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Heavy parts (25 kg or more) must be
lifted with a hoist etc. In the Disassembly
and Assembly section, every part weighing
25 kg or more is indicated clearly with the
symbol

HOISTING INSTRUCTIONS

1. If a part cannot be smoothly removed from the
machine by hoisting, the following checks should
be made:
• Check for removal of all bolts fastening the

part to the relative parts.
• Check for existence of another part causing

interference with the part to be removed.

2. Wire ropes
1)  Use adequate ropes depending on the weight

of parts to be hoisted, referring to the table
below:

Wire ropes
(Standard “Z” or”S” twist ropes

without galvanizing)
Rope diameter (mm) Allowable load (tons)

   10         1.0
   11.2         1.4
   12.5         1.6
   14         2.2
   16         2.8
   18         3.6
   20         4.4
   22.4         5.6
   30       10.0
   40       18.0
   50       28.0
   60       40.0

The allowable load value is estimated to be
one-sixth or one-seventh of the breaking
strength of the rope used.

2) Sling wire ropes from the middle portion of
the hook.
Slinging near the edge of the hook may cause
the rope to slip off the hook during hoisting,
and a serious accident can  result.

HOISTING INSTRUCTIONS

Hooks have maximum strength at the middle
portion.

100%      88%        79%        71%       41%

3) Do not sling a heavy load with one rope alone,
but sling with two or more ropes symmetrically
wound on to the load.

Slinging with one rope may cause turning
of the load during hoisting, untwisting of the
rope, or slipping of the rope from its origi-
nal winding position on the load, which can
result in a dangerous accident.

4) Do not sling a heavy load with ropes forming a
wide hanging angle from the hook.
When hoisting a load with two or more ropes,
the force subjected to each rope will increase with
the hanging angles. The table below shows the
variation of allowable load (kg) when hoisting is
made with two ropes, each of which is allowed
to sling up to 1000 kg vertically, at various hang-
ing angles.
When two ropes sling a load vertically, up to 2000
kg of total weight can be suspended. This weight
becomes 1000 kg when two ropes make a 120°
hanging angle. On the other hand, two ropes are
subjected to an excessive force as large as 4000
kg if they sling a 2000 kg load at a lifting angle of
150°.
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STANDARD TIGHTENING TORQUE

STANDARD TIGHTENING TORQUE

1. STANDARD TIGHTENING TORQUE OF BOLTS AND NUTS

      The following charts give the standard tightening torques of bolts and nuts. Exceptions are given in
      section of “Disassembly and Assembly

    Thread diameter  width
           of  bolt           across flat

(mm)  (mm)       kgm              Nm

   6    10 1.35±0.15        13.2±1.4
   8    13   3.2±0.3        31.4±2.9
 10    17   6.7±0.7        65.7±6.8
 12    19  11.5±1.0          112±9.8
 14    22  18.0±2.0         177±1.9

 16    24  28.5±3         279±29
 18    27     39±4         383±39
 20    30     56±6         549±58
 22    32     76±8         745±78
 24    36  94.5±10         927±98

 27    41   135±15        1320±140
 30    46   175±20        1720±190
 33    50   225±25        2210±240
 36    55   280±30        2750±290
 39    60   335±35        3280±340

      This torque table does not apply to the bolts with which nylon packings or other non-ferrous metals
      washers are to be used, or which require tightening to otherwise specified torque.

      �   Nm (newton meter):  1 Nm = 0.1 kgm

2. TIGHTENING TORQUE OF SPLIT FLANGE BOLTS

      Use these torques for split flange bolts.

   Thread diameter  Width      Tightening torque
           of bolt           across flats

(mm)  (mm)       kgm             Nm

  10 14   6.7±0.7      65.7±6.8
  12 17 11.5±1       112±9.8
  16 22 28.5±3       279±29
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STANDARD TIGHTENING TORQUE

3. TIGHTENING TORQUE FOR NUTS
OF  FLARED

Use these torques for nut part of flared.

   Thread diameter      width across flats      Tightening torque
         of nut part            of nut part

(mm)   (mm)       kgm              Nm

  14     19    2.5±0.5        24.5±4.9
  18     24       5±2           49±19.6
  22     27       8±2        78.5±19.6
  24     32     14±3      137.3±29.4
  30     36     18±3      176.5±29.4
  33     41     20±5      196.1±49
  36     46     25±5     245.2±49
  42     55     30±5     294.2±49

COATING MATERIALS

    The recommended coating materials prescribed in beml Shop Manuals are listed below.

 Nomenclature BEML code   Applications
 LT-1A Used to apply rubber pads, rubber gaskets, and cork plugs
 LT-1B Used to apply resin, rubber, metallic and non-metallic parts when a fast,

strong seal is needed
Adhesives  LT-2* Preventing bolts, nuts and plugs from loosening and leaking oil.

 LT-3 Provides an airtight, electrically insulating seal.
Used for aluminum surfaces.

 LT-4 Used to coat plugs (plate shaped, bowl shaped) and holes, and mating
portion of shaft.

 LG-1 Used with gaskets and packings to increase sealing effect.
 LG-3 Heat-resistant gasket for precombustion chambers and exhaust piping.
 LG-4 Used by itself on mounting surfaces on the final drive and transmission

Sealant gasket cases. (Thickness after tightening: 0.07 - 0.08 mm)
 LG-5 Used by itself to seal grease fittings, tapered screw fittings and tapered

screw fittings in hydraulic circuits of less than 50 mm in diameter.
 LG-6 Silicon base type used in combination with LG-1 and LG-4.
 LG-7 Has a shorter curing time than LG-6, and is easier to peel off.

Antifriction compound Applied to bearings and taper shafts to facilitate press-fittings and to
(Lubricant including  LM-P prevent sticking, burning or rusting.
molybdenum disulfide)
Grease  G2-L1 Applied to bearings, sliding parts and oil seals for lubrication, rust
(Lithium grease)     - prevention and facilitation of assembling work.
Vaseline Used for protecting battery electrode terminals from corrosion.

*LT-2 is also called LOCTITE in the shop manuals.
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RESERVOIR 

 

KIND OF 
FLUID 

BEML STD. VISCOSITY 
GRADE 

CAPACITY (LITERS) 

ENGINE  OIL PAN  

 

 

ENGINE OIL

C6002-30 CF4 15W40 25 17.5 

SWING MACHINERY CASE 
 

C6002-03 

 

SAE 30 CD 

5 4.5 

SWING BRAKE 5 4.5 

FINAL DRIVE CASE 4 3.4 

TRAVEL BRAKE 4 3.4 

HYDRAULIC SYSTEM C6002-03 SAE 30 CD 250 150 

FUEL TANK DIESEL C6002-01 HSD 280 - 

COOLING SYSTEM WATER - - 35 26.5 

GREASE NLGI – 2 

(MOLEX) 

C6003-02 MOLEX 

GREASE 
- - 

 

PC
Typewritten Text
01-17



PC
Typewritten Text
01-18



PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text
02-02

PC
Typewritten Text
02-05

PC
Typewritten Text

PC
Typewritten Text
02-06

PC
Typewritten Text

PC
Typewritten Text
02-08

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text

PC
Typewritten Text



PC
Typewritten Text
02-02

PC
Typewritten Text



1 

2 3 4 5 6 

7 

8 
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Section – A-A 
View - Z 
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STRUCTURE AND FUNCTION      ENGINE MOUNT AND ENGINE ATTACHED PARTS 
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STRUCTURE AND FUNCTION            DAMPER 
 

 
  DAMPER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  Section  A-A 
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STRUCTURE AND FUNCTION                   FUEL TANK AND PIPING 
 

 
  FUEL TANK AND PIPING 
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TESTING AND ADJUSTING                TESTING AND ADJUSTING DATA 
 
 
  TESTING AND ADJUSTING DATA 
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TESTING AND ADJUSTING                  REFER ENGINE SHOP MANUAL 
 

 
 
REFER ENGINE SHOP MANUAL OF  
SE105 M 06 00 07 B (S) 6D105 SERIES DIESEL ENGINE 

 
1. ADJUSTING VALVE CLEARANCE 

2. MEASURING COMPRESSION PRESSURE 

3. MEASURING BLOW-BY PRESSURE 

4. TESTING AND ADJUSTING FUEL INJECTION TIMING 

5. MEASURING EXHAUST GAS COLOR 

6. TESTING AND ADJUSTING FAL BELT TENSION 

7. ADJUSTING FUEL CONTROL LEVER  
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DISASSEMBLY AND ASSEMBLY                 REFER ENGINE SHOP MANUAL 
 

 
 
REFER ENGINE SHOP MANUAL OF  
SE105 M 06 00 07 B (S) 6D105 SERIES DIESEL ENGINE 

 
1. REMOVEL OF STARTING MOTOR ASSEMBLY 

2. REMOVEL OF ALTERNATOR ASSEMBLY 

3. REMOVEL OF ENGINE OIL COOLER ASSEMBLY 

4. REMOVEL OF FUEL INJECTION PUMP ASSEMBLY 

5. INSTALLATION OF FUEL INJECTION PUMP ASSEMBLY 

6. REMOVEL OF WATER PUMP ASSEMBLY 

7. REMOVEL OF NOZZLE HOLDER ASSEMBLY 

8. REMOVEL OF TURBOCHARGER ASSEMBLY 

9. REMOVEL OF CYLINDER HEAD  ASSEMBLY 

10. INSTALLATION OF CYLINDER HEAD  ASSEMBLY 

11. REMOVEL OF REDIATOR ASSEMBLY 

12. REMOVEL OF HYDRAULIC OIL COOLER ASSEMBLY 

13. REMOVEL OF ENGINE AND MAIN PUMP ASSEMBLY 

14. INSTALLATION OF ENGINE AND MAIN PUMP ASSEMBLY 

15. REMOVEL OF DAMPER ASSEMBLY 
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REFER ENGINE SHOP MANUAL OF SE 105 M 06 00 07 

B(S)6D105-1 SERIES DIESEL ENGINE 
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STRUCTURE AND FUNCTION                          POWER TRAIN 
 

 

POWER TRAIN 

BE220G 
OUTLINE   Refer PMP Instruction Manual of PMCI M001 
 
 
POWER TRAIN 

BE220 / BE220LC 
OUTLINE    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Hydraulic tank  
2. Engine 
3. Main pump 
4. LH Final drive 
5. LH Travel motor 
6. Control valve assembly 
7. Swing circle 
8. Center swivel joint 
9. Swing machinery 
10. Swing motor 
11. RH Travel motor 
12. RH Final drive  

 

The mechanical power from engine 
(2) is converted to hydraulic power 
by main pump (3). The hydraulic 
power from main pump (3) is 
divided to each actuator by control 
valve (60. It then goes to travel 
motors (50 and (110, swing motor 
(100 and the hydraulic cylinders, 
and is converted back to 
mechanical power. This actuates 
the travel, swing and work 
equipment circuits. 
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STRUCTURE AND FUNCTION               POWER TRAIN CIRCUIT 
 

 

POWER TRAIN CIRCUIT 

BE220G 
 
 

Refer PMP Instruction Manual of PMCI M001 
 
 
 
 
 
 
POWER TRAIN CIRCUIT 

BE220 / BE220LC 
 
 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                TRAVEL AND BRAKE SYSTEM 
  

  

TRAVEL AND BRAKE SYSTEM  

BE220G 
OUTLINE 

  Refer PMP Instruction Manual of PMCI M001 
 
 
TRAVEL AND BRAKE SYSTEM  

BE220 / BE220LC 
OUTLINE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Center swivel joint 
2. RH Travel motor 
3. RH Final drive 

4. Hydraulic tank 
5. Travel shuttle valve 
6. Control valve assembly 

7. Main pumps  
8. LH Final drive 
9. LH Travel motor 

 
 The travel control system consists of the following 

components. 
o Travel levers: These are used by the operator to 

steer the machine and to select FORWARD or 
REVERSE. 

o Travel Control Valve (6) (interconnected with 
travel levers): This regulates the direction of flow 
of the oil from main pumps (7). 

o The oil from travel control valve (6) flows 
through center swivel joint (1) to travel motors 
(2), (9). A parking brake is installed to the travel 
motor. 

o Final drives (3), (8): This reduces the travel 
motor speed and transmits to sprocket. 

o Straight travel valve (built-in control valve (6)): 
This acts to prevent the machine from deviating 
when the machine is traveling, and the operator 
uses the swing, boom, arm, or bucket circuit. 

 The function of travel brake is carried out by the 
travel motor itself. When travel levers are moved from 
“TRAVEL” position to “neutral”, the inlet and outlet 
ports to motor are closed, so the machine stops. 

 For operation of the travel control levers control 
levers and direction of travel, see OPERATION & 
MAINTENANCE MANUAL. 

 For details of main pumps (7) and control valves (6), 
see Section 61 HYDRAULIC SYSTEM. 
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STRUCTURE AND FUNCTION                TRAVEL AND BRAKE SYSTEM 
 

  

TRAVEL CONTROL CIRCUIT  

BE220G 
 
 
 
  Refer PMP Instruction Manual of PMCI M001 

 
 
 
 
 
 

TRAVEL CONTROL CIRCUIT  

BE220 / BE220LC 
 
 
 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                TRAVEL AND BRAKE SYSTEM 
 

  

CENTER SWIVEL JOINT 
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STRUCTURE AND FUNCTION                TRAVEL AND BRAKE SYSTEM 
 

  

TRAVEL MOTOR (WITH PARKING BRAKE) AND BRAKE ASSEMBLY  

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                             FINAL DRIVE SYSTEM 
 

  

FINAL DRIVE SYSTEM 

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                                       SWING SYSTEM 
  

  

SWING SYSTEM  

BE220G 
  Refer PMP Instruction Manual of PMTE M001 
 
 
SWING SYSTEM  

OUTLINE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   This pipe is installed only on machines with a swing mechanical brake. 

 
1. Swing circle 
2. Center swivel joint 
3. Swing machinery 
4. Swing motor 
5. Hydraulic tank 
6. Solenoid valve  

(for swing mechanical brake  
(if equipped) 

7. Swing control valve 
8. Main pumps 

The hydraulic excavator has a swing mechanism which 
allows the work equipment to swing 360 degrees. The 
digging work and loading dump trucks can be done 
without moving the machine. 
The swing mechanism consists of swing motor (4) which 
rotates the upper structure, reduction gears (swing 
machinery) (3), swing circle (10, and center swing joint (2) 
through which the hydraulic oil is delivered from the 
revolving upper structure to the undercarriage. 
 As for CENTER SWIVEL JOINT, see page 05-06. 
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STRUCTURE AND FUNCTION                                       SWING SYSTEM 
 

  

SWING CONTROL CIRCUIT 

BE220G 
 
 
 
  Refer PMP Instruction Manual of PMTE M001 

 
 
 
 
 
 

SWING CONTROL CIRCUIT  

BE220 / BE220LC 
 
 
 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                                       SWING SYSTEM 
 

  

SWING MOTOR 

BE220G 
Refer PMP Instruction Manual of PMTE M001 

 
 
   

 
 
 
 

 
 

 
 
 
 

 
 

 
SWING MOTOR  

BE220 / BE220LC 
Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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STRUCTURE AND FUNCTION                                       SWING SYSTEM 
 

  

SWING MACHINERY 

BE220G 
Refer PMP Instruction Manual of PMTE M001 

 
 
   

 
 
 
 

 
 

 
 
 
 

 
 

 
SWING MACHINERY  

BE220 / BE220LC 
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STRUCTURE AND FUNCTION                                       SWING SYSTEM 
 

  

SWING CIRCLE 
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 CENTER SWIVEL JOINT ASSEMBLY  
  Removal ………….. ………………… 06-02 
  Installation …………………………… 06-03 
  Disassembly …………………………. 06-04 
  Assembly ……………………………… 06-05 

 TRAVEL MOTOR ASSEMBLY  
  Removal ………….. ………………… 06-06 
  Installation …………………………… 06-07 
  Disassembly …………………………. 06-08 
  Assembly ……………………………… 06-09 

 SWING MOTOR ASSEMBLY  
  Removal and Installation ………….… 06-10 
  Disassembly …………………………. 06-11 
  Assembly ……………………………… 06-12 

 SWING CIRCLE ASSEMBLY  
  Removal ………….. ………………… 06-13 
  Installation …………………………… 06-17 

 SWING MACHINERY ASSEMBLY  
  Removal and Installation ………….… 06-21 
  Disassembly …………………………. 06-22 
  Assembly ……………………………… 06-23 

 SPROCKET  
  Removal and Installation ………….… 06-24 

 TRAVEL MOTOR, FINAL DRIVE ASSEMBLY  
  Removal ………….. ………………… 06-25 
  Installation …………………………… 06-26 

 FINAL DRIVE ASSEMBLY  
  Disassembly …………………………. 06-27 
  Assembly ……………………………… 06-28 

 

 When operating the hydraulic cylinders for the first time after reassembling cylinders, pumps and 
piping always bleed the air as follows: 

1. Start engine and run at low idling. 
2. Operate hydraulic cylinder 4 to 5 times, stopping 100 mm stroke end.  
3. Next, operate cylinder 3 to 4 times to stroke end. 
4. After doing this, run engine at normal speed. 
o After repair or long storage, follow the same procedure.  

 

 

 

 



DISASSEMBLY AND ASSEMBLY               CENTER SWIVEL JOINT 
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DISASSEMBLY AND ASSEMBLY               CENTER SWIVEL JOINT 
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DISASSEMBLY AND ASSEMBLY               CENTER SWIVEL JOINT 
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DISASSEMBLY AND ASSEMBLY               CENTER SWIVEL JOINT 
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DISASSEMBLY AND ASSEMBLY                 TRAVEL MOTOR ASSEMBLY 
 

  

REMOVAL OF TRAVEL MOTOR ASSEMBLY  

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY                 TRAVEL MOTOR ASSEMBLY 
 

  

INSTALLATION OF TRAVEL MOTOR ASSEMBLY  

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY                 TRAVEL MOTOR ASSEMBLY 
 

  

DISASSEMBLY OF TRAVEL MOTOR ASSEMBLY  

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY                 TRAVEL MOTOR ASSEMBLY 
 

  

ASSEMBLY OF TRAVEL MOTOR ASSEMBLY  

BE220G 
  Refer PMP Instruction Manual of PMCI M001 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY         SWING MOTOR ASSEMBLY 
 

  

REMOVAL AND INSTALLATION OF SWING MOTOR ASSEMBLY  

BE220G 
Refer PMP Instruction Manual of PMTE M001 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

06-10 



DISASSEMBLY AND ASSEMBLY         SWING MOTOR ASSEMBLY 
 

  

DISASSEMBLY OF SWING MOTOR ASSEMBLY  

BE220G 
Refer PMP Instruction Manual of PMTE M001 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY         SWING MOTOR ASSEMBLY 
 

  

ASSEMBLY OF SWING MOTOR ASSEMBLY  

BE220G 
Refer PMP Instruction Manual of PMTE M001 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

BE220 / BE220LC 
 

Refer Rexroth Instruction Manual  of HS-64-05-E0403-1-3 
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DISASSEMBLY AND ASSEMBLY                            SWING CIRCLE 
 

 

REMOVAL OF SWING CIRCLE ASSEMBLY 
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DISASSEMBLY AND ASSEMBLY                            SWING CIRCLE 
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DISASSEMBLY AND ASSEMBLY                            SWING CIRCLE 
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DISASSEMBLY AND ASSEMBLY                            SWING CIRCLE 
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TRACK FRAME AND RECOIL SPRING 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

No Check item Criteria Remarks  

   Standard size Repair limit  

1 Vertical 
Track frame 107 111 Rebuild 

or 
replace Idler support 105 103 

2 Horizontal Width of 
idler guide 

Track frame 250 255 Rebuild 
or 

replace Idler support 247 245 

3 Recoil spring 

Free length 583 -- 

Replace Installed length 460  

Installed load 11,700 kg 9,360 kg 
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STRUCTURE AND FUNCTION                                    HYDRAULIC 
   

 

 HYDRAULIC SCHEMATICS 
 Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
  

HYDRAULIC CIRCUIT DIAGRM 
 Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
 

 HYDRAULIC TANK 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Filler cap (with lock device (if equipped)  
2. Bypass check valve 
3. Bypass valve 
4. Filter element 

5. Tank 
6. Sight-gauge 
7. Drain plug 
8. Strainer  
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 MAIN PUMP 
 Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
HYDRAULIC CONTROL VALVE 

 Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 
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 HYDRAULIC CYLINDER 
 

1. Boom Cylinder 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Arm Cylinder 
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 CUSHION CYLINDER: For Boom Cylinder Head & Arm Cylinder Head & Bottom sides 
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 WORK EQUIPMENT 
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 ATTACHMENT 
  

Name  Style Application Specification 

Narrow 
Bucket 

 

Used for digging narrow 
trenches or for digging 
hard ground beyond 
ability of standard bucket 

Capacity SAE (m³) 0.72 

Bucket width (mm) 1005 

Weight (kg)  

Reversible  Yes 

Light-duty 
Bucket 

 

Used for loading a large 
quantity of relatively light 
material  

Capacity SAE (m³) 1.12 

Bucket width (mm) 1405 

Weight (kg) 911 

Reversible  Yes 

Trapezoidal 
Bucket 

 

Used for digging 
trapezoidal channels in 
farms and paddy fields 

Capacity SAE (m³) 0.5 

Ditching angle (deg.) 45 

Bucket width (mm) -- 

Weight (kg) 
830    

(incl. side plate 220 
kg) 

Slope 
finishing 
Bucket 

 

Suitable for slope 
forming work 

Compaction area (m³)  

Compaction width (mm)  

Capacity (m³)  

Weight (kg)  

Clamshell 
Bucket 

 

Suitable for digging and 
loading work in a 
restricted spot such as 
bridge girder foundation 
digging work 

Capacity SAE (m³) Loading type -
0.60 

Bucket width (mm) 866 

Operating width (mm) 1,782 

Weight (kg0 1,140 

Rotation type 360°  
manual slide 

Opening time (sec.) 2.0 

Closing time (sec.) 1.2 
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 ATTACHMENT 
  

Name  Style Application Specification 

Ripper 
Bucket 

 

Used for digging hard 
ground rock bed and 
pavements  

Capacity SAE (m³)  

Bucket width (mm)  

Weight (kg) 935 

Reversible  No 

Ripper 

 

Suitable for digging rocks 
and pavements and tree 
roots 

 1-shank 3-shank 

Shank width (mm) 76 53.5 

Ripper digging force 
(Bucket) (kg) 15,400 15,500 

Weight (kg) 363 620 

Short arm 

 

Suitable for digging on 
general purpose 

Arm length  
(Overall) (mm) 2,000 

Maximum digging depth 
(mm) 5670 

Weight (kg) 671 

Long arm 

 

Used for deep 
excavation work 

Arm length  (mm)  

Maximum digging depth 
(mm) 7,160 

Weight (kg)  

 

Attachment name Standard arm 
2.5m 

Short arm  
2.0 m 

Long arm  
3.05 m 3.5 m 

Narrow bucket (bucket width 1005 mm)    
Standard bucket (bucket width 1250 mm)    
Light-duty bucket (bucket width 1405 mm)   X 
Light-duty bucket (bucket width 1505 mm)   X 
Slope finishing bucket    
Trapezoidal bucket (bucket width 3370 mm)    
Ripper bucket (bucket width 950 mm)   X 
Clamshell bucket (bucket width 864 mm)    
T-shank ripper   X 

: For normal operation,      : For light-duty operation,      X: Un-attachable 
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TESTING AND ADJUSTING                     AIR BLEEDING / MAIN RELIEFVALVE / CONTROL CIRCUIT 

 

 
AIR BLEEDING 

 
1. AIR BLEEDING IN HYDRAULIC SYSTEM 
2. AIR BLEEDING IN MAIN PUMP 
3. REMAIN PRESSURE RELIVING PPC CIRCUIT 
4. AIR BLEEDING IN TRAVEL MOTOR 

 
Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
 
 
 
 
 

TESTING AND ADJUSTING MAIN RELIEF VALVE 
 

 
Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
 
 
 
 
 

TESTING PRESSURE OF CONTROL VALVE 
 

  
Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 

 
 
 
 
 
 
 
 
 
 

12-14 



 
TESTING AND ADJUSTING                                 TESTING OIL LEAKAGE FROM SWIVEL JOINT 

 

 
TESTING OIL LEAKAGE FROM SWIVEL JOINT 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12-15 



 
TESTING AND ADJUSTING                                 TESTING OIL LEAKAGE FROM SWIVEL JOINT 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12-16 
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MEASURING LEAKAGE OF SWING, TRAVEL MOTOR 

BE220G 
 

Refer PMP Instruction Manuals of PMCI. M001 and PMTE M001 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

BE220 l BE220LC 
 

Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 
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CHECKING AND ADJUSTING TRAVEL MOTOR PERFORMANCE 

BE220G 
 

Refer PMP Instruction Manuals of PMCI M001  
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Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 
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 Installation ………………………………… 13-02 
CONTROL VALVE ASSEMBLY 
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 Assembly …………………………………… 13-20 

 When operating the hydraulic cylinders for the first time after reassembling cylinders, pumps and 
piping always bleed the air as follows: 

1. Start engine and run at low idling. 
2. Operate hydraulic cylinder 4 to 5 times, stopping 100 mm stroke end.  
3. Next, operate cylinder 3 to 4 times to stroke end. 
4. After doing this, run engine at normal speed. 
o After repair or long storage, follow the same procedure.  
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 INSTALLATION OF MAIN PUMP ASSEMBLY 

 DISASSEMBLY OF MAIN PUMP ASSEMBLY 

 ASSEMBLY OF MAIN PUMP ASSEMBLY 

 INSTALLATION OF MAIN PUMP ASSEMBLY 

 
 
Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 
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 REMOVEL OF CONTROL VALVE ASSEMBLY 

 INSTALLATION OF CONTROL VALVE ASSEMBLY 

 DISASSEMBLY OF CONTROL VALVE ASSEMBLY 

 ASSEMBLY OF CONTROL VALVE ASSEMBLY 

 
 
Refer Rexroth Instruction Manual of HS-64-05-E0403-1-3 
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WRIST CONTROL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PPC SHUTTLE VALVE 
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This publication supersedes and replaces any previous issue and revision.  

PMP - PRO-MEC reserves the right to implement modifications without 
notice.   

It is prohibited to reproduce all or a portion of this manual, unless expressly 
authorized.  

During maintenance, assembly and disassembly activities use caution and 
proper safety equipment, in observance to the rules provided by safety laws.  
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1. SYMBOLS DESCRIPTION 

 

 

COMPULSORY REQUIREMENT 

 

PAY ATTENTION NOT TO DAMAGE 
COMPONENTS 

 

WATCH YOUR FEET, YOUR BACK AND YOUR 
HANDS: THE COMPONENT IS HEAVY, MOVE 
IT CAREFULLY   !!! 

 

TIGHTENING WITH DYNAMOMETRIC 
WRENCH   !!! 

 

APPLICATION OF SEALING/LOCKING FLUID 

 

DISPOSE IN ACCORDANCE TO 
ENVIRONMENTAL LAWS 
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2. PRODUCT IDENTIFICATION 
Each gearbox is supplied with an identification nameplate. (Fig. 1).  

If necessary, for spare parts enquiries, information and service support, identify the 
model and the serial number reported on the nameplate. 

The data stamped on the nameplate must always be visible and undamaged. 
 

 

 

 

 

 

 

 

 

 

 

 

 

3. GEARBOX MOUNTING 

In the following picture there are the geometrical tolerances for assembly (Fig.2). On 
gearboxes with double centering surfaces, it is recommended that the dimension of 
hole ”L” is 0,5÷1 mm greater than the diameter of the gearbox centering surface.  

For dimensions and technical data please refer to the specific drawing provided with 
the gearbox. 
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Fig. 1 

Fig. 2 
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3.1 FRAME MOUNTING 

 

          To ensure the correct operation of the gearbox, follow the rules below:  

 

 The unit must be fixed to a rigid structure and the supporting surface should 
be thoroughly cleaned. 

 The centering and the coupling surfaces of the unit must be clean and 
undamaged  

 Lubricate all the centering diameters of the gear unit and the housing seat 
with grease or oil  

 

The measures described above are important for ensuring perfect meshing 
between gearbox pinion and the slewing ring and to prevent any damage to the 
structure which could cause the  

Gearbox to malfunction.  

PMT and PMTE gearboxes must be fixed on the frame with screws inserted in 
the through holes of the gearbox housing (Fig.3). Some gearboxes feature pin 
holes for accurate positioning.  

Note: for gearbox extraction, dedicated threaded holes are available on the 
gearbox housing.  
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Fig. 3 
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3.2 MOTOR ASSEMBLY 

Connect the motor using the 4 threaded holes on the gearbox upper flange 
(Fig.4).  

While assembling the motor onto the gearbox, the motor shaft must be lubricated 
with a thin layer of grease.  

Insert the motor shaft into the coupling and make sure that the motor centering 
diameter perfectly matches the gear unit centering diameter.  

Check that the motor is properly centered, and then block it with 4 screws. 
Tightening torque are indicated on table 1.  

 

ATTENTION: During the motor assembly pay attention not to damage toe 
O-ring. 

 
Table 1   Tightening torque table 

Thread Torque grade 12.9 
M10 70 Nm 
M12 120 Nm 
M14 190 Nm 
M16 300 Nm 
M20 680 Nm 
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Fig. 4 
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4. GEARBOX OPERATION AND MAINTENANCE 

4.1 GENERAL INSTRUCTIONS 

 
Admissible oil temperature range (working conditions): -20°C / +90°C (-
4°F / 194 °F)  
Gearbox must be immediately stopped and cooled down if oil temperature 
reaches +90°C (194°F) 

 
 

All maintenance activities must be in carried out under safety conditions 
 
 
 

 The gearbox is supplied without oil  

 The routine maintenance includes only the regular substitution of the oil   

 At every oil change, check the magnetic plug for metallic parts with unusual 
dimensions  

 Do not mix different types of oil  

 Use the following Table 2 for maintenance intervals of the gearbox: 

 
 
 

Table 2 Gearbox operation and maintenance 
Operation Interval 

Oil level control Every 150 operating hours of the gearbox 
First oil change After 100 operating hours of the gearbox 
Regular oil change Every 1000 operating hours or 1 year 
First screw tightness control After the first 50 operating hours 
Regular screw tightness control Every 1000 operating hours 

 
 
 

Maintenance intervals indicated in Table 2 are based on standard 
working conditions. In case of intense working conditions or special 
environmental conditions, recommended maintenance intervals 
shall be discussed with PMP 
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4.2 OIL FILLING 

ATTENTION: The gearbox is supplied without oil! Make sure to fill the gearbox 
with the appropriate oil quantity prior to operating it. 

For the proper oil quantity refer to the specific drawing provided with the gearbox.  

For correct use of the  unit you are recommended to use oil type:  

SAE 80W90 / API GL5 

The following Table 3 shows a list of suggested lubricants (for temperate climate):  

Table 3 Suggested lubricants 
Manufacturers Oil type 

AGIP MP 
MOBIL HD 

REPSOL EP 
 

For oil-filling operation, follow the steps below:   
 
Respect the environment! Dispose in accordance to environmental laws 

 

• Step 1: Unscrew the fill plug (see Fig.:5a Page 10)  

• Step 2: Check that the drain plug is tightened  

• Step 3: Fill the gearbox from the fill plug.  

For PMTE the quantity of oil is sufficient when the level on the oil dipstick is within the 
Min and Max range (Fig.: 5b Page: 10). 

For PMTE the quantity of oil is sufficient when the level on the oil dipstick is within the 
oil dipstick edge and Max range (Fig.: 5b Page: 10). 

For an indication of the approximate oil quantity needed please refer to the specific 
drawing provided with the gearbox. 

• Step 4: Put the plugs with their washers back in place. 
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4.3 OIL DRAINING 

 

For oil-draining operation, follow these steps:  

 

Respect the environment!  

Dispose in accordance to environmental laws 
 

 Step 1: In order to facilitate draining it is suggested to remove the oil filling plug  

 Step 2: Remove the drain plug and allow all the oil to flow out of the gearbox  

 Step 3: Refill the gearbox following the steps come described on pag.10   
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Fig. 5a 

Fig. 5b 
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4.4 LUBRICATION OF THE OUTPUT BEARING WITH GREASE 

 

During operation, PMTE gearboxes output bearing chamber must have the correct 
quantity of grease. 

 

PMT and PMTE gearboxes are supplied with the output bearing chamber already filled 
with grease. 

 

Grease level must be checked regularly every 1000 hours. 

It is recommended to use Mobil grease XHP222. 

Alternatively grease with the following characteristics cab be used. 

 

Thickener type Li-complex  
Consistency NLGI N°2 
Base oil:  Mineral oil with viscosity 220 mm² / S at 40° C 
Dropping point 260° C 
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Fig. 6 
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This publication supersedes and replaces any previous issue and revision.  

PMP - PRO-MEC reserves the right to implement modifications without notice.   

It is prohibited to reproduce all or a portion of this manual, unless expressly 
authorized.  

SAFETY REGULATION 

This handbook provides just on overview of the gearbox and is addressed to skilled 
workmen properly equipped to perform maintenance. 

ATTENTION! 

During maintenance, assembly and disassembly activities use caution and 
proper safety equipment, in observance to the rules provided by safety laws. 

 
 
 
 



TRAVEL DRIVE SERVICE MANUAL                                 SYMBOLS DESCRIPTION 
 

 
1.  SYMBOLS DESCRIPTION 

 

 

COMPULSORY REQUIREMENT 

 

PAY ATTENTION NOT TO DAMAGE 
COMPONENTS 

 

WATCH YOUR FEET, YOUR BACK AND YOUR 
HANDS: THE COMPONENT IS HEAVY, MOVE 
IT CAREFULLY   !!! 

 

TIGHTENING WITH DYNAMOMETRIC 
WRENCH 

 

APPLICATION OF SEALING/LOCKING FLUID 

 

DISPOSE IN ACCORDANCE TO 
ENVIRONMENTAL LAWS 
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2. PRODUCT IDENTIFICATION 

Each drive is supplied with one identification nameplate for the gearbox (Fig. 1a) and 
one for the motor (Fig. 1b).  

If necessary, for spare parts enquiries, information and service support, identify the 
model and the serial numbers reported on the nameplates. 

The data stamped on the nameplate must always be visible and undamaged. 
 

 

 

 

 

 

 

 

 

 

 

 

 

3. GEARBOX MOUNTING 

The geometrical indications and 
tolerances for the correct mounting are 
shown here below (Fig. 2) 

For d1 and d2 dimensions and additional 
technical data, refer to the specific 
drawing provided with the drive. 

 Gearbox 
(mm) 

Sprocket 
(mm) 

d2 
 300 d2 H9 

˃ 300 (d2+0.2) H9 
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Fig. 1a 

Fig. 2 

Fig. 1b 
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3.1 FRAME MOUNTING 

          To ensure the correct operation of the gearbox, it is necessary to:  

 Check that the structure to which the gearbox is mounted is sufficiently robust 
and rigid to support its weight and operating stresses. 

 Check that the centering and the coupling surfaces of the drive unit are clean 
and undamaged, for correct and secure locking.  

 

Apply high strength thread locker on the screw threads. 

 

Tighten at the torque indicated on Table 1 

 

3.2 SPROCKET MOUNTING 

Clean mating surfaces and install the sprocket on the gearbox (Fig. 3) 

 

Apply high strength thread locker on the screw threads. 

 

Tighten at the torque indicated on Table 1 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1   Tightening torque table 

Thread Torque Grade 12.9 

M10 70 Nm 
M12 120 Nm 
M14 190 Nm 
M16 300 Nm 
M20 680 Nm 
M24 1220 Nm 
M30 2430 Nm 

 
 

16-04 

Fig. 3 
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4. CONNECTION TO THE HYDRAULIC SYSTEM 

PMCI drives can be used on machines equipped with open or closed loop hydraulic 
circuit.  
For motor technical data and hydraulic schematics please refer to the specific 
drawing provided with the drive. 
 

To ensure the correct operation, it is necessary to:  
 
 Make sure that all hydraulic hoses and connections are clean and free from any 

internal obstruction 
 Prevent that any foreign particles enter into the hoses remove the plastic caps 

only at the time of the connection  
 Filter the oil after hoses are connected to the motor  
 Not mix different kinds of oil 

 

4.1 HYDRAULIC FLUID 

The motor must be operated with high mineral oil. 
The following Table 2 indicates the recommended characteristics of the hydraulic 
fluid:  
 

 

 

 

 
During operation the temperature of hydraulic fluid must be controlled and stay within 
the range of Table 3 below 
 
 
 
 
 
 

4.2 FILTRATION  

For efficient and durable performances it is recommended to maintain a solid particle 
contamination level as for Table 4: 
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Table 2 Hydraulic fluid viscosity range 

Hydraulic fluid High Viscosity Index 

Operating viscosity range cSt 16-36 
Acceptable viscosity range for very short periods cSt 7-1600 

Table 3 Hydraulic fluid  temperature range 

Operating temperature range (min~max) °C (°F) 20+90 (68 ÷194) 
Maximum oil temperature °C (°F) 90 (194) 
Minimum temperature at operation start °C (°F) -20 (-40 

Table 4 Hydraulic fluid viscosity range 

Class 7 in accordance to NAS 1638 

18/16/13 in accordance to ISO 4406 
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4.3 CONNECTION DETAILS 

 
Connect the hydraulic circuit hoses to the hydraulic motor parts as per the picture 4 
below. For specific dimensions and hoses size refer to the specific drawing provided 
with the drive. 
 
Motor parts for open loop configuration. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Motor parts for closed loop configuration. 
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4.4 MOTOR DISPLACEMENT 

The standard for variable displacement motors is to operate with the motor in 
the high displacement (no pilot pressure Ps applied). When pilot pressure 
(Ps) is applied, the motor shifts to the low-displacement position.  

Motors equipped with automatic auto-shift will automatically return to high 
displacement, despite pilot pressure Ps being applied, when A-B pressure hits 
a specific value.  

Motors can also be supplied in the fixed displacement configuration upon 
request.  

 

4.5 MOTOR ORIENTATION 

Table 5 below explains the correct positioning of the motor connections.  

An important condition is that the motor must be filled with pre filtered 
hydraulic oil.  

Lack of compliance with this condition can damage the unit irreparably.  

After the motor has been filled, operate the machine with no load to allow the 
flushing of the circuit and check for leaks in hoses or fittings.  

Bleed air from every part of the hydraulic circuit; the presence of residual air 
in the hydraulic circuit will lead to irregular functioning of the motor as well as 
excessive noise  
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TABLE 5 MOTOR POSITIONING 

 

NOTES: 
 

The case drain hose must always be 
connected to the highest port (T1). Plug the 
lower drain port with a metallic plug. 

 

 

 

 

The case drain hose must always be 
connected to the highest port (T2). Plug the 
lower drain port with a metallic plug. 

 

 

 

 

 

The case drain hose can be connected 
either to port T1 or T2. 

Plug the remaining drain port with a metallic 
plug. 

 

 

 

 

Not recommended connection. 
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4.6 CONNECTION OF THE BRAKE  

 
PMCI drives are normally supplied with a spring applied hydraulic release parking brake, 
integrated into the motor.   

For motor brake details please refer to the specific drawing provided with the drive.  

In case of motors for open loop hydraulic circuits, brake release is automatically 
operated when pressure is delivered to the motor, so there is no need for external pilot 
pressure (fig.4a pag.18).  

In case of motors for closed loop hydraulic circuits, the brake requires a dedicated 
external pilot pressure to be released prior to motor operation (fig.4b pag.18)  

In closed loop applications, the parking brake must be fully released before motor 
is operated and during operations 

 

 

5. GEARBOX OPERATION AND MAINTENANCE 
 

5.1 GENERAL INSTRUCTIONS 

 
ATTENTION! 
Admissible oil temperature range (working conditions): -20°C / +90°C (-4°F / 
194°F) 
Gearbox must be immediately stopped and cooled down if oil temperature 
reaches +90°C (194°F) 
 
All maintenance activities must be performed under safety conditions 
 
 The gearbox is supplied without oil. 
 The routine maintenance includes only the regular substitution of the oil. 
 Do not mix different types of oil. 
 Use the following Table 6 for maintenance intervals of the gearbox. 
 
 
 
 
 
 
 
 
 
 
 
 
Maintenance intervals indicated in table 6 are based on standard working 
conditions. In case of intense working conditions or special environmental 
conditions, recommended maintenance intervals shall be discussed with PMP. 
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Table 6 Gearbox operation and maintenance 
Operation Interval 

Oil level control Every 150 operating hours of the gearbox 
First oil change   After 100 operating hours of the gearbox 
Regular oil change Every 1000 operating hours or 1 year 
First screw tightness control After the first 50 operating hours   
Regular screw tightness control Every 1000 operating hours   
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5.2 OIL FILLING 

 
ATTENTION: The gearbox is supplied without oil! Make sure to fill the gearbox 
with the appropriate oil quantity prior to operating it. 

For correct use of the unit, it is recommended to use the following oil type: 

    SAE 80W90 / API GLS 

The following Table 7 shows a list of suggested lubricants (for temperate 
climate): 
 
 
 
 
 
 
 
 
For oil-filling operation, follow the steps below: 
 
Respect the environment. 
Dispose in accordance to environmental laws 
 
 Step 1: Rotate the gearbox until the “OIL LEVEL” level plug, is set 

horizontally (see Fig.5a Page 23)  
The “OIL DRAIN” fill plug, must be above the level plug  

 Step 2: Unscrew the fill plug and the level plug (see Fig.5a Page 23)  

 Step 3: Fill the gearbox from “OIL DRAIN” fill plug.   

The oil quantity is sufficient when the oil reaches “OIL LEVEL” level plug.  

An indication of the approximate oil quantity needed to fill the gearbox is 
reported in the specific drawing provided with the drive  

 Step 4: Put the plugs with their washers back in place  

 Step 5: Run the unit and after few minutes check the oil level  

 Step 6: Top up with oil if necessary. 

 
5.3 OIL DRAINING 

 
For oil-draining operation, follow the steps below: 

Respect the environment  
Dispose in accordance environmental to laws  

 Step 1: Rotate the gearbox until the plug level, identify as “OIL LEVEL” is set 
horizontally (see Fig.5a Page 23).  
The fill plug, identify as “OIL DRAIN”, must be on the bottom 

 Step 2: In order to facilitate oil draining it is recommended to remove the oil 
level plug 
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Table 7 Suggested lubricants 

Manufacturers Oil type 

AGIP MP 
MOBIL HD 

REPSOL EP 
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 Step 3: Remove the drain plug and allow all the oil to flow out of the gearbox 

 Step 3: Refill the gearbox following the steps described on Page 22. 

 Step 4: Screw the plug on the cover and tighten it with the torque indicated in 
the following Table 8 

 
 
 
 
 
 
 
 
 

5.4 MECHANICAL DISENGAGEMENT 
 
PMCI drives can be supplied with mechanical disengagement, to allow towing 
the machine. 
 
The disengagement must be connected or disconnected only when the 
machine is fully stopped and blocked on flat ground.   

When the gearbox is mechanically disengaged, the brake and the motor are 
not operating on the final drive. Pay attention as the machine can move 
unexpectedly. 
 
Pay attention when performing the mechanical disengagement operation: 
some oil will flow out when removing the cover plug. 

 
For re-engagement operation, follow these steps. 

Step 1: Unscrew the plug from the cover using the appropriate wrench. 

Step 2: Tighten an M6 screw in threaded hole on the sun gear of the low torque 
planetary stage (Fig. 6 Page 24) 

Step 3: Remove the sun gear 

Step 4: screw the plug on the cover and tighten it with the torque indicated 
in the following Table 8. 
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Table 8  Tightening torque table 

Plug Key  Torque  

M55 22 150 Nm 

M90 22 190 Nm 
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 For re-engagement operation, follow these steps: 

 Step 1: Unscrew the plug from the cover using the appropriate wrench. 

 Step 2: Insert the sun gear of the low torque planetary stage back into 
position, aligning gear teeth. 

 Step 3: Screw the plug on the cover and tighten it with the correct torque. 

 Step 4: If necessary top in with lubricant. 
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