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6.  Apparatus (General Description)  
 
6.1  The test engine is a Ford, spark ignition, four stroke, 4-cylinder gasoline turbocharged direct injection (GTDI) 
engine with a displacement of 2.0 L. Features of this engine include variable camshaft timing, dual overhead 
camshafts driven by a timing chain, four valves per cylinder and electronic direct fuel injection. It is based on the 
Ford Motor Co. 2012 Explorer engine with a displacement of 2.0 L. 
6.2  Configure the test stand to accept a Ford 2.0L GTDI engine. All special equipment necessary for conducting 
this test is listed herein. 
6.3  Use the appropriate air conditioning apparatus to control the temperature, pressure, and humidity of the intake 
air to meet the requirements in Table 4. 
6.4  Use an appropriate fuel supply system (Fig. 1). 

 
      Figure 1 
6.5  The control and data acquisition system shall meet the requirements listed in Annex XX. 
7.  Apparatus (The Test Engine)  
7.1  Sequence?? Test Engine—The test engine parts are available from the Ford Motor Co. (A1.1, use parts list .xl).  
A detailed listing of all parts is given in Annex (A1, use parts list .xl).  
7.1.1  Engine parts other than valve train and drive parts can be replaced during the test, provided the reason for 
replacement was not oil related. 
7.2  Required New Engine Parts—Use new parts listed in test parts list (see A1.4) and the gaskets list (A1.5) for 
each test. New valve train drive parts and piston rings must be used for each test. Do not modify or alter test parts 
without the approval of Sequence ?? Surveillance Panel.  
7.3  Reusable Engine Parts—The parts listed in the reusable engine parts list (A1.2), test stand set up kit (A1.6), and 
fastener kit (A1.3) can be reused (all of these can be used in numerous engine assemblies as long as they remain 
serviceable). Crankshaft and bearings, connecting rods and bearings, pistons, camshafts, timing chain covers, 
cylinder blocks , cylinder head assemblies, turbocharger, PCV valve and fuel injectors may be used for a maximum 
of 6 tests as long as they remain serviceable.  These parts should be kept together as a set for all 6 tests.  Damaged 
threads in the block can be corrected with commercially available thread inserts. 
7.4  Specially Fabricated Engine Parts—The following subsections detail the specially fabricated engine parts 
required in this test method:  
7.4.1  Intake Air System  (see Fig. A2.12) Intake air system can be fabricated but must use the stock 2012 Explorer  
air cleaner assembly (A1.6) and MAF. 
7.4.5  Oil Pan and pick up tube—Use a modified oil pan with dipstick, fill port and pick up tube listed in A1.7 and 
shown in Fig. A2.1. These can be obtained from the supplier listed in A9.2. 
7.4.7  Driveline—Use the flywheel, clutch, pressure plate, bell housing, clutch spacer  listed in Annex (A1.7) from 
the supplier listed in A9.2. 
7.5  Special Engine Measurement and Assembly Equipment—Items routinely used in laboratory and workshop are 
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not included. Use any special tools or equipment shown in the 2012 Explorer service manual for assembly. A list of 
these tools is shown in Annex A1.8.  Complete any assembly instructions not detailed in Section 7 according to the 
instructions in the 2012 Explorer Service Manual.  
7.5.1  Piston Ring Positioner—Use the piston ring positioner to locate the piston rings from the cylinder block deck 
surface by 38 mm. This allows the compression rings to be positioned in a consistent location in the cylinder bore 
for the ring gap measurement. Fabricate the positioner according to the details shown in Fig. A2.17. 
7.5.2  Piston Ring Grinder—A ring grinder is required for adjusting ring gaps. A suitable ring grinder is noted in 
7.8.5.1. 
7.5.4  Engine Service Tools—A complete list of special tools for the test engine is shown in Annex A1.8. The tools 
are available from a Ford dealership. These are designed to aid in performing several service items, in addition to the 
following specific service items that require special tools to perform the functions indicated (if not self-explanatory). 
7.5.7  Engine Parts Cleaning—Clean the cylinder block, cylinder heads, pistons, oil pan and front cover using Tierra 
Tech model MOT500NS ultrasonic parts cleaner or similar apparatus. See X2.1.18. Rinse parts with parts cleaning 
soap, NAT-50 or PDN-50 (Annex X2.1.23) before putting into ultrasonic cleaner. 
After all the measurements, the engine is ready for cleaning. Put all of the following components into ultrasonic 
parts cleaner for 30 minutes: 

 Cylinder block with main bearings. Oil jets are removed. 

 Bare pistons without wristpins (The piston compression and oil rings are removed from each piston prior to 
going into the ultrasonic cleaner, they will get replaced with a new set) 

 Bare cylinder head (No valvetrain components) 

 OHT oil pan 

 Front cover 

The ultrasonic parts cleaner solution is also provided by Tierra Tech, Ultrasonic solution 7 and B  (X2.1.19). The 
cleaning procedure is described below: 
Add solution once ultrasonic machine reaches a minimum of 140°F. DO NOT add the degreasers until the ultrasonic 
machine has reached a temperature of 140°F. 
a. 5 ½ gallons of ultrasonic solution 7 
b. ½ gallon of ultrasonic solution B 
c. Change the soap and water solution at least after every 25 hrs. of use. 
*Note: The solution shown above is based upon the MOT-500NS model (158 gallon capacity). Quantities will be 
different for a different size unit.  
After 30 minutes, the parts are removed and immediately sprayed with hot water, then solvent and left to air dry. 
The remaining components are spray cleaned with Stoddard solvent then blown out with pressurized air and left to 
air dry: 

 Camshafts and all valve train. 

 Intake manifold/ Throttle body (not being separated) 

 Fuel pump housing with piston. 

 Vacuum pump and oil screen. 

 Intake and outlet of the turbocharger are lightly wiped down with solvent. The oil screen is also cleaned. 
(We don’t clean the inside of the turbocharger) 

 The carbon build up on the injectors is wiped of 

 Oil Pump 

 VCT solenoids are sprayed with solvent. 

 Valve Cover 

 Turbo charger oil lines 

 Oil separator (PCV housing on the cylinder block) 

 Oil pick up tube 

 Oil squirters/jets 

 Crankshaft 

 Rods and pins 
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 All valvetrain 

 The test batch camshaft sprockets and crankshaft gear. 

 The test batch timing chain is cleaned as described in the Timing Chain Cleaning Procedure. 

7.5.8  Cylinder Deglazing—Use a flexible cylinder hone Flex Hone Model: GB31232 and Pneumatic Honing Drill, 
Westward 1/2 Reversible Air Drill, Model: 5ZL26G to deglaze the cylinder walls. See X2.1.20 and X2.1.21 
6  Miscellaneous Engine Components-Preparation: 
7.6.1  Engine Build-Up and Measurement Area-Environment—The ambient atmosphere of the engine buildup and 
measurement areas shall be reasonably free of contaminants. A relatively constant temperature (within ± 3 °C) is 
necessary to ensure acceptable repeatability in the measurement of parts dimensions. To prevent moisture forming 
on cold engine parts that are brought into the buildup or measurement areas, maintain the relative humidity at a 
nominal maximum of 50 %. 
7.6.2  Throttle Body: 
7.6.2.1  Clean the butterfly and bore of the throttle body with carburetor cleaner (Chemtool B12) (X2.1.34) and air-
dry before each test. Do not disassemble the throttle body as this will cause excessive wear on the components. The 
idle air screw can be removed for the cleaning process. Fully close the idle air screw during test operation. 
7.6.2.2  There is no specific life for the throttle body. However, the clearance between the bore and the butterfly will 
eventually increase and render the body unserviceable. When the clearance becomes too great to allow control of 
speed, torque, and air-fuel ratio, discard the throttle body. 
7.6.8  Water Pump Drive System—Use only the pulleys and belt provided in the Sequence ?? test stand set-up parts 
list (see Annex A1.6), crankshaft pulley, water pump and pulley, tensioner, and six groove belt shown in Figure 6. 
7.6.11  Oil Separators—Clean with degreasing solvent (7.7.1) and allow to air-dry. 
7.7  Solvents and Cleaners Required—No substitutions for 7.7.1 – 7.7.5 are allowed. (Warning—Use adequate 
safety provisions with all solvents and cleaners. See Annex X1.)   
7.7.1  Solvent—Use only mineral spirits (ie Stoddard Solvent) meeting the requirements of Specification D235, 
Type II, Class C for Aromatic Content (0 to 2) vol %, Flash Point (61 °C, min) and Color (not darker than +25 on 
Saybolt Scale or 25 on Pt-Co Scale). (Warning—Combustible. Health hazard.) Obtain a Certificate of Analysis for 
each batch of solvent from the supplier.  
7.7.2  Organic Solvent,  Penmul L460. (Warning—Combustible. Health hazard.). Annex X2.1.22 
7.7.4  Ultrasonic Cleaner,  Tierra Tech ultrasonic solution 7 and B available from supplier shown in Annex X1.4.  
7.7.5  Parts Cleaning Soap, NAT-50 or PDN-50 have been found to be acceptable. (Warning—Health hazard.)  
Annex X2.1.23 
7.8  Assembling the Test Engine-Preparations—Use the long block obtained from the supplier in A9.1. If this is the 
first test on a new engine, disassemble the long block in accordance with the 2012 Explorer workshop manual. 
Required new parts and reusable parts are listed in Annex A1.  
7.8.1  Parts Selection—Instructions concerning the use of new or used parts are detailed in 7.1.1, 7.2, and 7.3. 
7.8.2  Sealing Compounds—Use a silicon-based sealer as needed  on the contact surfaces between  the rear seal 
housing and oil pan and  the front cover  and cylinder block, cylinder head and oil pan.  Use Motorcraft Gasket 
Maker between (TA-16) or equivalent between the  6th intake and exhaust camshaft cap and the cylinder head. 
7.8.2.1  Use silicon-based sealer sparingly since it can elevate the indicated silicon content of the used oil. 
NOTE 1—Non-silicon liquid or tape thread sealers can be used on bolts and plugs. 
7.8.3  Gaskets and Seals—Install new gaskets and seals during engine assembly. 
7.8.4  Block Preparations—Inspect block, including oil galleries for debris and rust. Remove any debris or rust that 
is found. Remove oil gallery plugs. Removal of coolant jacket plugs is left to the discretion of the laboratory. 
7.8.4.1  Deglazing Procedure: Deglazing is performed after ultrasonic cleaning under the following conditions to 
achieve a 9ra to 13ra and 30+5 degree crosshatch:  

1. Mount the engine block in an engine stand or suitable fixture so it is secure and will not move 
during deglazing operation. 

2. Rinse cylinder bores with Stoddard solvent. 

3. Deglaze cylinder bores using drill and hone shown in Figure 3 and Figure 4.  

4. Run the drill at 500 rpm horizontal drill speed for 25 to 35 vertical strokes over elapsed time 
of 20 to 25 seconds. There should be a steady supply of lubricant supplied during each stroke. 
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5. 50/50 ratio, Stoddard Solvent (mineral spirits) and EF411, is the hone lubricant used.   

6. Clean cylinders after honing deglazing with warm/hot water or hot water and Tide detergent 
using a brush, then oil cylinders with EF411. 

7. Replace ball hone after deglazing 24 engine blocks 

8. Measure surface finish and crosshatch. 

 

 
Figure 3: Pneumatic Honing Drill 
 
Pneumatic Honing Drill 
Brand: Westward 
1/2 Reversible Air Drill 
Model: 5ZL26G 
RPM: 500 
Max Psi: 90 
  
 

 
Figure 4: Cylinder Hone 
Flexible Cylinder Hone 
Brand: Flex Hone 
Model: GB31232 
Bore Dia.: 3-1/2" 
Abrasive Material: Silicon Carbide Grit 320 
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12.1.1  E

test using t
between st
a total of 3
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n schedule liste
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0:15 

0:15 

1:15 

r 5 minutes an

est oil and rem
stall new oil fi

0:15 
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Timing Ch

12.1.1.1
oil charge.

12.1.1.1
makeup is 

 
 
12.2  En
12.2.1  E
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one cycle. Each
eted each 24 ho
on is described
 Each cycle is 
s, Stage 2  60 m
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Operational P
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12.3.1.2
12.3.1.3

tube. 
12.3.1.4
12.3.1.5
12.3.1.6

plumbing o
13.3.1.4
12.3.1.5

the barome
12.3.1.6

the 3-way 

 

Engine Shutdow
  Scheduled S
is performed. S
g the engine sp
tch the ignition
uce the intake-
  Unscheduled

utdown is perfo
 test timer whe
econd ramp to 
the engine idle 
down after 2 m
tch the ignition
n off fuel and c
uce the intake-
  Start-Up Afte
performed afte
n to Stage 1—
r resumes from
n to Stage 2— 
r resumes from
  Start-Up Afte

ormed after an o
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n data for that o

PCM Paramete
 Refer to Table

Oil Sampling: 
  Oil level M
f 24 hours or 6
minutes at Sta

Number (Hex) Parame

47 Absolute
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