ Bellows \J\
T\ngnal Shaft
Spring [ Signal
[ ~Spring

Figure 7-6 Mechanical dust indicator: Part code: 126650-12680
JIS-D5403-104(CB)

JIS-D5403-104(CA)

Micro switch Black
Upper
chamber
Adaptor
ol O
Lower chamber —"| ol >
[ap]
Spring T_r
928.7_ [™\1/8-27NPSC

1/8-27TNPSC
Contact capacity:

1A/12 VDC, 24 V a contact

Figure 7-7 Electric dust Indicator: Part code: 119140-12680
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AIR INTAKE SYSTEM

Air Cleaner Installation

Maintenance of the air cleaner greatly affects engine service life. The air cleaner should be installed in a
position that facilitates maintenance. Since the air cleaner requires space for element replacement, air
cleaner layout must be considered carefully when designing a machine.

In addition, when installing an air cleaner on the engine body, select the bracket rigidity to keep vibration
acceleration within 55 m/sec? [RMS] (low pass filter is set for 1 kHz) for an air cleaner made of resin. Make
sure the air cleaner is installed to avoid resonance with the engine vibration isolators after the unit is
installed on the machine. Check vibration and durability after the engine is installed. If vibration acceleration
exceeds the target value, consider changing the position of the air cleaner.

Install the air cleaner body where the ambient air temperature is 80 °C (176 °F) or below.

Air Intake System Hose Routing

Carefully plan the location of the air cleaner and routing of the air intake hoses when you design a TNV
engine application. Prevent vibration of the air intake hose and avoid contact with other components. If the
intake air temperature is high according to Cooling performance and heat resistance evaluation on

page 12-13, reconsider the air intake position. Make sure that no water, snow or dust can enter from the
intake port.
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AIR INTAKE SYSTEM

Intake port position

Good Position Bad Position

Radiator hot air after radiator\

Air cleaner /—1‘{ \
[ =

| jkl./ooid air
..

inlet

Baffle plate

Radiator grille e Ar flow

\

|

Figure 7-8
Inlet (a) of air hose should be lower than air cleaner inlet port (b) to keep water out of air cleaner canister.

(Example 1)
Bad/ "~..

Air cleaner
b)

Air hose

[ Intake manifold

Figure 7-9
Select air intake hose materials that meet or exceed the following characteristics.
Naturally aspirated engine Turbocharged engine
Heat resistance 120 °C or higher Turbocharged engine: 120 °C or above
Pressure | Negative 13 kPa or higher 29 kPa or higher
resistance | pressure (air cleaner to air intake manifold) | (air cleaner to turbocharger)
Positive - 196 kPa or higher
pressure (turbocharger to air intake manifold)
Materials Ethylenepropylene rubber (EPDM) | Ethylenepropylene rubber (EPDM)
(Air cleaner - blow-by gas circulation position)
Qil resistant rubber (Ex. NBR + CSM coating)
(Blow-by gas circulation position - turbocharger)

 NOTICE

Do not use vinyl hose. It may be deformed under heat or intake negative pressure or become hard and
brittle at low temperature.
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AIR INTAKE SYSTEM
Air Intake Throttle

Role and operation of air intake throttle

Air intake throttle is a device that controls the air volume of the engine intake. It is generally used in gasoline
engine. For TNV engines, air intake throttle is used for bumning the soot accumulated inside the DPF.

The figure below shows the schematic diagram of air intake throttle. Air intake throttle is driven by DC motor
and the appropriate opening is indicated by the E-ECU (Electronic Engine Control Unit, refer to Electronic
Control Manual) depending on engine speed or load conditions. Accordingly, the engine intakes the
minimum required air volume and the exhaust temperature increases to burn the soot accumulated inside
the DPF.

Throttle valve
(Butterfly valve) Shaft Spring Sensor cover

[
o/

O

Air intake throttle DC Motor Connector

037279 -00E00

Figure 7-10
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AIR INTAKE SYSTEM

Air Intake Restriction

Factors that contribute to the increase or decrease of air intake restriction include the following:
(a) Engine intake air capacity

(b) Air cleaner capacity
(c) Length and diameter of the air intake hoses
(d) Number of air intake hose bends and the angles they are bent at

If these factors cause the air intake restriction to increase, it is impossible to obtain the necessary air
capacity for proper combustion. This adversely affects engine combustion performance. If air intake
restriction exceeds the allowable value, increased diesel fuel consumption, increased engine exhaust
temperature, decreased engine output, increased emissions, and shorter engine life could result.

Reduction of air intake restriction requires proper engine and air intake system design. It is necessary to
conduct a negative pressure test after installing the parts and components of the air intake system. If the test
results exceed the allowable value, check factors (b), (c) or (d) listed previously to determine the cause.

Measurement of air intake restriction
Refer to Installation Test Procedures on page 12-1 for the measurement of the air intake resistance.

Allowable air intake restriction

As output setting is at YANMAR standard air intake negative pressure for TNV engines, the air intake
negative pressure increases, the engine output is reduced. If the output is significantly reduced due to the
increase in the air intake negative pressure, it is required to review the intake system prior to starting the
machine production.

Allowable resistance increases along with the operating time of air cleaner. Apply the initial upper limit value
to the development stage of the machine and the upper limit for air cleaner replacement to the maintenance
check stage.
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AIR INTAKE SYSTEM
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* In this material “DPF” means a filter designed to remove diesel particulate matter or soot from the exhaust
gas of a diesel engine.
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EXHAUST SYSTEM

The purpose of an engine exhaust system is to release high temperature gases generated during fuel
combustion to the air and to reduce exhaust noise using a muffler. The engine exhaust system has been
playing important roles by adding functions such as EGR equipment for decreasing exhaust emissions/black
smoke, DPF, or turbocharger equipment to improve engine performance and to provide high altitude
capability. Components of the exhaust system, including the exhaust pipes and mufflers, produce resistance
(exhaust back pressure) to the flow of exhaust gas. Excessive resistance can adversely affect engine
performance including increase of fuel consumption, reduction of engine output, and worsened exhaust gas
emissions/smoke density.

This section describes the considerations about the structures, functions, and applications of these major
equipments, and the importance of exhaust back pressure which affects the engine performance together
with the major equipments.

The surfaces of components in exhaust system become extremely hot, and the engine can be very
dangerous especially after operation and immediately after shutdown. Be sure to check the heat shielding
design and safety of the machine, and give instructions to the users.

In-use testing requirements

In order to meet future EPA requirements, Yanmar may request the equipment owner’s cooperation for in-
use testing. In addition, Yanmar may ask the equipment manufacturer’s support to modify the original
exhaust piping if necessary to satisfy the requirements in 40 CFR 1039.205(u).

For equipment that does not allow installation of an extension pipe, a connection must be designed into the
exhaust system for temporary attachment of exhaust sampling equipment. An example of an approved
connection would be internally threaded with standard pipe threads of a size not larger than one-half inch,
and shall be closed by a pipe-plug when not in use.
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EXHAUST SYSTEM

EGR Equipment
Role and Operation of EGR

EGR (Exhaust Gas Recirculation) is a technology which has been widely used for automotive diesel
engines. EGR lowers the combustion temperature and reduces NOx which is a composition subject to
emission control regulations by introducing a part of exhaust gas into the intake air. By applying this EGR
technology, we can now comply with emission control regulations in each country, including the emission
control regulation Tier4 of the Environmental Protection Agency (EPA).

The figure below shows the schematic diagram of EGR equipment. There is an appropriate value for the
circulating exhaust gas volume (referred as EGR rate below), and it is controlled by the EGR valve which is
installed between the intake and exhaust flow. EGR valves are driven by DC brushless motors and they
adjust the EGR rate according to the appropriate opening indicated by the E-ECU (Electronic Engine Control
Unit, refer to Electronic Control Manual) depending on engine speed or load conditions.

EGR valve

EGR pipe EGR cooler 037447 -00ES00

Figure 8-1
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EXHAUST SYSTEM

Structure of Each Device

EGR valve

Speed and load Magnet
Exhaust

EGR valve ﬁ

Recycle gas

Intake

Stator
Motor shaft

Return spring
(for fail safe,
apply load to the
direction of open
valve.)

027271-00E00
037281-00E00

Figure 8-2

EGR operation principle

Employ the EGR valve of DC brushless motor type. The roter (magnet) rotates or holds the same position by
energizing the coil with electric current to excite the stator core. The rotating motion is converted to the
reciprocating motion by a shaft which is coupled with the rotor, and the shaft presses a rod to open or close
the valve.

Definition of EGR rate

The EGR rate which represents the percentage of the EGR gas in the total gas introduced into the cylinder
can be defined by the formula below:

EGR rat CO, concentration in mixture gas at cylinder inlet - CO, concentration in atmosphere
rate =

CO, concentration in exhaust gas - CO, concentration in atmosphere

Flow of EGR gas 037453-00E01

Figure 8-3
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EXHAUST SYSTEM

EGR cooler

The EGR cooler is a technology to lower the combustion temperature and greatly reduce NOx. By using the
EGR cooler, the EGR gas is cooled with cooling water before going to the intake side and the cooled EGR
gas is mixed with the intake air to lower the intake air temperature leading to even lower combustion
temperature, and the NOXx is greatly reduced. The heat load of the lead valve located in the downstream can
also be reduced to lower the EGR gas temperature and the durability of the EGR valve can be maintained.

When installing the EGR cooler, be careful not to trap air in the EGR cooler and cooling water pipes.

Lead valve

With turbocharged engines, the charging pressure can be higher than the exhaust pressure in the middle
speed range, and it may cause the EGR gas to flow back into the exhaust side without flowing into the intake
side although the EGR valve is open. Because It will become difficult to reduce NOx in such cases, the lead
valve is installed in the downstream of the EGR valve to improve reduction of NOx. The lead valve functions
as check valve and the EGR gas can be introduced into the cylinder with the air flow pulsation even in the
area where the intake/exhaust pressure reverses.As a result, the NOx can be reduced.

Flow of EGR gas\

Stopper

Valve i

037454-00E00

Figure 8-4

As you can see, the EGR is an effective system to reduce NOx. However, if you fail to follow the correct
usage as well as the proper maintenance, the adequate engine performance cannot be obtained and the
exhaust gas emission will also be worsened.
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EXHAUST SYSTEM

Turbocharger

Engines achieve the most efficient combustion at a certain air-fuel ratio. Although the amount of fuel
injection can be increased, the amount of air that can be introduced into the cylinder is limited.

The turbocharger improves the output performance of the engine by compressing the intake air with a
compressor. Exhaust gas from the engine is used to drive a gas turbine which in turn drives the compressor.
Turbocharged engines are developed by matching the following criteria: the desired output performance,
thermal load and durability.

The turbocharger is a precision unit that is operated in high temperature gas, rotating at a rate as high as
approximately 150,000 min-1. Continuous use of the unit for a long time with excellent performance requires
proper handling.

Structure of turbocharger

Engine oil iniet port

Turbine housing
~

Compressor housing

Air

Exhaust gas -

Compressor impeller

Axial-flow turbine ) Compressed air
Combustion gas

Engine oil outlet port Bearing

Figure 8-5

Handling the turbocharger

 Like naturally aspirated engines, turbocharged engines require idling operation for five minutes or more,
especially when starting in cold weather (0 °C) or below).
When an engine is loaded immediately after cold starting, engine oil viscosity is still high which may
damage the bearing due to insufficient turbocharger lubrication.
The engine should also run at idle for a sufficient period of time before stopping the engine. Stopping the
engine immediately after loaded operation can lead to damage to the bearing because the lubricant supply
stops, causing the component temperature to rise abnormally.

» Engine oil is used as the turbocharger lubricant. For the grade of the lubricant to be used, refer to
Selection of Engine Qil on page 11-5.

* Replace engine oil every 250 hours.

* When discharging exhaust gas from the turbocharger directly to the outside, a waste gate valve, located
inside the exhaust outlet flange, protrudes from the flange surface during each stroke as shown (Figure 8-
6). Provide enough space around the waste gate valve to prevent interference.
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EXHAUST SYSTEM

Waste gate valve A

Waste gate
actuator

Exhaust outlet flange Exhaust inlet flange
Figure 8-6
Applicable model Protrusion (A) Required space
3TNV86CT 4.5 mm 8.0 mm
zg“xggg$ 8.5 mm 12.0 mm

* Do not support the weight of the exhaust system components with the outlet flange. The turbine housing
may break or become deformed and cause internal damage.

¢ When you connect the air hose to the turbocharger, do not apply too much torque to the connection.
Excess torque may damage the compressor housing, resulting in internal damage.

» Select an air hose with the proper rigidity and length so that will not become deformed at a negative
pressure of 300 kPa (at 80 °C). A deformed hose can cause the turbocharger to overload and damage
internal turbocharger components.

¢ Allowable vibration of turbocharger

Engine oil inlet : Allowable acceleration...5.0 G

Note: Check when evaluating the installation.
if the allowable vibration limit is exceeded,
it is necessary to change the flexible
engine mount.

Figure 8-7

¢ Running the turbocharger at high speed can cause high frequency rotation noise and fluid noise.
The noise occurs out of phase with the engine noise especially during acceleration or deceleration.
Consider sound insulation when designing the machine application.
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EXHAUST SYSTEM

* Remove the turbocharger from the engine to perform maintenance. Be sure to keep the unit horizontal
when you remove it from the engine (Figure 8-8).
Holding the unit vertically can cause engine oil to leak into the compressor housing or turbine housing,
leading to abnormal operation after reassembly.

Do not place unit like this. Place unit like this.
Figure 8-8

* Be sure to follow the procedures in the TNV Service Manual when you remove the turbocharger from the
engine.

Exhaust Back Pressure
Factors contributing to the increase or decrease of exhaust back pressure (exhaust resistance) include the
following:

* Exhaust gas quantity

» Capacity and specifications of the DPF

» Capacity and specifications of the DPF silencer

* Length and diameter of exhaust pipe

* Number of bends of exhaust pipe and the angles at which they are bent
Using the above items as factors, the back pressure can be calculated at the design stage of the machine.
Refer to Exhaust Gas Volume and Exhaust Back Pressure on page 8-16 for the calculation method. The
calculation formula is for general application and discrete engine characteristics are not considered. The
back pressure should be confirmed during the machine prototyping phase using the test equipment
described in this section. This section describes how to measure the back pressure of the machine exhaust

system and provides references to the allowable exhaust back pressure value. If the calculation or actual
test results exceed the allowable value, the above items must be reconsidered.

Allowable exhaust back pressure

If the measured exhaust back pressure exceeds the allowable exhaust back pressure, review the exhaust
system before putting the machine into production. Refer to Allowable Air Intake Restriction and Exhaust
Back Pressures on page 1-14 for the value of allowable exhaust back pressure.

The allowable exhaust back pressure value consists of an initial upper limit value and a upper limit value.
The initial upper limit value should be used during the design stage of the machine. The upper limit value
should be used during periodic maintenance procedures.
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EXHAUST SYSTEM
DPF System
Role of the DPF System

The diesel particulate filter (DPF) system is implemented in automobile diesel engines. It uses a soot filter
(SF) to collect particulate matter (PM) from the exhaust gas and safely processes it. Application of the DPF
system complies with the Tier 4 emission standards set by United States Environmental Protection Agency
and the emission standards set by other countries.

Structure of All Devices

DPF

Structure of the DPF

The DPF consists of the diesel oxidation catalyst (DOC), the soot filter (SF), and the DPF case. The DPF
case includes the DOC and SF and leads the exhaust gas into them.

DOC Ceramic carrier with catalyst coating

SF Ceramic The exhaust gas is passed through the ceramic wall by alternately closing the channels. The PM
is collected while passing through the wall.

Stainless steel The DOC is divided into the DOC case and the silencer room. (Some specifications have
DPF case |an outlet flange only.) Each part is bolt-tightened to the body flanges. Do not use the DPF case after you
drop it. The ceramic DOC and SF are fragile and can break.

Mat Ceramic fiber The mat holds the ceramic DOC and SF in the metal case.

Exhaust temperature  Differential pressure
sensor port sensor port

Gas fl

Heat insulating —
material

V\/

Body flange

045894-00ENOO

Figure 8-9 DPF cross section

Function of the DPF

The function of the DPF is to break down harmful substances in the DOC and to collect particulate matter in
the SF, thus preventing the release of contaminants into the atmosphere. Particulate matter that
accumulates in the SF of the DPF causes it to clog, reducing engine performance. Therefore it is necessary
to burn off the accumulated PM. There are 3 incineration methods: continuous regeneration, intermittent
regeneration and additive regeneration. YANMAR engines use a continuous regeneration method, which
allows the collection and at the same time incineration of particulate matter inside the DPF while continuing
engine operation.
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EXHAUST SYSTEM

Standard DPF installation location

We recommend the YANMAR standard engine installation for the DPF installation location. But if the
installation of the implement demands that the DPF is installed on the vehicle side or a non-standard
location, consult a YANMAR representative.

Standard DPF installation layout setting

Installation Exhaust manifold top outlet | Exhaust manifold top outlet

location fan side flywheel side Flywheel top installation

055262 -00X00

055360-00X00

055361-00X00C

3TNV88C v v v
4TNV88C v 4 v
4TNVesC v No setting v
3TNV86eCT 4 No setting 4
4TNV86CT v No setting v
4TNV98CT 4 No setting 4
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EXHAUST SYSTEM

DPF size

Check the below table for the standard DPF size of all engine models.

sota{BBdnelndntone

044190-00X00 L

055363-00X00

With silencer Without silencer

Figure 8-10

Table 8-1 DPF size list

Engine | DPF installation Engine speed (min-1)
location 2000 | 2100 | 2200 | 2300 | 2400 | 2500 | 2600 | 2700 | 2800 | 2900 | 3000
Top .Of exhaust 2170 x L474 mm with silencer
3TNV88C manifold -
Top of flywheel 2170 x L467 mm with silencer
Top .Of exhaust 2170 x L426 mm without silencer
3TNV86CT | manifold _
Top of flywheel 2170 x L426 mm without silencer
Top .Of exhaust 2170 x L474 mm with silencer 2170 x L510 mm with silencer
ATNV8S8C manifold
Top of flywheel 2170 x L467 mm with silencer 2170 x L510 mm with silencer
Top .Of exhaust 2200 x L439 mm without silencer
ATNV86CT | manifold _
Top of flywheel 2200 x L439 mm without silencer
Top .Of exhaust 2200 x L520 mm with silencer
ATNV98C manifold -
Top of flywheel 2200 x L523 mm with silencer
Top .Of exhaust 2200 x L511 mm without silencer
4TNV98CT | manifold -
Top of flywheel 2200 x L439 mm without silencer
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EXHAUST SYSTEM

Sensor

DPF exhaust temperature sensor

For the sensor’s shape, refer to Diesel Particulate Filter (DPF) Inside/Inlet and Exhaust Temperature
Sensors on page 14-127.

The DPF exhaust temperature sensors are directly fastened to the sensor ports (one in the front and one in
the back of the DOC) installed in the DPF periphery.

DPF differential pressure sensor

For the sensor’s shape, refer to Diesel Particulate Filter (DPF) Differential Pressure Sensor on page 14-128.

The DPF differential pressure sensor is installed through the stay in the DPF flange and connected with the
steel pipe attached to the DPF and the rubber tube.

Precautions when Considering Installation on the Implement

If the exhaust temperature is low, the PM cannot be burnt efficiently and PM clogging
becomes a problem. Therefore, we recommend the installation of the DPF at a location near
the engine (standard layout). If the DPF is installed at a location different from the standard
location, a separate exhaust temperature evaluation must be performed. Please consult the
YANMAR representative.

If the DPF is exposed to wind when traveling, attach a wind screen. Also, when you turn the

Exhaust temperature
decreasing rate

DPF installation key to OFF, the cooling system stops and the ambient temperature increases. If thermal
environment insulation is required, consider an installation that does not leave the heat trapped.

In addition, the DPF should not be exposed to rain water.
Be careful about The DPF outlet exhaust gas temperature may reach 600 °C. The exhaust temperature from

exhaust temperature the tail pipe can become higher than the engine itself. Be careful.

The surface temperature of some parts of the DPF becomes high, so check it during the
installation evaluation. If necessary, take measures to prevent burn injuries and fires.

The ash contained in the PM composition (mostly from metallic components in the additives
to the lubricating oil) is collected in the SF but cannot be incinerated. Therefore, while the
amount of exhaust is very small, it can adversely affect engine performance in the long term.
Ash accumulation For that reason, it is required to periodically remove the SF from the DPF and remove the
ash. When considering the vehicle installation, also consider the removal of the SF case from
the DPF body for periodical maintenance and ash removal. For the SF case draft, refer to
the table below.

Surface temperature

<] N =y
gih .
SF CMP | DOC CMP
O
g
<l

044160-00E00

Figure 8-11
. 4TNV88C 4TNV88C
Engine | 3TNV88C (< 2500 min-1) 3TNV86CT (> 2600 min-) 4TNV98C | 4TNV86CT | 4TNV98CT

L = 77 (Mounted on top of
SF draft _ _ the flywheel)
(mm) L=66 L=77 L = 57 (Mounted on top of

the exhaust manifold)
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EXHAUST SYSTEM

Precautions for Use (Precautions for Users)

8-14

FRE 408 Communication made in Settlement and Compromise.

Fuel: Use light oil with a sulfur content (mass) of 15 ppm or less (ultra-low sulfur) for DPF engines. If you
use other than the specified fuel, the sulfur will rapidly deteriorate the catalyst performance inside the
DOC. When the regeneration performance of the DPF is inhibited and more particulate matter
accumulates, the drop of engine output and the frequent switches to regeneration mode increase fuel
costs and worsen the engine condition.

Lubricating oil: Use a low-ash oil as lubricating oil. If you use a different lubricating oil than specified, a
large amount of ash is vented through the exhaust, and the DPF will clog quickly. This will not only cause
the engine output to decrease and fuel costs to increase, but will also make frequent maintenance of the
SF necessary.

Precautions when performing the stationary regeneration

Ventilate well. If avoidable, do not perform the stationary regeneration in a closed place such as a storage
shed.

Regeneration causes the temperature around the tail pipe to increase. Make sure that there are no
flammable materials or people nearby.

If your engine is equipped with DPF cleaning alarm, clean the DPF when the alarm lamp comes on.

If your engine is not equipped with DPF cleaning alarm, clean the DPF every 3000 hrs of operation.

As the DPF is subject to emission regulations, disassembly by the user is prohibited. If a repair is required,
consult a specialized service shop.

Refer to the service manual for maintenance methods and intervals regarding ash removal.

The smell of the exhaust gas from the DPF is different from that of a conventional engine. This is not a
defect.

White smoke may come out of the tail pipe during starting. This is water vapor and not problematic.
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EXHAUST SYSTEM

Exhaust Muffler

If you attach a silencer after DPF, do a matching so that the exhaust back pressure is within limits.
The purpose of the exhaust muffler is to reduce noise from the exhaust.

The structure and appearance of exhaust mufflers may vary, but in general they fall into three types:
expansion, resonance and absorption. The following is a description of how each type of muffler attenuates
exhaust system noise:

Expansion type — -
Guides the exhaust gas to the muffler to be expanded l |

and diffused, thus attenuating the noise energy.

Resonance type

Divides the silencing chamber into several cells with
the shielding plates and attenuates the sound by
resonance with the combination of cells.

=
L

¥

Absorption type

Absorbs the sound with material such as glass wool
on the outside of the exhaust tube with multiple holes.
This is also called a non-resistance type.

Figure 8-12

Mufflers with structures based on the principle of sound attenuation are frequently used on fixed engine
installations, such as generators. Industrial engine applications generally use a complex structure that
effectively combines all three muffler types.
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EXHAUST SYSTEM

Fitting Precautions for Exhaust System

Fitting the exhaust system requires a careful examination from a performance viewpoint and safety aspect.
Also consider expansion of the system components due to heat. Carefully check the installation for the
following points to prevent fire and personal injury.

Use a flexible connection pipe.
Install the exhaust muffler out of reach of people.

Routing of exhaust system components

Safety is very important when designing the routing of exhaust system components. Route the exhaust
system so parts and components of the fuel system, lubrication system and electrical system are not in
direct contact with, or near the exhaust system. Make sure your design includes shield plates or heat
insulating material to protect against personal injury from contact with hot areas. Also consider the
expansion of components due to heat.

Provide a small hole (or drain plug) at the lowest position of the exhaust pipes to provide a place to drain
rainwater and condensation.

Consider the position and direction of the exhaust gas discharge from the tail pipe to prevent the heated
exhaust gases from mixing with the cool air flowing through radiator or combustion air intake. This will cause
the engine to overheat and allow carbon particles to be deposited on the radiator core or air filter element,
leading to rapid clogging. If the engine compartment temperature rises excessively, insulate the exhaust
system with the appropriate heat absorbing material. Refer to Installation Test Procedures on page 12-1to
decide if this is necessary.

Exhaust Gas Volume and Exhaust Back Pressure

It is necessary to calculate the back pressure when you design the exhaust pipe system. Consider the
length, diameter and bends of the exhaust pipe to maintain initial exhaust back pressure at the target level
or less.

Exhaust Gas Volume

Combustion gas volume

First obtain the volume of combustion gas when diesel fuel reacts with the oxygen in the air to become a
gaseous body of 1 atm at 273 K (0 °C).

* Naturally aspirated engine

Vy=21.53 xb x P, x 10-3/3600 m3/sec

* Normal turbocharged engine

V,;=23.76 x b x P, x 10-3/3600 m3/sec

Where,

V; : Gombustion gas volume m3/sec (273 K (0 °C), 1 atm)
b : Specific fuel consumption g/kWh

P, : Engine output kW
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EXHAUST SYSTEM

Exhaust gas volume

Heat is generated with chemical change, so the gas expanded by the exhaust temperature is the exhaust
gas volume.

V= de% = de% mj/(sec)

Where,

vV : Exhaust gas volume m3/sec

V4 : Combustion gas volume m3/sec (273 K (0 °C), 1 atm)
T, : Exhaust gas temperature (K = 273 + 1) K

t : Exhaust gas temperature °C
Note:

» Exhaust gas volume V, which is the biggest factor in the calculation of exhaust back pressure, is an
expanded volume of the combustion gas volume V ;under the exhaust gas temperaturet °C. Since 'V,
in the equation of item (1) above is calculated larger than the actual volume, the exhaust gas volume
V becomes greater than the actual volume.

» To obtain the exhaust gas volume V in the back pressure calculation of general-purpose machines,
use Q; (V,=0,;) as described in Calculation of the Air Capacity on page 7-3 for a more realistic result.
Exhaust back pressure
* Specific weight of exhaust gas

273 P

7= 10K P,

Where,
4 : Specific weight of exhaust gas kg/m?
7 : Specific weight of exhaust gas (273 K (0 °C), 1 atm)  1.29 kg/m?2
K : Exhaust gas temperature (K = 273 + 1) K
t : Exhaust gas temperature °C
P, : Standard atmospheric pressure
P, : Atmospheric pressure at the service location
PPy 1=1
¢ Exhaust gas speed
V= I_/: 4xV
a o.d
Where,
v : Exhaust gas speed m/sec
vV . Exhaust gas volume m3/sec
a : Section area of exhaust pipe (refer to Materials for m?2
Calculating Exhaust Back Pressure on page 8-19)
d : Inside diameter of exhaust pipe (refer to Materials for m

Calculating Exhaust Back Pressure on page 8-19)
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EXHAUST SYSTEM

Pipe line resistance

Pipe line resistance is calculated by adding the straight pipe resistance, pipe joint resistance, muffler
resistance and pipe-end discharge resistance.

Refer to Materials for Calculating Exhaust Back Pressure on page 8-19 for a summary of the coefficients
and data to be used for calculation.

* Straight pipe resistance: 4P;
2

AP, = 2,u><7xdv x Lx103 kPa

* Pipe joint resistance: 4P,

2
AP, = 2,u><yxdv x(dxAxn)x1073 kPa

Where,
m : Pipe friction coefficient (refer to Materials for
Calculating Exhaust Back Pressure on page 8-19)
g : Specific weight of exhaust gas kg/m3
v : Exhaust gas speed m/sec
d . Inside diameter of exhaust pipe (refer to Materials for m
Calculating Exhaust Back Pressure on page 8-19)
L : Total length of straight portion of exhaust pipe m
A : Resistance-equivalent length of joint (refer to Materials m
for Calculating Exhaust Back Pressure on page 8-19)
n : Number of joints

* Muffler resistance: AP;

(Examples)
Expansion type silencer : 0.588 kPa
Non-resistance type silencer : 0.196 kPa

* Pipe-end discharge resistance: AP,
0.392 kPa
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EXHAUST SYSTEM

Total Back Pressure of Exhaust System: P

P:AP1+AP2+AP3+AP4

kPa

If the total back pressure of the exhaust system exceeds the initial allowable exhaust back pressure
described in Allowable Air Intake Restriction and Exhaust Back Pressures on page 1-14, re-examine the
length of exhaust pipe, the number of joints, and the inside diameter of the exhaust pipe and calculate the

total back pressure again.

Materials for Calculating Exhaust Back Pressure

Relationship between pipe friction coefficient ; of exhaust gas and inside diameter d of the

exhaust pipe

Nominal size d (m) a (m2) 7 Nominal Size d (m) a (m2) 7
SGP 25A 27.6 x 103 0.598 x 10-3 0.01242 SGP 80A 80.7 x 103 5.115x 103 0.00594
SGP 40A 416 x 1038 1.359 x 103 0.00999 SGP 100A 105.3 x 103 8.709 x 103 0.00513
SGP 50A 52.9 x 10-3 2198 x 103 0.00756 SGP 125A 130.8 x 103 13.44 x 10-3 0.00464
SGP 65A 67.9 x 103 3.621 x 103 0.00675 SGP 150A 155.2 x 103 18.92 x 103 0.00432

Note: SGP: Carbon steel pipe for ordinary piping
Resistance-equivalent length of joints A
Joints SGP nominal size A (m) Joints SGP nominal size A (m)

90° elbow 10A to 65A 30 90° bend R/d=3to 5 1010 20

90° elbow 80A to 150A 40 Long elbow 25A to 80A 15to0 20

90° elbow 175A to 200A 50 45° elbow 25A to 80A 1510 20
Note: R: Radius of bending
Consult the person in charge about the DPF exhaust back pressure.
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COOLING SYSTEM

Out of the heat generated by combustion of the diesel fuel, 30 to 40 % can be taken out as power. Some 25
to 30 % is carried away by the engine coolant and 30 to 35 % is released as loss into the open air by
exhaust or heat radiation. The comparison of the generated heat and the breakdown of the diesel fuel
consumption is called the heat balance. It varies with the presence or absence of a turbocharger and the
combustion system. The figure below shows an example of heat balance for a naturally aspirated engine.

Fuel energy
Indicated work Heat loss
Mechanical
loss and Cooling Exhaust—+

radiation loss loss

loss

Exhaust loss

Heat value carried
away by engine oil

Heat value carried
away by coolant
Radiation

Mechanical driving
Friction in engine body

Pump work

Figure 9-1

In a turbocharged engine, part of the heat that would be released exhaust gas, is recovered by the gas
turbine that drives the compressor.

As seen from the figure above, cooling and exhaust account for a great portion of the loss. Reduction of
these losses is important in improving the thermal efficiency.
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COOLING SYSTEM

Cooling System Diagram

Figure 9-2 shows the diagram of a DI engine.

| EGR Cooler

| Y

i
Cylinder head Thermostat ﬁ

r

Cylinder block

1]

Reserve
tank

Bypass

Coolant
pump

Radiator

L. O. Cooler
(option)

0371123-00ECC

Figure 9-2

Figure 9-2 shows the cooling system diagram for the TNV series engines. The engine coolant goes through
the radiator and is fed by the engine coolant pump into the engine coolant jacket to cool the inside of the
engine, the cylinder outer walls and cylinder head. It then returns to the radiator via the thermostat. When
the hot engine coolant goes through the radiator its heat is dissipated with the help of the cool air that the
cooling fan draws or pushes through the radiator.

Engine Coolant

The heat generated by combustion process radiates to neighboring engine components. If the cooling
system is inadequate, the cylinder head, combustion chamber, pistons and exhaust valves overheat and
their materials lose strength, leading to component failures and shorter engine service life.

Inadequate cooling also causes the engine oil to degrade prematurely which reduces its lubrication
efficiency. This may result in abnormal component wear and seizure.

If the engine coolant temperature is too low, the engine’s thermal efficiency is lowered, causing poor
combustion. This may also cause cylinder bores to rust or corrode. Corrosion results from reaction between
carbon monoxide and sulfur dioxide generated in the combustion process and the water which condenses
out of the exhaust gases.

Characteristics of water

- NOTICE

The following discussion does not imply that plain water can be used as an engine coolant. It is for
illustrative purposes only. Always use an engine coolant that is specified by YANMAR.

Without any measures to increase its boiling point or reduce its freezing point, water boils at 100 °C (212 °F)
and freezes at 0 °C (32 °F). To expand its temperature range, the following measures are taken:

¢ To increase boiling point of water, the cooling system is pressurized. A radiator cap helps to maintain the
cooling system pressure. For example, if the cooling system pressure is 0.9 kg/cm?2, the boiling point can
be raised to approximately 118 °C (244 °F).
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COOLING SYSTEM

* To lower the freezing point, anti-freeze, also called Long Life Coolant “LLC”, is used. The specific freezing
point depends on the concentration of anti-freeze used.

» Note: Plain water is not suitable as an engine coolant. Pure water leaves deposits and rust that have very
low thermal conductivity. This results in the lack of cooling performance and causes damage to internal
engine components.

A YANMAR standard engine coolant switch is activated at 110 + 3 °C (230 + 3 °F) as an overheat alarm.
Therefore the engine coolant needs to be within the specified limits under all working conditions.

Water quality needed to prepare engine coolant

Table 9-1 Recommended water quality standards and major troubles from poor water quality

Recommended - Major trouble
No. ltem Description -
value Corrosion Scale

Expresses hydrogen ion concentration in an aqueous solu-
tion. Used as the measure of neutrality (pH = 7), acidity (pH

1 pH 63~85 < 7) or alkalinity (pH > 7). v v
25 °C (77 °F) ' ' Acidity increases corrosion and alkalinity increases scale
generation. Generally, pH of natural water is between 6 and
8.
. Indicates micro-mho per cm.
Electrical High electrical conductivity means a high content of electro-
2 conductivity < 0.04 S/m 9 y 9 v v

lytic ions and solids in the water, which increase corrosion
and scale generation.

Indicates the quantity of Caions and Mg ions in the water by
Total hardness . . .
3 < 100 ppm the corresponding calcium carbonate in ppm. - v

25 °C (77 °F)

(CaCOs) High total hardness increases scale generation.
Indicates whole alkaline content in the form of hydroxides,
M alkalinity carbonates_ and bicarbonates by the corresponding calcium
4 (MaCO,) < 150 ppm carbonate in ppm. - v
3 High M alkalinity means dissolution of alkaline content,
which increases scale generation.
Chlorine ion In.dicates ghlo.rine ion conFent. .
High chlorine ion content increases corrosiveness.
5 content < 100 ppm : . 4 -
Cl-) The water sqpply of Japan contains approximately 10 to 40
ppm of chlorine ions.
Sulfate ion In.dicates the. sulfate ion content in water. .
6 content < 100 ppm High gulfate ion c.ontent causes copper corrosion. v v
(SO42) If Caion content is also high, CaSQOy, is generated by the
4 reaction with Ca2+, which increases scale generation.
. Indicates the iron content.
Total iron

7 (Fe) < 1.0 ppm When 0.3 ppm is exceeded, coloring by precipitation occurs. v v
High iron content causes scale generation.

Silica Indicates Silicon Dioxide content.
8 (SI0,) <50 ppm Hard scale is generated by combination with Ca and M2. - v
2 This is not a serious problem if the water hardness is low.

Quantity of non-soluble substances obtained by
evaporation.

Evaporation

9 residue < 400 ppm Large amounts of suspended solids increase electrical con- B v
ductivity, which increases corrosion.

10 Nitrate ion <5 ppm v

11 | Ammonium ion < 0.05 ppm v

12 | Sulfurion (82) <1 ppm v

Note: *Use soft water instead of hard water. Water softness or hardness is determined by the amount of Ca (calcium) ion and Mg
(magnesium) ion in the water.
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COOLING SYSTEM

Required engine coolant characteristics

A mixture of LLC and water is commonly used as an engine coolant. The most commonly used LLC is made
of Ethylene Glycol.

Engine coolant concentrate must provide adequate corrosion protection, lower the freezing point, and raise
the boiling temperature of the engine coolant.

Table 9-2 Boiling point and freezing point (example)

vol % Freezing point Boiling point
Anti-freeze °C (°F) °C (°F)
40 -24 (-11) 106 (223)
50 -37 (-35) 108 (226)
60 -52 (-62) 111 (232)

Note: Boiling point can be raised if the cooling system is pressurized. A radiator pressure cap helps to
maintain system pressure. Commercially available premixed LLC and water is recommended to
ensure good water quality.
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COOLING SYSTEM

Typical properties of LLC (YANMAR standard)

1 Density 20 °C (68 °F), g/cm?3 (undiluted): 1.136

2 Boiling point, °C (°F), (undiluted): 171 (340)

3 Flash point, °C (°F), (undiluted): -

4 Foaming characteristics, ml, (30 %, solution): 0

5 Water, wt%, (undiluted): -

6 Freezing point, °C (°F) (50 vol %, solution): -37.1 (-34.8)

(30 vol %, solution): -

7 Reserve Alkalinity (undiluted): 8.2

8 pH (30 vol %, solution): 7.8

9 Corrosion, mg/cm?2 (20 vol % solution, 88 °C (190 °F) x 336 hrs)
Aluminum: -0.02
Iron: -0.10
Steel: 0.00
Brass: -0.03
Solder: -0.05
Copper: 0.00

If YANMAR standard LLC is not available, YANMAR recommends using a LLC that conforms to the
following specifications.

» JIS K-2234 (Japanese Industrial Standard)

* SAE J814 (Engine Coolants)

» SAE J1034 (Automotive and Light Truck Engine Coolant Concentrate)
» ASTM D3306 (Specification for Ethylene Glycol Base Engine Coolant)

» Always add LLC to soft water. It is important to use LLC in cold weather.
Without LLC,
Cooling performance will decrease due to scale and rust in the engine coolant system.
Engine coolant may freeze and expand approximately 9% in volume. This may cause serious damage in
the cooling system or engine.

» Be sure to use the proper amount of coolant concentrate specified by the LLC manufacturer depending on
the ambient temperature. LLC concentration should be 30 % as a minimum and 60 % as a maximum (by
volume).

» Never mix different brands of LLC, otherwise harmful sludge may form.
» Replace the coolant once a year.
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COOLING SYSTEM

Radiator

A diesel engine needs to be cooled to appropriate temperature levels to avoid damage to the cylinders,
cylinder head, pistons and engine oil. The radiator helps to dissipate heat created by the combustion

process.

Example of the Structure of a Radiator Made from Aluminum

Overflow pipe

Inlet pipe

Fan shroud
(resin)

Bottom tank
(resin)

9-8

FRE 408 Communication made in Settlement and Compromise.

Radiator cap

Upper tank
(resin)

Core
fin (aluminum)

Rubber mount

Drain plug

Figure 9-3
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COOLING SYSTEM

Radiator Selection
The following flow chart shows the procedure for radiator selection. This is a basic flow. For details, consult

the radiator manufacturer.

Flow-chart for radiator selection

Required specifications

Selection of core type
(see tgbke 1)

A4

A
Louver fin

|—l v

Selection of core type

v

Considerations:

(1) Radiation area

(2) Core size

(3) Core performance

Square fin

Selection of radiation area,
core size and fin pitch

v
Selection of basic radiator configuration

v

good

Cooling f_an Selection of fan shroud size
type and size

3

Determination of Radiator

037114 -00EQ0

Figure 9-4
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COOLING SYSTEM

Louver fin Square fin

Corrugated fin figure

KOOCCES6E

Radiator Position

The relative position of the radiator and fan greatly influences its cooling efficiency. If the radiator is too close
to the fan, the area near the fan shaft is not cooled sufficiently. If the radiator is too far from the fan, the air
does not reach the radiator core. The air flow of the pusher fan and suction fan is different. If the radiator has
a fan shroud, there must be at least 25 mm between the core surface and fan.

Refer to (Figure 9-5) for the relative position of the fan and shroud. The figure shown here is a general
example. To obtain the best heat balance, determine the final position of the radiator and fan with the engine
mounted on the machine.

Pusher fan
Radiator
<&
-~ | | cOre
g,
Airflow 1T 1010 25mm
= or more
<~.— .
Fan shroud
Figure 9-5
Symbol Meaning Description
*A Clearance at end of fan blade Aperture (between end of fan blade and shroud: 10 to 15 mm
Fan lap width Lap at 1/3 or more of projected fan blade width (W)
Shroud ring width Approx. 1/2 of projected fan blade width (W)

B
Cc
W Projected width of fan blade
D Fan diameter

d Fan boss dia.

*

Approximately 10 mm for stationary equipment and 15 mm for mobile equipment
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COOLING SYSTEM

Puller fan
Radiator
e
=3 | | COre
Py o
Aiflow 15 10 28
- or more
~
Fan shroud
Figure 9-6
Symbol Meaning Description
A Clearance at end of fan blade Aperture (between end of fan blade and shroud: 10 to 15 mm
B Fan lap width Lap at 2/3 or more of projected fan blade width (W)
Cc Shroud ring width Approx. 1/2 of projected fan blade width (W)
w Projected width of fan blade
D Fan diameter
d Fan boss dia.

Approximately 10 mm for stationary equipment and 15 mm for mobile equipment
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COOLING SYSTEM

Radiator Standard Capacity

The hourly heat release rate (kcal’/h or kW) is used to measure the radiator capacity for YANMAR engines.
However, this is not the absolute value but the rate under specified test conditions. When a particular
radiator is mounted on an engine, fan shape, fan speed, coolant flow rate and/or ambient temperature may
be different from test conditions so the heat release may deviate from that specified on the drawing. The
radiator heat release shown here indicates the relative radiator capacity.

The table below shows the capacity of standard radiators YANMAR uses with TNV engine applications. The
optimum radiator should be selected by referring to the instructions in Installation Test Procedures on
page 12-1 since the radiator selected using this table is not always appropriate.

Note: The specified test conditions for the values in the following table are 8 m/sec air flow, 40 L/min
water flow, 50 °C (12 2°F) temperature difference between water and air.

Table 9-3 Nominal heat rejection rate unit: kW

Specification CL VM
min-1 1500 | 1800 | 2000 | 2100 | 2200 | 2300 | 2400 | 2500 | 2600 | 2700 | 2800 | 3000
3TNV88C 28.6
3TNV86CT . = ] 35.7
4ATNV88C 43.6
ATNV86CT 60.3

4TNV98C - 60.3

4TNVO8CT 60.3

Model
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COOLING SYSTEM

Precautions for Installation

To avoid possible failure of the radiator core, it is important to protect the radiator from excessive vibration
and/or shock loading. If the radiator is directly installed on an engine mount, the vibration of the engine is
transmitted to the radiator. It is necessary to provide vibration dampening for the radiator mount. Vibration
acceleration must be 59 m/s2 (6 G) or less.

Installation example of an aluminum radiator with resin tank

To take advantage of the resin tank, the right and left brackets that secure it are eliminated. Instead, the tank
is designed to be installed directly on the engine frame using a rubber mount. The lower rubber mount
accommodates various assembling methods and absorbs the thermal expansion of the component.

Mounting A
Machine frame
/
Radiator
Engine
Machine frame - e
Mounting B
Machine frame Bottom tank
# Rubber mount \ /

\ // Rubber mount

aBolt

Detail of Mounting A Detail of Mounting B

Machine frame

Figure 9-7

Notes on installation:

» Upper rubber mount: Be sure that the upper rubber mount does not resonate with vibration in the up-down
direction (bouncing) and vibration in the rolling direction.

* |t is recommended that the radiator support member be made of a highly rigid material. The radiator is not
a strong member and is easily affected by body deformity. The periphery of the radiator should be rigid to
protect the component.
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COOLING SYSTEM

Prevent hot air from mixing with cool air in machine applications that have an engine compartment by
providing a duct or baffle plate for the radiator. Examples are shown (Figure 9-8).

Radiator
‘ - !
1 Air flow
Air flow i
e ~T
Radiator Hot air
Hot air

Baffle plate Duct from grille /

around radiator ¢ case of puller fan to radiator front

i cASE Of pusher fan

Figure 9-8

Other precautions:

* Make sure the square area of the “cool air inlet” in the engine compartment that provides cool air flow for
the radiator is at least 20 % larger than the surface area of the front of the radiator.

« |Install an engine coolant recovery tank for the radiator. As the engine coolant temperature rises, increased
pressure in the radiator forces engine coolant through the overflow hose into the engine coolant recovery
tank. When the engine coolant temperature drops, the radiator pressure decreases and the coolant moves
from the recovery tank back into the radiator. This provides a reserve supply of engine coolant and makes
the process of checking the engine coolant level simpler. For calculation of the engine coolant recovery
tank capacity. Refer to Cooling System Recovery Tank on page 9-21.

¢ Never paint the radiator core.
¢ Design the cooling system so the fan belt can be tensioned and replaced easily.
* Prevent wear of the engine coolant hoses by making sure they do not contact other engine components.
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COOLING SYSTEM

Cooling System Hoses

Rubber Hose Conditions

The rubber hose used in the cooling system must comply with heat resistance and pressure resistance
conditions specified by YANMAR. The hose should be double layered with an internal support or spring to
avoid being deformed from vacuum pressure. An improper type of rubber hose may burst under the cooling
system pressure or be deformed by the vacuum created when the engine coolant temperature changes from
hot to cold. These situations can obstruct the flow of engine coolant.

Table 9-4 Rubber hose material conditions recommended by YANMAR

Type Double layer with internal support or spring

Thickness 5 mm (The minimum allowable hose thickness is 3.5 mm.)
Pressure resistance 196 kPa or more

Heat resistance 393 K (120 °C) or more

Tensile strength 8820 kPa or more

Elongation 30 % or more

Hardness Hs70 +5

Material EPDM (ethylene propylene diene rubber)

Precautions for Cooling System Hoses

The cooling system hoses (including drain hose) should not protrude from the machine. They should be
protected to prevent damage from external obstacles. Prevent the coolant system hoses from coming in
contact with other engine components.

Cylinder block Radiator

L—

hﬁ\Three—way drain valve

Figure 9-9

Provide a means to drain engine coolant from the radiator and engine. The example shown (Figure 9-9)
uses a three-way drain valve to drain both the radiator and engine at the same time. If the engine is mounted
on a vehicle, provide a shield to protect the drain hose from being damaged by external objects.
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COOLING SYSTEM

When a cooling system hose is used to connect the engine coolant outlet to the radiator, arrange the hose
so it doesn’t have any convex bends. A convex bend will trap air in the hose and restrict the flow of engine
coolant. This results in poor cooling system performance and causes the engine to overheat.

Air trap

Radiator

Figure 9-10
Always install an engine coolant temperature indicator. Refer to Engine Coolant Temperature Sensor on
page 9-20.
Hose Clamps

Make sure the hose clamps have no sharp edges that will damage cooling system hoses and cause loss of
engine coolant.

Good example :
Fasten a clamp or clip at the flat portion of the connector to avoid leakage.

Band clamp Clip

Bad examples :
Don't fasten at the bulge portion.

637117-00E00

Figure 9-11
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COOLING SYSTEM

Supplying Engine Coolant

Engine coolant has to completely fill the engine block and all cooling system components or the engine will
overheat.

Engine coolant supplying recommendations:

 After engine coolant is poured into the radiator, run the engine for a short period of time to remove air from
the cooling system.

¢ The engine coolant level should be just below the engine coolant filler port on the radiator. If necessary, fill
it again. Run engine long enough to open thermostat. Check that the radiator top is hot.

» Repeat these processes until the engine coolant level stays just below the engine coolant filler port.

Note: The amount of engine coolant added to the cooling system during production of the machine
should be based on data obtained during design and prototype testing.
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COOLING SYSTEM

Thermostat

The thermostat provides automatic control of the engine coolant temperature and is generally installed in the
cooling system line between the cylinder head and upper radiator tank. The purpose of the thermostat is to
prevent engine coolant from circulating into the radiator until the engine coolant temperature reaches a
preset temperature. This allows the engine to warm-up more quickly. When the engine reaches operating
temperature, the thermostat valve starts to open to let the engine coolant to flow into the radiator. The TNV
series engine uses a wax pellet type of thermostat. The performance of this thermostat is shown in the table
below. When engine coolant is used to supply heat to warm the interior of the machine, use a thermostat
that opens at a higher temperature. The shape is identical for each type.

Standard (For heater) option
3TNV86CT 3TNV86CT
il 4TNV9SC (T) I e 4TNVOSC (T)
4TNV88C 4TNV88C
Part code 129155-49800 121850-49810 129574-49800 121850-49800
Thermostat type Wax pellet type

Valve opening

71°C+£1.5°C (160 °F £ 1.5 °F)

82°C+15°C (180 °F £1.5°F)

temperature

Full opening 85 °C (185 °F) 95 °C (203 °F)
temperature

Maximum lift 8 mm or more

Flange diameter D 244 mm | 254 mm 244 mm 254 mm
ID color Blue Brown None
Type B B

D
Fa)
B type
Figure 9-12
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COOLING SYSTEM

Operation of Thermostat and Flow of Coolant

Under cold conditions

To Cylinder block [ 27 - To Cylinder block

Engine coolant does not go into the radiator when the thermostat is closed.

Figure 9-13

Under warm conditions

To Radiator To Radiator

Thermostat

Coolant pump

=

From Radiator

From Cylinder head

To Cylinder block To Cylinder block

607002-00E

Figure 9-14
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COOLING SYSTEM

Engine Coolant Temperature Sensor

An engine coolant temperature sensor is installed as standard equipment to be used for engine control.
Refer to Roles of a water temperature sensor on page 14-12 for details.

Engine Coolant Temperature Switch

An abnormal increase in engine coolant temperature may cause serious engine damage. An engine coolant
temperature switch is installed as optional setting to sense abnormal coolant temperature and ensure safe
operation of the engine. Alert the operator or shut down the engine when the coolant temperature rises over
the specified temperature. Contact YANMAR representative for more details.

Table 9-5 Coolant temperature switch specified for radiator installed in TNV series engine

All models of TNV series
YANMAR code No. 121250-44901
Operating temperature of coolant ON 110 £ 3 (230 + 3)
temperature switch °C (°F) OFF 100 (212) or below
Contact point capacity 12V DC — 3.4 W or below
ID color Gray
54.25
8.75 10 21.5 14 21
A
| < I O
S| w
. )
N\
M16 CA104
Figure 9-15
Example of wiring diagram
® ® [
Key switch Alarm lamp Coolant
ON (or buzzer) temperature switch

make (a) contact

Figure 9-16
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COOLING SYSTEM

NOTICE

The engine coolant temperature switch should be located below the upper tank of the radiator because the
switch does not operate reliably unless immersed in coolant.

Top tank

Radiator

/

N ™~ Coolant
temperature switch

Coolant pump

Engine
=

N Cooling fan

Bottom tank

Figure 9-17

Cooling System Recovery Tank

The cooling system is a closed circuit, but small amounts of engine coolant are lost through the radiator cap
while the engine is operated.

It is necessary to check and replenish engine coolant periodically. The cooling system recovery tank is
designed to extend the interval between engine coolant level checks.

Radiator cap structure

Besides serving as the lid for the engine coolant filler port, the radiator cap has a pressure valve to maintain
high cooling system pressure and a vacuum relief valve to prevent the cooling system from becoming
damaged from a negative pressure.

Radiator cap
Outer lid

|
=

Pressure valve

Negative pressure valve

Figure 9-18
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COOLING SYSTEM

The pressure valve opens outward when the pressure in the radiator exceeds 88 kPa (0.9 kg/cm?2). It keeps
the coolant under high pressure to prevent it from boiling and protects the radiator from being damaged by
too much pressure.

The negative pressure valve opens inward and protects the cooling system from being crushed when engine
coolant cools down and the pressure inside the radiator becomes negative at 4.9 kPa (0.05 kg/cm?2) or less.

Function of cooling system recovery tank

When engine coolant temperature increases it expands which causes the cooling system pressure to
increase. When the cooling system pressure reaches 88 kPa (0.9 kg/cm?2) or more the pressure valve in the
radiator cap opens and engine coolant flows through the overflow hose and into the engine coolant recovery
tank. If the engine is operated frequently, the engine coolant in the radiator gradually decreases and must be
replenished. Engine coolant stored in the engine coolant recovery tank is used to replenish the engine
coolant in the radiator.

Radiator cap When the engine is running, the expanding coolant

1 Overflow pipe gradually opens the pressure valve in the radiator cap
Pressure valve e and flows into the engine coolant recovery tank
\@ Airvent  through the overflow hose.

f The flow of engine coolant stops when the
temperature of the engine coolant stops rising.
Expanded cooling water

(Radiator)

(engine coolant
recovery tank)

Warmed up state (in operation)

When the engine is shut off, the engine coolant
temperature rises temporarily then gradually drops.
Radiator cap Overflow b As the engine coolant temperature drops it contracts
Negative I Ver:zv pipe inside of the radiator which causes the cooling
pressure valve { system pressure to drop. The pressure inside of the
N oz radiator ultimately goes negative relative to the
ambient pressure.

When this negative pressure exceeds 4.9 kPa (0.05
kg/cm?2), the negative pressure valve in the radiator
* cap opens to allow the engine coolant in the engine
(Subtank) coolant recovery tank to be sucked back into the

(engine coolant radiator.
recovery tank)

Cold state (standstill)

Air vent

Condensed engine coolant
(Radiator)

Figure 9-19

It is not possible to prevent engine coolant from evaporating through the air vent hole. Sooner or later the
engine coolant decreases and needs to be replenished. Engines with engine coolant recovery tanks should
be replenished from the engine coolant recovery tank. However, the initial fill of engine coolant should be
supplied to both the radiator and the engine coolant recovery tank.
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COOLING SYSTEM

Selection of engine coolant recovery tank capacity

4.5 % of the total coolant quantity Vo flows into the engine coolant recovery tank and then is sucked back
into the radiator.

To determine the engine coolant recovery tank capacity, select an engine coolant recovery tank that meets
the following conditions: the effective quantity obtained by subtracting the LOW line on the engine coolant
recovery tank scale from the FULL line is greater than the inflow quantity qq to the engine coolant recovery
tank, and that the excess quantity (allowance) obtained by subtracting the quantity of the FULL line from the
total quantity in the engine coolant recovery tank is also greater than the inflow quantity gg to the engine
coolant recovery tank.

In practice, if the effective quantity is greater than the
inflow quantity g5 to the engine coolant recovery tank,
no problem should occur. If the excess quantity
(allowance) is small, part of the coolant may overflow
from the engine coolant recovery tank in the early stage
of operation. This may require cleaning of

l—I;QW | contamination.

Figure 9-20

%
Allowance

Effective
volume
Total volume

Installation of engine coolant recovery tank

The engine coolant recovery tank should be installed near the radiator. The bottom of the reserve tank
should not be below the bottom of the radiator tank. The top of the reserve tank should be not be above the

top of the radiator tank.
Adjust the overflow hose length or location of the engine coolant recovery tank so that the end of the
overflow hose is at the bottom of the engine coolant recovery tank.

Install the engine coolant recovery tank where the engine coolant level can easily be checked and refilled.

Be careful not to collapse Overflow pipe
Top tank
Top end of — P
top tank i
Reserve tank < —FlJ:jLL
N,
e
- oW
Install the reserve tank < \_‘/ Radiator
within this range H
—
"
-FULL
"
—L(:);W R
\Z./ Bottom tank

Lower end of

bottom tank \
Bottom of reserve tank should

be above the bottom tank

The end of the overflow hose should be close to the bottom of the tank.
Be sure that the pipe is not blocked.

Figure 9-21
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COOLING SYSTEM

Heat Rejection to Engine Coolant

Calculation of Heat Rejection to Engine Coolant

Calculate the diesel fuel combustion heat carried away by the cooling system as follows:
g=fxbxPyxH,x 103

Where,

q : Heat rejection to engine coolant kd/h

f : Heat r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>