Indent No.20091863
Date:June 1, 2009
Specification for
Portable Automatic Ball Indentation System

1. The PABI system shall perform in-situ automatic ball indentation tests on the service exposed components like rotors, casings etc. as well as on small volumes of metals to measure the following mechanical properties 

i. Yield Strength

ii. Strain hardening coefficient (n)

iii. Strength Coefficient (K)

iv. Ultimate Tensile Strength

v. Fracture toughness (KJC)
vi. Hardness (BHN)
2. Details of the components whose properties are to be determined,  i.e. mechanical & physical properties are given in Annx.I. The vendor shall tailor the s/w & h/w to ensure proper correlation (within ± 5%) between values obtained by conventional testing,and, that by PABI method. Necessary samples of each of the grades mentioned shall be supplied by BHEL (if required). Supplier to indicate the quantity and size of samples required (if required).
3. The system shall consist of  a rugged steel frame (single column) with motor, backlash free ball screw nut assembly,load cell, LVDT, tungsten carbide ball indenter, base & suitable clamping arrangement. The system shall be controlled by a notebook computer, and, the entire operation from data acquisition to final result output, except mounting / positioning on the component surface is to be controlled by the computer.
4. The equipment shall be used solely at sites. Therefore, the components of the system (especially the electronics) should be such as to operate continuously at an ambient temperature of 50ºC, and the control cabinet (if separate) should have a sealing effectiveness conforming at least to IP 54. The equipment should be rugged enough & tropicalized to withstand wear and tear of site operation without failure. All external cables should be armored type to reduce wear & tear.  
5. The mechanical components of the system shall be as under:
i. Load cell: Precision type of 5 KN capacity, minimum in tension/compression with 150% safe operational range, non-linearity less than 0.2% FS, complete with signal conditioner.

ii. Z axis movement : 15-30 mm

iii. X axis movement (to allow shifting of indenter head without un-clamping of m/c) : 10-15 mm

iv. LVDT: Ultra precision type with sensitivity 2 microns max.

v. Indenter & holder: Precision tungsten carbide balls having diameters between 0.5mm – 1.57 mm. The indenter holder shall consist of a stainless steel rod threaded at one end for mounting to the load cell, with a stainless steel chuck at the other end to hold the indenter.

vi.  Cables between the instrument & notebook PC should be at least 10 meters in length.

vii. Grips / Clamps: These should be suitable for measurements to be carried out on components, whose part drawings are attached in Annex.II. In addition, the equipment should also be capable of  holding & testing small specimens of apprx. 30x30x30 mm size.
6. The minimum software capabilities of the system shall be as under:

i. Full computer control of the system in closed loop operation in load or displacement control mode.
ii. User selectable input of test parameters like grade of material being tested, number of cycles, total load, rate of loading/unloading, rate of data acquisition etc.

iii. During  performance of the test, online plot of load-deflection and how the actual plot matches the experimental plots (generated previously & stored in system) shall be shown.
iv. The data analysis shall be offline.

v. The analyses shall show:

1. All the mechanical properties (Cl.1) evaluated.

2. The number of unloading data and their slopes along with the respective R2 values.

3. By changing the number of unloading points it should be possible to get the best R2 fittings.

vi. Through s/w it should be possible to validate the PABI data with the conventional test data for all the parameters, which have been previously stored in the system.
vii. It should be possible to store the results obtained in user configurable files in the notebook, which shall be subsequently printed out in the laboratory.
7. The supplier shall provide free s/w upgrades, as & when they become available for  a duration of 3 yrs. from the date of commissioning.

8. The supplier should also indicate the charges  for characterizing additional samples (other than those given in Annex.II) over a period of 3 yrs.
9. The total equipment shall work off 220V, 50 Hz, AC supply.
10. The notebook computer offered with the equipment shall be of the latest branded industrial type, pre-loaded with MS Win XP & Office 2007, along with a CD/DVD R/W drive. Details to be given along with the offer. 
11. The supplier shall commission the equipment, demonstrate the total capability and accuracy of the equipment and train our operators in the usage of the equipment. This training shall be imparted for a minimum of 3 days. The location at which the capability of the system is to be demonstrated may either be in plant or at a site, to be mutually agreed between BHEL & the supplier.
12. Along with the offer supplier shall also quote for the following:

i. Tungsten carbide indenters of all sizes….. 

4 sets

ii. Load cell & conditioner….



1 no.

iii. LVDT with signal conditioner…


2 nos.
iv. UPS of suitable capacity for the PABI system & PC…. 1 no.
v. Any other components (especially electronic boards) felt necessary by the supplier for 5 years trouble free operation.
13. Along with the equipment the supplier shall provide 3 copies of the operational manual and detailed circuit diagram (where each component is properly identified) of the equipment.
14. Along with the equipment the supplier shall provide a CD/DVD with the software and also a backup copy of the software on CD/DVD.

15. The total equipment shall be guaranteed for satisfactory working for 24 months from date of commissioning.

16. The offer should be accompanied by a comprehensive technical brochure containing the full capabilities of the equipment offered, wherein all the points mentioned above should be addressed to avoid repeated correspondence.
Annexure -I

Chemical Compositions

	BHEL Specification
	Component
	
	
	
	
	
	
	
	
	

	
	
	C
	Si
	Mn
	Cr
	Mo
	Ni
	V
	
	

	HW 19476
	TG Shaft Forging
	0.28 max
	0.25 max
	0.40 max
	1.40-1.80
	0.30-0.45
	3.40-3.80
	0.15 max
	
	

	HW 19581
	Casting
	0.15-0.20
	0.60 max
	0.50-0.90
	1.20-1.50
	0.90-1.10
	
	0.20-0.30
	
	

	HW 19384
	Retaining Ring forging
	0.10 max
	0.80 max
	17.5-20.0
	17.5-20.0
	
	
	
	
	

	HW 19373
	LP Shaft Forging
	0.28 max
	0.07 max
	0.40 max
	1.40-1.80
	0.30-0.45
	3.40-3.80
	0.15 max
	
	

	HW 19371
	I P Shaft forging
	0.27-0.31
	0.10 max
	0.30-0.80
	1.10-1.40
	1.0-1.20
	0.50-0.75
	0.25-0.35
	
	

	HW 10786
	L P Blade forging
	0.17-0.22
	0.10-0.60
	0.30-0.80
	12.5-14.0
	
	0.30-0.80
	
	
	

	AA 10622
	High temperature bolt forging
	0.17-0.23
	0.40 max
	0.35-0.75
	0.90-1.20
	0.90-1.10
	
	0.60-0.80
	Ti :0.07-0.15
	B: 0.001-0.010

	HW 19386
	Creep resistant forgings
	0.17-0.25
	0.15-0.35
	0.35-0.85
	0.90-1.20
	0.65-0.80
	0.50-0.80
	0.25-0.35
	
	

	HW 19370
	HP Shaft forging
	0.27-0.31
	0.10 max
	0.30-0.80
	1.10-1.40
	1.0-1.20
	0.50-0.75
	0.25-0.35
	
	

	HW 19392
	LP Blade forging
	0.08-0.13
	0.10-0.35
	0.60-0.90
	11.4-12.5
	1.60-1.80
	2.20-2.80
	0.25-0.40
	
	

	HW 10572
	Casting
	0.18-0.23
	0.60 max
	0.50-1.20
	0.30 max
	0.12 max
	0.40 max
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Mechanical Properties

	BHEL Specification
	Component
	
	
	
	
	
	
	
	
	

	
	
	0.2% Proof Stress (N/mm2)
	Yield Strength

(N/mm2)
	Ultimate Tensile Strength

(N/mm2)
	% Elongation
	% Rdn. In Area
	Impact Strength (J)
	Hardness

(BHN)
	
	

	HW 19476
	TG Shaft Forging
	730-830
	
	1000 max
	15 min
	50 min
	100 min
	
	
	

	HW 19581
	Casting
	440 min
	
	590-780
	15 min
	40 min
	27 min
	
	
	

	HW 19384
	Retaining Ring forging
	1250-1350
	
	
	13 min
	50 min
	70 min
	
	
	

	HW 19373
	LP Shaft Forging
	700-800
	
	980 max
	15 min
	45 min
	100 min
	
	
	

	HW 19371
	I P Shaft forging
	550-700
	
	850 max
	15 min
	40 min
	24 min
	
	
	

	HW 10786
	L P Blade forging
	600 min
	
	800-950
	15 min
	50 min
	20 min
	280 max
	
	

	AA 10622
	High temperature bolt forging
	660 min
	
	820-1000
	15 min
	50 min
	82 min
	
	
	

	HW 19386
	Creep resistant forgings
	
	550-700
	700 min
	15 min
	40 min
	24 min
	
	
	

	HW 19370
	HP Shaft forging
	550-700
	
	850 min
	15 min
	40 min
	24 min
	
	
	

	HW 19392
	LP Blade forging
	785-930
	
	1130 max
	15 min
	50 min
	50 min
	330 max
	
	

	HW 10572
	Casting
	240 min
	
	420-600
	22 min
	40 min
	40 min
	
	
	

	
	
	
	
	
	
	
	
	
	
	


