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Special reprint from Power Magazine
Faster turbine alignment ends the outage that much sooner  

Alignment of large turbine/generators often lengthens the critical path during an outage. While many still swear by standard methods, others swear at them, and seek better ways. Laser-based alignment, promising in theory but difficult in practice, has been perfected in at least one case.   

By Cate Jones, Contributing Editor  

The tightwire method is still the most popular turbine-alignment technique, but it still poses plenty of difficulties. Collecting the data necessary to determine component position relative to the wire is long and tedious. Collection of tops-on data is nearly impossible·—for example, there is physically no way to access the center of an 18-in. bore to take readings without disturbing the wire running through the center. Tops on refers to data taken with the machine’s cover on. Yet the tops-on data, when properly analyzed, are important: They can reveal the component movement from the tops-on to the tops-off condition. 
The tightwire method requires adequately trained personnel with sufficient "feel" for accurate, repeatable readings. Ambient conditions, especially important for outdoor units, and the outage environment can affect readings, making data repeatability difficult. Errors are inherent in taking manual data, correcting them for wire sag, and then evaluating the results. Those skilled in the art swear by it. For many, however, the technique is not performed frequently enough to develop and maintain that necessary skill level. 
Two new approaches to this age-old task have been developed that have reduced outage times and led to more accurate and repeatable results. One is a laser-based method applied with results that make its proponents beam; another is an automated transducer-based method. 
New approach for lasers 
Many early users of lasers for turbine alignment eschew them because of poor reliability, accuracy, and long setup times. As with any alignment technique, the laser is a tool and proper use of the tool is critical. Because they present no physical impediment in the center of a turbine, lasers allow readings to be taken in areas difficult to access by workers with wires. Additionally, disassembly and removal of the lower-half diaphragms can proceed in parallel with laser readings, removing a critical-path constraint. 
Like other light sources, lasers can refract or bend. Aiming a beam of light at a discreet target can be affected by changes in atmospheric conditions. Thus, a laser that works great in a laboratory may not work well in the held. The light-sensitive target is the primary tool in locating the center of the laser beam energy. The operating principle of the target is to absorb the laser’s light, convert this energy to an electric current, and transmit it to a digital readout box. 
React Ltd, Mt Pleasant, SC. has developed a laser system with a target of four light-sensitive chips, or a “quad cell,” allowing the position of the laser beam to be measured in the vertical and horizontal planes. Each of the four silicone photodiodes generates current proportional to the amount of light energy received in its quadrant. Two opposing photodiode cells represent one axis (X-Y). When one of the two opposing cells receives more light energy than its counterpart, a representative current is sent to the digital readout. The read- out uses a "+" or "-" sign to indicate the direction and magnitude of beam offset with respect to the center of the target. 
The horizontal and vertical axes of the quad cell are calibrated in the target body to yield less than 0.001 in. total indicator readout (TIR) around the center of the beam‘s energy. When used for alignment, this allows the target to be mechanically positioned to the center of the beam with a reported accuracy of 0.0005 in. 
React’s technique, developed specifically for powerplant use, stresses the importance of the “as-found” positions of components and comparing them to the "desired" component positions. The approach is to align the machine where it naturally tends to operate. In other words, the machine may not be aligned to the original manufacturer’s specifications. Every machine tends to have its own alignment quirks. 
Several users are duly impressed, “The first time we had React in to do a turbine alignment it was real scary, because the approach is much different from the way we had done alignments. This was in 1987 on a 720-MW turbine. It was major outage. And we had already had a bad experience with another laser system that ended up costing us two weeks,” reports Gary Bistodeau, turbine overhaul supervisor at Northern States Power Co. (NSP). Prairie Island nuclear plant personnel were able to complete the turbine alignment in about 3.5  days, NSP now uses the React system on both steam turbines. About a year and half ago, the first turbine that had been realigned by React was opened and operators verified the alignment and operation with minimal rubbing. 
Users report that the laser system is fairly easy to set up. A digital sweep device is used to position the light sensitive targets at both near and far setpoints. A half-bore support is magnetically attached to the component where a reading is needed (Fig l). A quad-cell, two-axis, light-sensitive target, supported by the half-bore unit, is centered on the laser beam, The laser beam is adjusted so that it travels through both the near and far target setpoints (Fig 2). The target is removed and replaced with a digital sweep device that is used to define the component’s off-set to the laser beam. The offset data are then entered into the custom computer software, which determines the order and magnitude of component position adjustments required. The computer then generates appropriate “shim-change” data sheets. Successful use of React during outages last summer at Philadelphia Electric Co’s (PECO) Eddystone-I and Delaware-8 units led engineers at PECO’s Peach Bottom nuclear plant to use the system. During the l7-day turbine outage, the steam-path realignment was completed while diaphragms were being sandblasted.  Before and after laser positions indicated all diaphragm moves were completed with 100% accuracy in one iteration. Vibration during startup improved markedly compared to previous outages, with only minor rubs incurred during voltage-regulator testing. Previous outages have required up to 5 rolls to rub out vibration.  

Close clearances up efficiency 

In addition to reducing outage time, Reacts alignment system can reduce radial clearances, thus improving efficiency. According to Dave Winslow. supervising engineer at New York State Electric & Gas Corp‘s (Nyseg) Technical Services Group. Nyseg engineers were able to reduce the variable packing clearances at Milliken station Unit 2, which improved overall turbine efficiency. No turbine rubs were observed when the unit came back up. 
Winslow cautions that, as with other alignment techniques, you can make mistakes with the laser and not know it, which is why the job should be done by someone who is well trained and can use the equipment properly. In general, Winslow adds. Nyseg prefers to use outside specialists for this type of work. 
Laser alignment was used at NSP`s Sherburne County-2 during a major overhaul of a General Electric Co tandem-compound 660-MW unit. Disassembly data were collected during the first week of the outage and included rotor position readings (tops-on and-tops off), horizontal joint feeder checks, last-stage blade tip clearances, opening wheel and diaphragm clearances, coupling checks, and an initial laser line. The laser was installed in the turbine within hours after the removal of the rotor. A full set of laser readings was taken in less than six hours. Readings were taken on all rotor-position check points, all diaphragm bores, packing bores and oil deflector fits. 
An alignment report was generated which documented the “as-found” condition of the turbine and defined the balance of the alignment program and schedule. It allowed the plant to prepare for all remaining alignment operations so work could start at the beginning of the outage. 
A full set of laser readings on the diaphragms, packing heads, oil deflector fits and other areas was collected once the upper half of the intermediate-pressure (i-p) section components and the upper half of the low-pressure (l-p) section were installed. The readings were completed in less than five hours. The i-p section had its lower-half diaphragms aligned within one shift. Each section took one shift to complete alignment. 
During reassembly, checks were made to assure concentricity of the new retractable packing to the diaphragm bores. The sweep device was used to sweep the packing teeth and/or spill strip on the diaphragm from the same set point where the bore is read. This yields an extremely accurate definition of packing-tooth and spill-strip concentricity to the bore. When undertaking the closing down of the spill- strip clearances and packing to "tight" clearances, this concentricity is critical. Diaphragm and shaft-packing radial packing clearances were closed up to 0.010 to 0.015 in. radially. Spill-strip clearances were closed up to 0.035 in. radially. 
Once the rotors were reassembled, a set of rotor position checks was taken. Reassembly coupling checks were taken and no significant moves to the bearings were required. The closing rotor positions are critical: If the rotors are reassembled and bearing shim changes are needed to correct out-of-spec coupling checks, operators get concerned about the effect of these moves on internal component clearances. 
Unit restart was relatively uneventful. No rubbing of the packing or the spill strips was detected. The net effect of the overhaul was a 9% improvement in the effectiveness of the turbine. NSP attributes this improvement to the tightened packing, spill-strip, and shaft-seal clearances. The application of the new alignment approach, coupled with the retractable packing technology, significantly improved turbine performance. 
Automated transducer system 
Carolina Power & Light Co (CP&L), took a different tack. As part of a utility-wide effort to reduce outage time, CP&L turbine maintenance personnel keyed in on the alignment of steam-turbine/generators, a major critical-path item. Engineers estimated that outage critical-path time could be shortened from two to six weeks to one to three weeks on major base-load units. In addition, CP&L had experienced significant unit rubbing after realignment efforts in the past. 
CP&L developed general criteria for an improved alignment system: 
Fully automated for data taking and analysis. 
Easy to set up, calibrate, and position
High accuracy and repeatability under all outage conditions. 
Ability to easily read both hard bores and seals. 
Ability to perform "what-if" analysis. 
Use transducers with sufficient flexibility in terms of variation from tops on to tops off, component ellipticity, and position misalignment. 
Connects all measurement transducers in series using a single cable which provides power to each transducer and communicates with a laptop computer. 
Automatically corrects for tube or bar sag, moves tube to required setpoint while mathematically correcting the data; calculates expected component ellipticity, variation, joint offset, rotor sag, and joint opening; and calculates required component move to achieve expected position. 
Can be used on any steam or gas turbine within the CP&L system.
CP&L evaluated several off-the-shelf methods to replace the tightwire method-- including optical and laser techniques, bar and dial indicator methods, and bar and eddy-current probe methods. The experience led CP&L to instead customize a sys- tem in-house and resulted in the automated turbine alignment system (ATAS). CP&L. has been using ATAS for three years on all its turbines. It has reduced outage critical path time and provides accurate and reliable alignment results.

Principal components of ATAS include a computer, interface module. transducer support, tube, measurement module, and a mechanical support. The tube is sized as required to match any turbine section depending upon that section’s inner diameter and axial length. The tube is supported to span the turbine section by a pair of mechanical supports. These supports allow the tube to be rotated and moved vertically and horizontally for quick positioning to setpoints. Tube supports also allow simultaneous calibration of the measuring transducers. 
Attached to the tubes are multiple measurement modules which consist of transducers and transducer interface electronics (Fig 3). The transducer can be any device that outputs an electronic signal indicating relative position. Two common devices are a linear variable differential transformer (LVDT) and potentiometer. Transducers must accommodate relatively large amounts of component ellipticity, tube sag, and component misalignment. 
The interface electronics package, inserted into a protective housing, has five functions: (1) supply excitation to the transducer, (2) read the transducer output signal, (3) preprocess the transducer output signal, (4) digitize the output signal. and (5) communicate the output signal to a lap- top computer. Several steps are taken to determine the required component position to a center- line established by setpoints on each end  of a turbine section and to determine the move necessary to achieve the required position for each part: 
Run a tops-off position check to locate the components. 
Determine the vertical and horizontal variation when the upper-half components are unbolted and then bolted. 
Determine the ellipricity of the part. 
Determine the joint offset of the part. 
Assess the joint opening when the parts are bolted. 
Determine the rotor sag at each How- path pan. The first four steps are automatically determined using ATAS, the last two steps are manual inputs determined during the alignment of flowpath components. The generic information for each location includes:
Axial distance from the generator end of the tube. 
Transducer weight. 
Whether the adjustment requires the rotor to be rolled or not. 
Whether the move depends on the move of another bore, such as when one rotor is already attached to another. 
Because the location of the ATAS tube setpoint relative to the turbine and generator setpoints is uncertain, the tube is rotated to the left, bottom, and right positions and data are recorded at each position. The data from the transducer are converted to inches and accessed from the computer. The tube is then adjusted to bring it to within 0.025 in. of the desired setpoint, the transducers are reset to the null positions, and the system is ready for data taking. 
While alignment data are taken, the tube remains stationary at its setpoint on each end. The system must be calibrated each day to assure that temperature/humidity changes, which may affect the interface electronics or the transducer, do HOL affect data accuracy. 
Once the data are taken, component moves are calculated and presented in an output report. The required move at each component location is determined by subtracting the actual position from the expected position at a particular bore or seal, assuming it is not dependent upon the move of at least two bores already reattached. 
Like the alignment bar and proximity- probe methods, this system may require different tube setups for different machines. Additionally, setup time is fairly significant, but once accomplished, the readings can be taken fairly quickly.    
