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BHEL Bhopal
Procedure for Tube Sheet & Baffle Drilling of Heavy Date:05.09.2024
Water process Heat Exchangers-34MW DHRUVA, TROMBAY RevisionNo.:02

1. GENERAL
1.1 This procedure establishes the requirements for the Procedure qualification & Production drilling of

tube sheet and Baffles.
1.2 Production drilling shall be taken up only after successful completion of procedure qualification, duly

accepted by BHEL & BARC (QA).
1.3 Tube sheet drilling shall be done on a CNC deep hole drilling machine while baffle drilling can be done

on CNC drilling machine
1.4 All measurements shall be recorded in proper formats.

2. PROCEDURE QUALIFICATION OF TUBE SHEET DRILLING (Bottom & Top TS)

2.1 Following are the requirements for the qualification Block

Item Requirement

Material Same as tube sheet material, heat treatment
condition, NDE examinations.

Thickness Equal to Tube sheet Thickness
Surface Flatness Shall be within 0.5 mm, under clamped condition
Surface finish Same as tube sheet -material

2.2 Drilling Machine Setting
2.2.1 Channel side (front face) shall face the M/C tool (drill) side, so as to start drilling from the
Channel side surface.
2.2.2 Set the mock block or DOB (Drilling Qualification Block) suitably clamped.
2.3 Drilling
2.3.1 Drilling shall be done as per approved test block layout drawing (attached as drg no.
41650340382 on page no.8) and machine shall be programmed accordingly.
2.3.2 Drawing of test block with holes’ layout, holes identified with respect to machine, spindles, and
spindle combinations, in case of multi spindle machine, shall be prepared prior to drilling.

2.4 Nos. of Holes
Minimum 50 holes shall be drilled for Operator and Machine qualification per spindle as per test block

tube hole lay out to establish drilling parameters. Drilling parameters shall be recorded. Another 25
holes to be drill to qualify additional single operator on the same machine.

Page 1 0f9
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2.5 Examination
Following examinations shall be carried out:
Item Requirement Acceptance
Measurement of Hole size Standard

Hole 100% holes 3mm from both faces. As per drawing of mockup test block
Size

Go gauge check for full length & NOGO | Go gauge should enter and No go gauge

gauge check for all holes from both ends. | should not enter the hole
Ligament 100% ligaments shall be checked at front| As per drawing

and rear face sides
Drift 100% holes by optical tooling at rear w.r.t.| As per drawing

front side.
Visual 100% holes by Visual examination Hole surface shall be cleaned properly
examination
Surface 100% holes finish by finish tester or As per drawing requirement
finish of comparator
tube hole
Hole 100% holes position shall be measured at | As per drawing requirement
position front face.

Note: Above qualification shall be applicable for both top and Bottom Tube sheets.

3. TUBE-SHEET DRILLING
3.1 Tube Sheet Condition
Just prior to drilling stage, Tube sheet condition shall be as per approved manufacturing procedure /

QAP.
3.2 Drilling

3.2.1 Drilling shall be carried out on qualified machine by qualified operators.

3.2.2 Tube sheet shall be set/clamped on drilling machine Suitably to carryout drilling operations

3.2.3 Suitable measures shall be taken to ensure that Tube sheet setting is not disturbed during
drilling.

3.2.4 Drilling sequence and machine setting parameters shall be as per drilling program established
during procedure qualification. CNC machine drilling program/sequence shall be
checked/verified before drilling on the job as per sketch 1. However, drilling sequence may
change for effective utilization of machine without compromising of quality of work.

3.2.5 One hole shall be drilled on the test block set along with the tube sheet before starting the

shift and during the event of any change in conditions (i.e. change of drill, change found during
in process checks on hole diameter, finish, ligaments by visual examination and go-no-go
gauges) and only after ensuring acceptable hole quality, drilling on the production job shall be
taken up.

Page 2 of 9
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3.2.6

recorded for acceptable quality parameters limit.

3.2.7

measurements recorded.

3.2.8

The first hole on the job at the beginning of the shift shall be examined, measured and
In addition, at regular intervals during drilling operation, hole shall be inspected and

Whenever a drill bit is replaced, the first hole shall be checked for compliance. Reground tools

can also be used. Record shall be kept on the status of each grinded tool in Log book.

3.2.9

Drill bit/Drill shall replace as per drill manufacturer’s recommendations or as and when limits

for hole dimensions are reached during in the inspection process, whichever falls early.

3.3 Following documents shall be prepared for the tube sheet drilling process
3.3.1 Annexure -1 Record of qualification as per clause 2.1
3.3.2 Annexure-2 Measurement and record note as per clause 2.5.

3.3.3 Annexure-3 Record of drilling sequence, CNC Program no., drilling cutting parameters (Feed,
RPM) as per clause 3.2.4.
3.3.4 Annexure-4 Record of holes as per clause no. 3.2.5 and clause no.3.2.7.

3.4 Examination
Following examinations shall be carried out on drilled Tube sheet:

Item Requirement Acceptance Standard
Hole size 3% of total holes referred as “Controlled holes/ | As per approved drawing
reference holes” selected at random by BHEL(QA).
Shall be recorded by internal micrometer.
* In case of nonconformance of controlled/reference
holes wrt specified diameter, an additional six
percent (6%) of the holes shall be subjected to
dimensional verification to ascertain conformance to
the specified diameter. If any of the additional
inspections yield non-conforming results, a 100%
dimensional measurement of all holes using a
micrometer may be carried out.
100% holes of Tube sheet shall be checked with GO | Go gauge should enter and No
Hole gauging gauge for full length & NOGO gauge from both ends. | go gauge should not enter the
3% control hole size to be recorded hole.
Ligament 100% holes to be checked by ligament gauge, 3%| Approved drawing,
control hole size to be recorded
Drift All reference/controlled holes and all | Approved drawing
nonconformance holes at rear w.r.t front side.
Visual 100% holes by Visual Examination. Inspection  for any dent,
examination incomplete hole, hole surface
cleanliness.
Hole position | 3 % of total _holes _referred as “Controlled holes/ | As per drawing requirement
reference holes.

i
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Surface finish | All reference holes by  Surface finish | Approved drawing
measurement | tester/comparator method and at front & rear ends
of holes.

Note:
a. “Reference holes” to be selected by BHEL(QA), shall in a manner representing total tube sheet drilling.
b. Required hole size for tube sheet shall be achieved in single step drilling process.

3.5 Special Occurrence

If abnormalities like vibration, loosening of clamping, drill breakage etc. are noticed, drilling shall be
stopped and the affected hole(s) shall be evaluated. Drilling shall proceed only after a satisfactory
drilling of a hole on the test block and BHEL (QA) clearance.

4. PROCEDURE QUALIFICATION OF BAFFLE DRILLING
4.1 Qualification Block
Following are the requirements for the qualification Block:

Item Requirement
Material Same as Baffle material including heat treatment condition, NDE examinations, etc.
Thickness The number of plates, in a stack, used in procedure qualification, shall be the

maximum permitted during production drilling

Surface Flatness Shall be within 1mm , Under clamped condition.

Surface Finish of hole | Same as baffle (3.2 Micron)

4.2 Drilling Machine Setting

4.2.1. Setting of baffle plates on machine and clamping arrangements shall be done suitably to
prevent buckling of the baffle plate before/during drilling.

4.2.1 Each of the plates in such a stack shall be punch marked suitably with respect to drill side face and
plate sequence number in drilling direction, stack identification number so that baffles, from the
same stack can be installed in the same sequence and facing, in the heat exchangers such that
tubes can be smoothly inserted in the drilling direction.

4.3 Drilling

Drilling shall be done as per approved sequence and machine shall be programmed accordingly. Drilling
area of block should be divided into 4 quadrants and prepare the annexure indicating the direction of
drill bit movement in separate sketch. (Sketch-1)
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SKETCH-1 '_CLAUSE No. 4.3

DRILLING SEQVENCE:—

Ist QUAD =——=—IIIrd QUAD.———s= [Ind QUAD.—= IVih QUAD.

Sketch 1. Drilling Direction & sequences
4.4 No of holes

Minimum 50 holes shall be drilled for both Operator and Machine qualification per spindle as per
test baffle plate tube hole lay out to establish drilling parameters. Drilling parameters shall be
recorded. Another 25 holes per spindle shall drill to qualify another single operator on the same
machine.
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4.5 Examination

Following examinations shall be carried out:
ltem Requirement Acceptance Standard

Hole Size 100% holes As per drawing
Go gauge check for full length & NOGO | Go gauge should enter and No go
gauge check for all holes from both ends. | gauge should not enter the hole

Ligament 100% ligaments shall be checked at front | As per drawing
and rear face sides by GO-NOGO- ligament
gauge
Hole position 100% holes shall be measured As per drawing
Visual examination 100% holes Hole surface shall be cleaned
properly
Surface finish 100% hole finished shall measure by Finish | As per drawing requirement.

tester or c comparator

5.0 BAFFLE DRILLING
5.1 Condition
Just prior to drilling stage, Baffle condition shall be as per approved manufacturing procedure /QAP.
5.2  Drilling
5.2.1 Drilling shall be carried out on a qualified machine by qualified operators.

5.2.2 Baffle Stack shall be set in a suitable position on machine. Stacking of baffles shall be done as per
the qualification block (Attached as Drawing no. 41650340383 at page no. 9) used in qualification
of baffles drilling process. Maximum stack size can be only 10(ten) baffles per stack.

5.2.3 Drilling sequence and machine setting parameters shall be as per drilling program established
during procedures qualification. CNC machine drilling program/sequence shall be checked and
verified for before drilling on the job.

5.2.4 Thefirst hole on the job at the beginning of the shift shall be examined, measured and recorded for
acceptable quality.

5.2.5 In addition, at regular intervals during drilling operation, hole shall be checked, inspected and
measurements recorded.

5.2.6 Whenever a drill bit is replaced, the first hole shall be checked for compliance. Reground tools can
also be used. Record shall be kept on the status of each drill bit in Log book.

5.2.7 One hole shall be drilled on the test block set along with the Baffle Stack before/after the shift and
during the event of any change in condition (i.e. change of drill, change found during in process

Page 6 of 9
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check on the hole diameter, finish ligaments by visual examination and go-no-go gauges) and only

dfter ensuring acceptable hole quality, drilling on the production job shall be taken up.

5.3 Examination
Following examinations shall be carried out on drilled Baffles:

Iltem Requirement Acceptance Standard
Hole Diameters of at least 3% of total holes (but not less than 5 holes | Approved drawing
Diameter /baffle) referred as “Controlled holes/ reference holes” shall be

measured and recorded.

** In case of nonconformance of controlled/reference holes wrt

specified diameter, an additional six percent (6%) of the holes

shall be subjected to dimensional verification to ascertain

conformance to the specified diameter. If any of the additional

inspections yield non-conforming results, a 100% dimensional

measurement of all holes using a micrometer may be carried

out.

100 % holes shall be checked with GO gauge & NOGO gauge. Go gauge should enter
Gauging 3% control hole size to be recorded and No go gauge should
not enter the hole

Ligament 100% holes to be checked by GO-NOGO- ligament gauge. 3%| Approved drawing

control hole size to be recorded
Visual 100% holes Inspection for any dent,
examination incomplete hole, hole

surface cleanliness.
Surface 100% hole finished shall measure by Finish tester or comparator | As per drawing
finish requirement.
Note:
a. “Reference Holes” to be selected by BHEL (QA) in a manner-representing total Baffle drilling.
b. Required hole size of baffles shall be achieved in single step drilling process.
5.4  Special occurrence

If abnormalities like vibration, loosening of clamping, drill breakage etc. are noticed, drilling shall be
stopped and the affected holes shall be evaluated and reported for clearance. Drilling shall proceed
only after a satisfactory drilling of a hole on test block and purchaser or his authorized agency’s

clearance.

e
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613057/2024/HEP-HCM21100 Anpexure A Date: 28.09.2024

Points for technical compliance for Drilling of baffles of Heavy Water Heat Exchanger BARC,

1. écope of Work: Drilling baffles for tube holes for Heavy Water Heat Exchanger BARC on labor basis as
per the drawings (drg no:1-6583-40920 Rev01), Drilling procedure and QAP requirements, Important
details of work are given below: -

a. 8245 nos of tube hole per baffle as per drawings

b. 12 nos pftie rod holes per baffle as per drawing,
2. Some critical Job Specifications:

a. Tube Hole dia. 9.96"% 'mm.

Nos, of Hole/ T'S: 8245

Positional Accuracy: 0.1 mm

Hole finishing: 3.2 Micron

Baffles thickness: 16 mm )

Baffle platc material: SAS16GR70.

. All the tube holes and tie rod holes shall be rounded off to a radius of 1.6-2.0 mm on the both the sxde

3. MA TERIAL: BHEL will free issue the ready to drill material for baffle plates & and mock block to.the
vendor '

4. Al acceptance norms shall be as per respective haffles drawing, drawmg notes and BHEL QAP AH
the dimensions shall be maintained as per drawings,

5. Quality spection at vendor’s place by BHEL QA /BHEL appointed Third Party lr&specﬂon(TPi) agenay
and documents will be reviewed by BARC QAP

6. Drilling procedure and qualification need to be established on Moek block by the bidder as per the
drilling procedure document no. 12010515459/2024/HEP/HCM-01, and the same has to be witness by
BHEL QA and review by BARC QA. :

7. The mock up plates shall be returned to BHEL without tying any commercial value to it. o

8. Bidder shall fulfill the requirements of PRE-QUALIFICATION REQUIREMEI\T (PQR) document fori™ s

 baffles plate drilling of Heavy Water Heat exchanger, BARC. .

9. Scrap generated. shall be retained by the vendor at the BHEL standard serap rate and the same shali be
deducted at supplier bill along with applicable taxes. : e

16. Both ways transportation shall be in vendor’s scope.

11. ltem to be well packed, dust free and with proper identification tags.

12. Drawing Revision before execnting the order. supplier should wnﬁrm the revmon status of Drawmgs,, _' L3k
QAP and Dnlimg Procedure from BHEL Bhopal. '

Q’?FP?
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613057/2024/HEP-HCM21100
PRE-QUALIFICATION REQUIREMENT(PQR) FOR BAFFLES PLATE DRILLING OF BARC -34MW

Heavy Water Heat Exchanger

20/45

Date:28/09/2024

S.No.| DESCRIPTION Requirement Bidder’s Response
1. | Traders / agents are not allowed to e Manufacturers/vendors who are owners | YES / NO — Bidder to submit
participate of at least one in house CNC drilling | undertaking clearly stating
Machine or CNC deep Hole drilling | they are not trader.
machine facility are allowed to quote.
e Offers of parties who are traders,
authorized dealers and third parties
would not be considered.
2. Details of past experience in Drilling of | PO Copy & Job Completion Vendor to confirm & provide
baffle plates of similar naturc including | Certificate/any document mentioning invoice/ any corrclated
job executed OR under progress, in the | successful completion of Job/mail documents and link PO copy
last five years from date of issuing | mentioning Job Completion with
enquiry. No exemptions shall be given to | Dimension.
MSE /Start up enterprises in technical
evaluation of PQR.
3. In house facility of CNC Drilling Shall produce the job as per attached drg. | Vendor to confirm
Machine suitable for Drilling of CS no. 11650340920, R-01, drilling suitability/capability/assurance
baffle of holes procedure & QAP. of machine as per job
e Baffles Hole dia. 9.96""' mm and 16 requirements.
mm depth (min. or higher) &
accommodating Job with Outer Tube
Limit (OTL) 1587.7 mm.
e Positional accuracy: £0.1mm(within)
o All the holes shall be rounded off to a
radius of 1.0-2.0 mm on the both the
side.
3.1 Make Vendor to Specify
3.2 Quantity Minimum 1 No. Machine Required Vendor to Specify and
confirm
33 Capacity X Axis(Horizontal) Minimum 2500 mm. Vendor to Specify & Confirm
34 Capacity Y Axis(Vertical) Minimum 1800 mm. Vendor to Specify & confirm
3.5 Capacity Z Axis(Axial) Minimum 200 mm. Vendor to Specify & confirm
3.6 Accuracy (Positional & Repetitive) Positional accuracy: £0.1mm(within) Vendor to furnish latest
Calibration report.
4.0 Pre-requisite a. CNC drilling Machine or CNC deep Vendor to confirm that which

Hole drilling machine.

machine he will use

b. Fixture for mounting the job

Vendor to Note

d. Internal Micrometer for Hole size
measurcment /dial gauge.

Vendor to confirm

e. Go-No-Go Gauge

Vendor to confirm

f. Ligament Gauge

Vendor to confirm

e
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613057/2024/HEP-HCM21100
PRE-QUALIFICATION REQUIREMENT(PQR) FOR BAFFLES PLATE DRILLING OF BARC -34MW

Heavy Water Heat Exchanger
Date:28/09/2024

5.0 Certification All machines and Instruments used Vendor to confirm

should have valid calibration certification
by NABL accredited agency.

Note:

a.

After satisfactory, fulfilment of the all the above criteria/requirement, offer shall be considered for
further evaluation as per NIT and all other terms of the tender.

b. All documentary evidences along with this PQR shall be duly signed and stamped by authorized
person.
c. BHEL reserves the right to verify the information submitted by the vendor. In-case any
information is found to false or incorrect the offer shall be rejected. Moreover, in later stages after
placement of Purchase order if any information given by Vendor found false /incorrect then
BHEL may take any action against the vendor as per BHEL policies and guidelines.
d. After successful qualification against PQR, credentials shall be submitted to BHEL/BARC for
approval. Consideration for the placement of order is subject to technical compliance of BARC
requirement and BARC approval to vendor.
e. BHEL will assumed that vendor has understand & have full clarity of all our technical
requirement.
Prepared by checked by Approved by
JoGi sy A S h‘C@ '
TR AT/ HARIAN MEENA e ) N
WHUS / Manager YE. YA fNT/ HCM Division TH r@rcﬁ/ S. S. MADAV]
qu LT, AT/ HCM Division B e 9, o . Do
Qqu{ ., WY / BHEL, BHOPAL LT M/ BHEL, B OPAL
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