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1- Materiel

1.1) Girth gear 35 CrtNiMo6-6  Material No. 1.6579  EN 10293-2005
1.2) Pinion 30 Cr [ Have 8 Material No. 1.6580 EN 10269
2- Casting:

2.1) Gear and Pinion Material as specified above.

2.2) Product identification shall be carried out on each cast segment which must Include:
a- Manufacturer's Job Number.

b-Manufacturer's logo. - Drawing Number.

d- "e" to identify the cope side of casting.

e-Foundry heat/melt number formed into the mould.

f-Foundry logo.

g- Identification shall be placed where it will not be removed at machining.

3-Chemical analysis

3.1) The foundry during the melting process shall control the chemical analysis of the gear material: This is

to ensure the desired mechanical and hardness properties are achived.

3.2) A material sample must be taken from the laddel/s just prior to pouring and from the test bars on the

casting after knockout.

3.3) A chemical analysis certificate shall be provided by the manufacturer (Foundry). This analysis shall be
performed by a suitably calibrated spectrograph.



4- Microstructure
4.1) A microstructure preparation and examination must be undertaken on a sliced section of each test bar.

Care shall be taken to ensure burning does not take place when cutting, which can impair the microstructure.
It is then fine polished and etched for viewing under suitable magnification.

4.2) The assessment of microstructure shall be in accordance with the relevant DIN or ISO standard for the
material of Girth gear and Pinion (materials 1.6579 and 1.6580).

4.3) A certificate of microstructure shall be provided by the Foundry (manufacturer). The content of the

report shall include:

4.3.1- The product heat/melt number.

4.3.2- The manufacturer job number.

4.3.3- The structure of the matrix.

4.3.4- The magnification by which the microstructure was viewed at.
4.3.5- Name of the person analysing the microstructure.

4.3.6- A photo of the actual microstructure of each sample specimen.
5- Foundry Fettling

5.1) All sharp edges, projections and surplus appendages (flash, ingates, risers, scabs etc.) are to be removed
and ground smooth. Any risers or large areas of metal that need to be removed must be adequately cut prior

to knocking off to prevent damage of the castings.

5.2) Filleted areas between the inside rim and body and webs are to be ground smooth if they have any

scabbing, laps or uneven surfaces.

5.3) All surfaces shall be sand or grit blasted on all surfaces prior to any ultrasonic testing. The blasting

process is also to be completed after any heat treatment to remove any subsequent scale.



6- Mechanical Testing

6.1) Following tests shall be carried out on test specimens:
6.1.1- Tensile test to identify the ultimate tensile strength.
6.1.2-Yield point.

6.1.3- Elongation.

6.1.4- Reduction of area.

6.1.5- Impact energy (charpy "V" test).

7- Material Test Standard

7.1) All tests and chemical analysis of test specimens shall be carried out as per
EN 1024 3.1 B

or DIN 50049 3.1 B Standards.

8- Hardness Testing

8.1) Hardness testing shall be performed in accordance with the ISO 6506-1 for the metallic Materials-
Brinell hardness test.

8.2) Hardness equipment to be used is direct Brinell measuring method.

8.3) Hardness test locations in the as cast condition shall be conducted on the inside rim located 25 mm to
100mm from top face of both cope and drag sides.

8.4) Other hardness test locations are:

8.4.1-The outside rim between chill locations and not on the chills (Because this will result in a distorted
reading for the overall hardness of the casting).

8.4.2- The bolt up flanges of each girth gear half.

8.5) Hardness tests report shall include (as a minimum) the following information:
8.5.1-Casting heat/melt number.

8.5.2- manufacturer job number.

8.5.3- Test date.

8.5.4- Actual hardness results.

8.5.5- Hardness range.



8.5.6- Compliance/noncompliance to specification.

8.5.7- Personnel completing the last. The final hardness test report on the proof machined (rough machined)

onsting is the controlling and nocepted hardness for the gears.

8.6) Areas for hardness testing in the as cast condition are to be ground down to a minimum of 3 mm deep

prior to testing in order to remove the surface skin which can give a faiso rending.
8.7) Test intervals for hardness mensurement of gears aro:
8.7.1- At the as cast stage, Prior to heat treatment or machining.
8.7.2- After any heat treatment (where applicable).
8.7.3- After machining (either proof machined or finished machined).
9- Tensile Testing

9.1) Tensile testing to be carried out in accordance with DIN ISO 6892 standard. Gears shall have a tensile

test carried out from integral test blocks as cast and heat treated with the product.
9.2) Size of test blocks is defined by the relevant DIN ISO standard
9.3) Location and test block type shall be determined by the manufacturer.

9.4) Tensile tests shall be carried out by accredited laboratories. A certificate of results shall be submitted to

client (Main manufacturer and end user of gears). The Certificate shall include the following:
9.4.1- The testing authority

. 9.4.2- Casting heat/melt number.

9.4.3- manufacturer's job number.

9.4.4- Test date.

9.4.5- Ultimate tonsile strength.

9.4.6- Proof stress.

9.4.7- Elongation.



Y 9.5) Acceptance criteria for tensile strength, Proof strength and elongation are in accordance with DIN 150
6892 or ASTM equivalent standard.

9.6) Failure of a test bar to the specification will require a re-test to be undertaken in accordance with the
above DIN ISO standard.

9.7) where subsequent test bars still fail to meet specification, then an engineering evaluation shall be
undertaken.

10- Ultrasonic Testing.

10.1) Ultrasonic testing shall be performed on all as cast gears to ensure integrity of the casting prior to
further heat treatment, machining or gear cutting operations

10.2) Ultrasonic inspection shall be carried out as described in "Stahl-Eisen-Priifblatt 1922",
10.3) Test class 1 shall apply for severity levels 1 to 4. and test class 2 for severity level 5.
10.4) The testing personnel shall be experienced in Ultrasonic testing of heavy section steel castings.

10.5) Ultrasonic equipment to be used should be a calibrated Sonatest 330 (Master scan) or Krautkrilmer
USN 60 SW or equivalent.

10.6) Testing probes must be calibrated longitudinal 1 MHZ or 2 MHZ with the option of angle probes being
utilized to ensure all relevant areas of castings are scanned.

10.7) Ultrasonic test intervals are:
10.7.1- In the as cast stage.
10.7.2-After proof machining.

10.8) The areas to be examined by ultrasonic are 100% of the areas indicated in figure 1 plus 100% of the
mating flange of each gear half.

10.9) Surface finish for ultrasonic testing on a machined surface must not exceed 6.3 um Ra roughness.

10.10) Ultrasonic testing rules are in accordance with DIN 1690 Part2 with the standard designations for
different severity levels.

10.11) The different severity levels of testing areas are shown in figure below (figure 1).
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10.12) For requirements regarding the maximum permissible values for features of indications in the case of
Ultrasonic inspection as in "Stahl-Eisen-Priifblall 1922", refer to table 3 of DIN 1690-Part2 for deferent

Severity levels shown in "figure 1"
10.13) Acceptance Criteria for ultrasonic results shall be in accordance with figurel. Any indications which
are equal to or greater than the "DAC" (distance amplification curve) in the quality level is to be recorded as

not complying with this specification. A reflection equal to or greater than 6 mm flat bottom hole or a
reduction in back wall echo of 20db or greater shall be the criteria used in mapping discontinuities.

10.14) Ultrasonic test certificate shall include (as a minimum) the following information:



10.14.1- Casting heat/melt No.

10.14.2- Manufacturer's job number

1014.3-Test date

10.14.4- Results of ultrasonic test including compliance or non compliance.
10.14.5-Personnel completing the test

10.14.6- A map of any nonconforming areas shall be provided which includes: - a traced or scaled outline of
all areas. - its position and size relative to the casting. - length by width dimensions. - depth below the surface

and thickness.
11- Visual inspection.
11.1) Visual examination of surface quality of Gear halves and Pinion shall performed in as cast condition.

11.2) Visual testing shall be performed on all areas of the castings to ensure freedom of surface
discontinuities such as dross or inclusions on them.

11.3) Surfaces are to be clean prior to inspection e.g. free of loose sand or scabbing and appendages

removed.
11.4) The testing personnel must be experienced in visual inspection of castings

11.5) The visual inspection method is based on ASTM A 802/802 M-89 or ISO 11971: 2008 E.
11.6) The casting areas where the surface is to be examined is indicated in figure 2.

11.7) Different surface examination zones are identified in Gear tooth figure 2.
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Non Critical Zone

None Permitted

None Permitted

3 mm Max. Depth

16 mm Max. Length
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Note: Depths may need to be determined in conjunction with other test methods ie:
Ultrasonic.

Defects of greater size than specified are acceptable on "as cast" surfaces where it is determined the
defect will be completely removed upon completion of proof machining. Defect clusters [defined as
four or more defects of size smaller than the acceptance criteria (table 1) but within an area of S0x50
mm) are deemed non acceptable and are to be reported to '""Shahrood cement company" and the main
supplier.

11.9) Other surface features of castings shall have the following quality levels identified in ASTM A802
and the (SCRATA) comparator samples.

1- Surface texture level 3
2-Inserts Ievel 3

3- Expansion Discontinuities level 2
4- Metal Removal Marks level 2

11.10) Comparators for definition of am features are also shown in ASTM A802/A802 M Standard.

11.11) Grinding of surfaces to blend out defects may be undertaken providing they do not exceed the
depths stated in table 1.

The defects shall be ground out and smoothly blended, in order to prevent the possible propagation of

cracks.

11.12) Welding is not allowed on surfaces identified as "critical" and "subcritical" Zones in 'figure

2",

11.13) For non critical zones with defect size mentioned in table 1, welding is allowed only if after fine
finishing of defect and (M.T) and (U.T) of defect area, no presence of under surface defects is proved.

Note that the grinding depth shall not exceed the depth of the defect shown in table 1.

11.14) All rules and surface quality requirements for Pinion (in as cast condition) is the same as Girth

gear, considering the outer surface and hub as critical and side (lateral) surfaces as Sub critical zone.

11.14-1) Girth Gear Surface quality must be Visually checked (by Customer representative) Prior to

painting.
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11.15) A visual inspection report shall be provided where areas are found that does not comply with
the acceptance criteria in section (11.8) and (11.9) the report content shall include (as a minimum) the
following information.

11.15.1-Casting heat / melt number.

11.15.2-Manufacturer's job number.

11.15.3-Test date. 11.15.4- Personnel completing the test.

11.15.5- Results of the test including compliance or non compliance.

11.15.6- A sketch or map of all nonconforming areas including the sizes and locations.

12- Magnetic Particle Testing (MT)

12.1) Magnetic particle testing shall be done in accordance with Din 1690-Part 2 or its equivalent by
ASTM A903/A903 M 12.2) All testing must be employed along with a 100% visual examination of the
casting to detect surface discontinuities in following areas

12.2.1- All filleted areas of the gear (Cope and drag side)

12.2.2- Mating flange of gear halves and the gear rim.

12.2.3- Bolt connection of gear to the tangent plates.

12.2.4- The finished gear teeth after final gear cutting in the machine shop.

12.3) The magnetic particle testing (MT) shall be performed by

12.3.1- As cast areas mentioned in section 12.2 wet color contrast visible method.

12.3.2- finished gear teeth- wet fluorescent method.

12.4) Equipment used for examination shall be calibrated as per ISO 9001-2000.

12.5) The testing personnel must be experienced in magnetic particle examination of gears.

12.6) Magnetic particle test areas are on:

12.6.1- Any surface defects found. (after 100% visual inspection).
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12.6.2- The filleted areas at cope and drag side of gear halves and mating flange as well as bolt
connection areas of gear to tangent plates and the gear rim.

12.6.3-on machined gear teeth.

12.7) Magnetic Particle test in as cast condition to be completed after fettling of the casting. Surplus
material such as ingates, fins, risers and loose sand must be removed prior to testing.

12.8) Acceptance criteria and defect size evaluation for magnetic particle testing considering the
severity level 1 for mating flange and level 2 for other areas mentioned in section 12.6 shall be in
accordance with DIN 1690 Part2. or its equivalent ASTM E125 Maximum permissible indications in
the case of magnetic particle testing as in Stahl-Eisen-Priifblatt 1935 (reference area 105 mmx148 mm,
corresponding to size of A6 as in DIN476) is shown in table 1 of DIN 1690 Part2 for different severity
levels.

12.9) Failure to meet the specified Magnetic particle criteria shall be reported to main supplier and
the customer (Shahrood Cement Co.) by the subcontractor.

12.10) Grinding surfaces to blend out defects such as dross or laps may be undertaken providing it
does not exceed 6mm in depth on as cast surfaces. Deep grinding (over 6mm) which may affect the
structural integrity of casting is not allowed.

12.11) Defects which will be removed at machining do not need to be reported providing it is clearly
ascertained that the defect's will be completely removed during this operation. The extent of the
defect's may need to be established in conjunction with ultrasonic inspection, in order to establish that
the defect will be removed.

12.12) Grinding on machined surfaces to remove discontinuities is not allowed.

12.13) The magnetic particle test certificate shall include (as a minimum) the following information:
12.13.1- Casting heat/melt number.

12.13.2-Manufacturer's job number.

12.13.3- Results of test including compliance of or non compliance.
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12.13.4-Personnel completing the test.
12.13.5- A sketch of any nonconforming areas showing its position and size if they were unable to be
satisfactorily ground.

13- Dimensional Inspection on Castings (Foundry). 13.1) Dimensional Inspection shall be completed on
castings at the following stages:

13.1.1- After knock out (to determine adequate machining allowances and establish the contraction
amount that has taken place particularly with respect to half gears where contraction amounts can
vary depending on the shape and size of the gear).

13.1.2- After Heat Treatment (to determine if any dimensional changes have occurred due to the heat
treatment performed).

13.1.3- After final machining and gear cutting to establish that specified requirements have been
achieved (This stage shall be completed by the machine shop).

13.2) Dimensional inspection on unmachined castings shall be performed on all major dimensions eg,
outside diameter, inside diameter, inside rim diameter, etc.

13.3) The personnel completing the dimensional inspection (before and after heat treatment, and after
machining) shall be trained and experienced in the measurement of gears and familiar with the
interpretation of engineering drawings.

13.4) A dimensional report after heat treatment shall be provided from the sub contractor and shall
include the following:

13.4.1- Casting heat/melt number.

13.4.2- Manufacturer job number.

13.4.3- Inspection date.

13.4.4- Personnel Completing the inspection.

13.4.5- The specified dimension as taken from the drawing.

13.4.6- The actual dimension measured.

13.4.7- Actual machining allowance on each surface/ dimension.
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13.4.8- The drawing reference number.

13.4.9- A statement of compliance (or separate certificate of compliance)

13.5) Acceptance criteria shall be as per the drawing.

13.6) Failure to meet the specified drawing will require further engineering evaluation to be
completed.

14- Heat Treatment

14.1) The heat treatment for the casting shall be performed to obtain the necessary hardness and
physical properties.

14.2) The layout of 1/2 gears in the furnace shall be prepared by the responsible party/subcontractor
including thermocouple and packing placement and approved and by the main manufacturer /
Foundry.

14.3) The heat treatment cycle required to be determined by the subcontractor, established in writing
and submitted to main manufactures/Foundry.

14.4) In heat treatment cycle the heating up rate shall not exceed to 60° C/hr.

14.5) In heat treatment cycle the cooling down rate shall not exceed 50° C/hr.

14.6) Heat treatment graphs (curves) of gear and pinion shall be submitted to the main
supplier/manufacturer by the responsible party/subcontractor.

14.7) The hardness of gear shall be within (280-300) HB.

14.8) The hardness of Pinion must be (40) HB more than the gear hardness. ie. (320-340) HB. 5-
Machining and Gear Cutting

15.1) The requirements for machining and gear cutting shall be outlined in a separate inspection and
test plan by the machining responsible/subcontractor. The ITP shall contain all relevant operations
including hold and witness points.

15.2) The machine shop/subcontractor is responsible for recording all machined dimensions and

notifying the relevant test authority for any nondestructive testing which needs to be completed.
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15.3) Machining set up and method shall be to suit the requirements of the relative AGMA or DIN
levels.

15.4) Cope side of casting (gear) shall remain on the same common side during machining process.
15.5) Match marking of each joint flange of the gear is required.

15.6) Match marking of each fitted bolt (used for tightening of joint flanges) is required.

15.7) Spring check of the gear must be completed after rough machining and final machining. Final
spring check requires measurement taken axially, radially and at joint gap. Gear joint bolts are to be
tightened again to check joint gap measurement.

15.8) Final gear dimensions shall be measured and recorded. This includes but is not limited to:
15.8.1-Outside diameter.

15.8.2- Under rim diameter.

15.8.3- Rim thickness.

15.8.4- Jacking flange diameter.

15.8.5-Face width.

15.8.6-Joint thickness.

15.8.7- Size of joint fitted and clearance holes.

15.8.8- Mounting flange hole size (The holes that will be connected to the tangent plates when
mounling the gear on kiln shell).

15.8.9- Chordal dimension. of a.m holes.

15.9) Gear joint flange tightness to be measured and recorded. A 0.04 mm feeler guage to be used for
the measurement. Report is required.

15.10) Axial and radial run out shall be limited to 0.04 mm/m of gear diameter. Each measurement

station must be hard stamped with appropriate number. Report is required.
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16.1) Characteristics of the teeth is shown in table below:

pinion Girth Gear
Module Mn 26 26
Number of teeth Z 21 180
Normal pressure angle an 20 20
Helix angle B 0] 0
Pitch diameter D*o2 546mm 4680mm
Addendum, modification coefficient X 0.2 -0.2
Height of tooth 12.25 x mn 58/5mm 60mm
Quality and tolerance acc. To Din 3962 grade 8 Din 3962 grade 9
Basic tooth Profile Din 867 Din 867

Basic tool profile

Din 3972 Profile Il

Din 3972 Profile Il

Backlash

a) Profile form deviation "fr"

b) Profile angle deviation f HA

¢) Total profile deviation Fr

d) Individual pitch deviation fp

¢) Normal base pitch deviation f pe
f) Pitch error fu

g) Total pitch deviation Fp

h) Pitch-span deviation over 1/8 of periphery Fp"Z/B

i) Concentricity deviation Fr

j) Tooth thickness fluctuation Rs Shall comply with the relevant tolerances in tables of Din 3962- Part

1. Page 15 (for Normal module 25)

17




16.2) All deviation charts and graphs such as profile deviation, tooth lead deviation, involute profile

etc. shall be provided by the responsible party and submitted to main supplier/manufacturer.

16.3) Lead, pitch and profile are to be measured and recorded using suitably calibrated equipment.
Certified and traceable masters shall be employed. Pitch measurements are to be taken of every tooth.
Dimensions must meet the relevant DIN quality standard as specified in the drawing and this

specification. Computer generated reports are required.

16.4) Tooth surface finish shall be verified using appropriate measurement. Report required.

16.5) Joint hardware shall be supplied. Certificates for material type and quality. are required. Unless
otherwise indicated on the relevant drawing, 1x torque nut and 1x flexnut plus hardened washers shall

be supplied per stud. Fitted stud diameters to be measured and recorded. Certification required.

17- External inspectors.

17.1) Inspectors representing the clients must be allowed access to any premises for the inspection of
the gear and pinion in different stage of operations. It shall also be included on the relevant ITP to

ensure it is clear what operations the inspector will be associated with.

17.2) Witness and hold points as per the ITP require a minimum of 3 weeks notice prior to the event.

18-Surface Protection.

18.1) Machined surfaces shall be coated with a '"Shell Ensis'', "Tectyl 506" or similar material to
protect from corrosion. All teeth must be suitably covered with '""Denso Tape" or similar material to

prevent air and moisture from corroding the surface.
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19- Painting.

19.1) The paint system shall be specified in the contract and approved by the client (Shahrood Cement

Co.)

19.2) Abrasive blast prior to painting as per ISO 8501-1 class 2.5

19.3) Prime painting of the casting is required prior to dispatch from foundry to machine shop and is

to be applied within 4 hours of abrasive blasting.

20-Packaging.
20.1) Packaging shall be arranged to protect the casting after final gear cutting.

20.2) Timber packing shall be mounted to the gear to prevent damage to any machined surface. 20.3)
Sisalkraft 310 bitumen paper or an approved equivalent shall be used between timber and metal

surfaces to prevent corrosion.

20.4) Export packaging as per ISPM 15 compliant timber must be used. The timber must be stamped

appropriately and have a certificate of fumigation.

21-Final Book

A final book including all certificates, test reports, charts, graphs and reports of any engineering
action taken for test results in all manufacturing stages must be submitted to client (Shahrood Cement

Co.).
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