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Linbeck Professor of Engineering, Department of Civil Engineering and Geological Sciences, University of Notre Dame, Notre Dame, IN 46556, [email protected] ABSTRACT: Magnetorheological (MR) dampers are one of the most promising new devices for structural vibration reduction. Because of their mechanical simplicity, high dynamic range, low power requirements, large force capacity, and robustness, these devices have been shown to mesh well with application demands and constraints to offer an attractive means of protecting civil infrastructure systems against severe earthquake and wind loading. Quasi-static models of MR dampers have been investigated by several researchers. Although useful for design of the damper, quasi-static models are not sufficient to describe the MR damper behavior under dynamic loading. This paper presents a new dynamic model of the overall MR damper system which is comprised of two parts: (i) a dynamic model of the power supply, and (ii) a dynamic model of the MR damper. Because previous studies have demonstrated that a current driven power supply can dramatically reduce the MR damper response time, this study employs a current driver to power the MR damper. The operating principles of the current driver, and an appropriate dynamic model are provided. Subsequently, MR damper response analysis is performed, and a mechanical model using the Bouc-Wen model is proposed to predict the MR damper behavior under dynamic loading. This model accommodates MR fluid inertial and shear thinning effects. Experimental verification has shown that the proposed dynamic model of the MR damper system predicts the experimental results very well. Key Words: MR fluids, MR dampers, Smart damping devices, Smart materials, Hysteresis model, Parameter estimation, System identification, Rheological technology INTRODUCTION



Magnetorheological fluids (or simply “MR” fluids) belong to the class of controllable fluids. The essential characteristic of MR fluids is their ability to reversibly change from free-flowing, linear viscous liquids to semi-solids having a controllable yield strength in milliseconds when exposed to a magnetic field. This feature provides simple, quiet, rapid-response interfaces between electronic controls and mechanical systems. MR fluid dampers are new semi-active devices that utilize MR fluids to provide controllable damping forces. These devices overcome many of the expenses and technical difficulties associated with semi-active devices previously considered. Recent studies have shown that the semi-active dampers can achieve the majority of the performance of fully active systems, thus allowing for the possibility of effective response reduction during both moderate and strong seismic activity (Dyke et al. 1
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Fig. 1 (a) Schematic of the full-scale 20-ton MR fluid damper; (b) experimental setup. 1996; Jansen & Dyke 2000; Johnson et al. 2001; Spencer et al. 2000). For these reasons, significant efforts have been devoted to the development and implementation of MR devices. To prove the scalability of MR fluid technology to devices of appropriate size for civil engineering applications, a full-scale 20-ton MR fluid damper has been designed and built (Spencer et al. 1998). Fig. 1a shows the schematic of the MR damper tested in this paper. The damper uses a particularly simple geometry in which the outer cylindrical housing is part of the magnetic circuit. The effective fluid orifice is the entire annular space between the piston outside diameter and the inside of the damper cylinder housing. The damper has an inside diameter of 20.3 cm and a stroke of ± 8 cm. The electromagnetic coils are wound in three sections on the piston, resulting in four effective valve regions as the fluid flows past the piston. The coils contain a total of about 1.5 km of wire. When wired in series, the total coil has an inductance L 0 = 6.6 H and a resistance R 0 = 21.9 Ω . The completed damper is approximately 1 m long and with a mass of 250 kg. The damper contains approximately 5 litres of MR fluid. The amount of fluid energized by the magnetic field at any given instant is approximately 90 cm3. Fig. 1b shows the experimental setup at the University of Notre Dame for the full-scale 20-ton MR fluid damper. The damper was attached to a 7.5 cm thick plate that was grouted to a 2 m thick strong floor. The damper is driven by a 560 kN actuator configured with a 57 lpm servo-valve with a bandwidth of 30 Hz. The actuator is controlled by a Schenck-Pegasus 5910 servo-hydraulic controller in displacement feedback mode. Quasi-static models of MR dampers have been developed by researchers (Gavin et al. 1996a; Kamath et al. 1996; Makris et al. 1996; Spencer et al. 1998; Wereley & Pang 1998; Yang et al. 2001). Although those models are useful for MR damper design, they are not sufficient to describe the MR damper nonlinear behavior under dynamic loading, especially the nonlinear force-velocity behavior. This paper presents a new dynamic model of the overall MR damper system which is comprised of two parts: (i) a dynamic model of the power supply, and (ii) a dynamic model of the MR damper. Because previous studies have demonstrated that a current driven power supply can dramatically reduce the MR damper response time, this study employs a current driver to power the MR damper. The operating principles of the current driver, and an appropriate dynamic model are provided. Subsequently, MR damper response analysis is performed, and a mechanical model using the Bouc-Wen model is proposed to predict the MR damper behavior under dynamic loading. This model accommodates MR fluid inertial and shear thinning effects. Experimental verification has shown that the proposed dynamic model of the MR damper system predicts the experimental results very well. DYNAMIC MODEL OF CURRENT DRIVERS The MR damper electromagnetic circuit (or damper coil) can be modeled using an electrical network in which a resistor and inductor are connected in series, as shown in Fig. 2 (Yang et al. 2001). The equation governing the current i ( t ) in the coil is given by
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where L and R L = coil inductance and resistance, respectively; V H = bus voltage; T on ⁄ T = duty cycle; and V = V H ( T on ⁄ T ) = equivalent output voltage of the PWM amplifier. Assuming a constant duty cycle T on ⁄ T , the solution of Eq. (1) is V H T on  - --------  1 – e i ( t ) = -----RL T 
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Fig. 2 Simple model of the electromagnet circuit.



Eq. (2) indicates that nearly 3L ⁄ R L seconds are required for the current to reach 95% of the final value I s , which is equal to ( V H ⁄ R L ) ( T on ⁄ T ) . This exponential response is insufficient for many practical applications. Moreover, the fluctuation of power line voltage will affect the bus voltage V H ; this affects the steady state current I s in the coils and thus the damper resisting force. Several approaches can be considered to decrease the response time of the MR damper’s magnetic circuit. One of them is to use a current driver instead of a voltage-driven power supply. The schematic of the current driver based on the PWM servo amplifier and its transfer function block diagram are given in Fig. 3. In order to obtain error-free control results, a PI controller is normally employed. Assuming that the duty cycle is proportional to the controller output u c and that u c is not saturated, Eq. (1) and the feedback loop t



V ( t ) = αV H K i ∫ ( v 0 – βi ) dt + K p ( v 0 – βi )
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are combined to yield the governing equation for current driver as (a)
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Fig. 3 (a) Schematic of the current driver based on the PWM servo amplifier; (b) transfer function block diagram of the current driver. 3
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Fig. 4 Current driver response under a step reference signal. 2
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where γ = αK i V H ; η = αK p V H ; v 0 = reference input signal; β = sensitivity of the current sensing; and K p, K i = controller proportional and integral gains. The steady state current is then given by v0 I s = ----β
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which depends only on the input reference signal v 0 and the sensitivity of the current sensing β . The load resistance R L and the bus voltage V H have no effect on the steady state current. Fig. 4 shows a typical current driver response 1.4 to a step reference signal. In order to achieve opti1.2 mal performance, a relatively large proportional with current driver 5% gain is used. Therefore, the controller output u c is 1 saturated at the beginning of the response, when 0.8 the error signal is large. The power supply applies 0.6 maximum voltage to facilitate the current increase, constant voltage and the current is governed by Eq. (1). The current 0.4 increase follows the same path as that of the 100% 0.2 duty cycle. As the current increases, the error signal decreases. The controller output u c is no longer 0 saturated, and the current is governed by Eq. (4). -0.2 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 The controller regulates the current to a steady Time (sec) state current of v 0 ⁄ β . As compared with the expoFig. 5 Comparison between the coil current nential current response using a voltage source, the driven by constant voltage and current driver. current driver can dramatically reduce the current response time which is readily seen in Fig. 4. To experimentally verify the effectiveness of the current driver, currents in the 20-ton MR damper coil (connected in series) due to a step input command generated by both a constant voltage power supply and a current driver are compared. The experimental results are shown in Fig. 5 (Yang et al. 2000). 4



The constant voltage case corresponds to the scenario where a voltage-driven power supply is attached to the damper coils. The time constant L 0 ⁄ R 0 for the coils of the 20-ton MR damper arranged in series is 0.3 sec. Therefore, as shown in Fig. 5, it takes about 1 sec for the current to achieve 95% of the final value, indicating that the damper has only a 1 Hz bandwidth. Alternatively, using a current driver, the 5% error range is achieved within 0.06 sec. The current driver includes a DC power supply (±120 V) and a PWM servo amplifier manufactured by Advanced Motion Controls operating under the current mode. Because the current driver clearly offers substantial reductions in the response time, the subsequent results reported in this paper will employ this current driver. Based on Eq. (4), the dynamic model of the current driver used in the experiment is identified. The transfer function between the input reference signal v 0 and current i is given by 1001.45s + 1016.1 i ( s ) = -------------------------------------------------- v 0 ( s ) 2 s + 503.7s + 508.05
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A comparison between the measured and predicted current is provided in Fig. 6; close agreement is observed. (b) 2 (a) 2



1.2 1 0.8



1 0.8 0.6



0.6



0.4



0.4



0.2



0.2 0 0



1.2



Measured Predicted 2



4



6



8



10



12



14



0



16



Measured Predicted 6



6.2



6.4



6.6



6.8



7



7.2



7.4



7.6



7.8



8



Time (sec)



Time (sec)



Fig. 6 (a) Comparison between the measured and predicted current; (b) detailed comparison in current fast-changing region.



DYNAMIC MODEL OF MR DAMPERS MR damper response analysis The response of the damper can basically be divided into three regions as shown in Fig. 7. At the beginning of region I, the velocity changes in sign from negative to positive, the velocity is quite small, and the MR fluid operates mainly in the pre-yield region, i.e., not flowing and having very small elastic deformation. Because the servo controller on the actuator driving the damper uses displacement feedback, and the displacement measurement at this stage is behind the command signal, the controller tends to command a large valve opening, subjecting the MR damper to a large force. Therefore, a substantial increase in acceleration is observed. After the MR fluid yields and the fluid begins to flow, the acceleration drops to its normal level, as shown at the end of region I. Because the inertial force is proportional to the acceleration, a force overshoot is observed, as shown in Fig. 7. In region II, the acceleration decreases while still remaining positive; the velocity continues to increase. In general, the plastic-viscous force increases faster than the inertial force decreases. Therefore, a slight net force increase is observed. In region III, both the velocity and acceleration decrease. Note that the damper velocity approaches zero at the end of this region, and the plastic viscous force drops more rapidly due to the fluid shear thinning effect. Therefore, a force roll-off is observed. Moreover, due to the inertial force, the damper resisting force in region III is smaller than in regions I and II. Therefore, there is a overshoot in the force, as shown in Fig. 8b. 5
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Fig. 7 MR damper response analysis. Dynamic model of MR dampers Quasi-static models for MR damper have been developed by researchers (Gavin et al. 1996a; Kamath et al. 1996; Makris et al. 1996; Spencer et al. 1998; Wereley & Pang 1998; Yang et al. 2001). Fig. 8 provides a comparison between the quasi-static model and experimental result when the MR damper is subjected to a 1 inch, 0.5 Hz sinusoidal displacement excitation at an input current of 2 A. It can be seen that quasi-static model can model the damper force-displacement behavior reasonably well; however, they are not sufficient to describe the nonlinear force-velocity behavior observed in the experimental data. A more accurate dynamic model of MR dampers is necessary for simulation of damper behavior and structural vibration control simulation with MR dampers. (b)



250



250



200



200



150



150



Damper Resisting Force (kN)



Damper Resisting Force (kN)



(a)



100 50 0 -50 -100



100 50 0 -50 -100



-150



-150



-200



-200



-250 -3



-250



-2



-1



0



1



2



3



Displacement (cm)



Experimental Result Quasi-Static Model Result -8



-6



-4



-2



0



2



4



Velocity (cm/sec)



Fig. 8 Comparison between the quasi-static model and experimental results under an 1 inch, 0.5 Hz sinusoidal displacement excitation at an input current of 2 A, (a) force vs. displacement; (b) force vs. velocity. 6
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Two types of dynamic models of controllable fluid damper have been investigated by researchers: non-parametric and parametric models. Ehrgott & Masri (1992) and Gavin et al. (1996b) presented a non-parametric approach employing orthogonal Chebychev polynomials to predict the damper resisting force using the damper displacement and velocity information. Chang & Roschke (1998) developed a neural network model to emulate the dynamic behavior of MR dampers. However, the non-parametric damper models are often quite complicated. Gamato & Filisko (1991) proposed a parametric viscoelastic-plastic model based on the Bingham model. Wereley et al. (1998) developed a nonlinear hysteretic biviscous model, which is an extension of the nonlinear biviscous model having an improved representation of the pre-yield hysteresis. Spencer et al. (1997) proposed a mechanical model based on the Bouc-Wen model. This model can well capture the force roll-off in the low velocity region due to bleed or blow-by of fluid between the piston and cylinder. Nevertheless, all parametric models mentioned above are not considered the fluid inertial effect and shear thinning effect especially in the low velocity region. Based on the damper response analysis presented in the previous section, a mechanical model considering shear thinning and inertial effects is proposed which is shown in Fig. 9. The damper resisting force is given by ·· · · f = αz + kx + c ( x )x + mx + f 0 (7) where the evolutionary variable z is governed by n–1 · · n · · – βx z + Ax z = –γxzz



x



(8)



Bouc-Wen



In this model, the fluid inertial effect is represented by an equivalent mass m ; the accumulator stiffness is represented by k ; friction force due to the damper seals as well as measurement bias are represented by f 0 ; and the post-yield plastic · damping coefficient is represented by c ( x ) . To describe the shear thinning effect on damper resisting force at low velocities as observed in the · experimental data, c ( x ) is defined as a mono-decreasing function with respect to the absolute ve· locity x . In this paper, the post-yield damping coefficient is assumed to have a form of · c ( x ) = a1 e



· p –( a2 x )
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m Fig. 9 Proposed mechanical model of MR dampers.



(9)



where a 1, a 2 and p are positive constants. Besides the proposed mechanical model, two other types of dynamic models based on the BoucWen model are also investigated. One is the simple Bouc-Wen model with mass element. Note that the damping coefficient is set to be a constant in this model. The other one is the mechanical model proposed by Spencer et al. (1997) with mass element. To assess their ability to predict the MR damper behavior, these three dynamic models are employed to fit to the damper response under a 1 inch, 0.5 Hz sinusoidal displacement excitation at an input current of 2A. The comparison between the predicted results and the experimental data is shown in Fig. 10. As can be seen, all models can describe the damper force-displacement behavior very well. However, the simple Bouc-Wen model fails to capture the force roll-off in the low velocity region. The mechanical model proposed by Spencer et al. (1997) utilizes two different damping coefficients to describe the force roll-off. One damping coefficient is used at large velocities, and the other is used at low velocities. As shown in the figure, this model has a slight, but not significant improvement over the simple Bouc-Wen model. The model proposed herein employs a variable mono-decreasing damping coefficient to describe the force roll-off due to the fluid shear thinning effect. It predicts the damper behavior very well in all regions, including the force rolloff at low velocities and two clockwise loops at velocity extremes. The parameters for the proposed –1 mechanical model are chosen to be α = 927570 N , n = 2.7755 , γ = 31778 m ,
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Fig. 10 Comparison between the predicted and experimentally-obtained responses with various dynamic models, (a) force vs. time; (b) force vs. displacement; (c) force vs. velocity. –1



–1



A = 217.27 m , k = 486250 N/m , a 1 = 3308891 N ⋅ sec ⁄ m , β = 21.637 m , a 2 = 5.6809 sec/m , p = 0.5403 , m = 59999 kg , and f 0 = – 1377.32 N . In addition to the graphical evidence of the superiority of the proposed model, a quantitative study of the errors between each of the models and the experimental data is also explored. For each of the models considered herein, the error between the predicted force and the measured force has been calculated as a function of time, displacement and velocity over one complete cycle. The following expressions have been used to represent the errors (Spencer et al. 1997) ε E t = -----t , σf
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The resulting error norms are given in Table 1. In all cases, the error norms calculated for the proposed mechanical model are smaller than those calculated for the other models considered, indicating that the proposed model is superior to the other models for the full-scale MR damper under investigation. Generalization for fluctuating current All of the data examined previously has been based on the response of the MR damper when the applied current, and hence the magnetic field, was held at a constant level. However, optimal performance of a control system using this device is expected to be achieved when the magnetic field is continuously varied based on the measured response of the system to which it is attached. To use the damper in this way, a model must be developed which is capable of predicting the behavior of the MR damper for a fluctuating current. To determine a model which is valid under the fluctuating input current, the functional dependence of the parameters on the input current must be determined. Since the fluid yield stress is dependent on input current, α can then be assumed as a function of the input current i . Moreover, from the experiment results, a 1 , a 2 , m , n , and f 0 are also functions of the input current. In order to obtain the relationship between the input current i and damper parameters α , a 1 , a 2 , n , m and f 0 , the damper was driven by band-limited random displacement excitations with a cutoff frequency of 2 Hz at various constant current levels. A constrained nonlinear least-squares optimization scheme based on the trust-region and preconditioned conjugated gradients (PCG) methods is then used. The results are shown in Table 1. A linear piecewise interpolation approach is utilized to estimate these damper parameters for current levels which are not listed in the above table. The rest damper parame–1 –1 ters which are not varied with input current are chosen to be γ = 25179.04 m , β = 27.1603 m , –1 A = 1377.9788 m , k = 20.1595 N/m , and p = 0.2442 . Table 1. Damper parameters at various current levels under random displacement excitation. 5
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Note that a first order filter needs to be used to accommodate the dynamics involved in the MR fluid reaching rheological equilibrium 31.4 H ( s ) = ------------------s + 31.4



(13)



Fig. 11 provides a comparison between the simulated force and the experimental data at a constant input current of 2 A. In this test, the damper is driven by a band-limited random displacement excitation with a cutoff frequency of 2 Hz. As seen here, the model accurately predicts the behavior of the damper. The error norms are determined to be E t = 0.09551 , E x = 0.00851 , and E x· = 0.02607 . Furthermore, the predicted force is also compared with experimental data when the damper is subjected to a fluctuating current input. Similar to the previous test, a band-limited random displacement excitation is applied. The displacement excitation and input current is shown in Fig. 12. Again, excellent agreement is observed between the experimental and model responses. The error norms for this test are determined to be E t = 0.35517 , E x = 0.03257 , and E x· = 0.10118 . 9
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Fig. 11 Comparison between predicted and experimentally-obtain damper responses under random displacement excitation at constant input current of 2 A, (a) displacement vs. time; (b) force vs. time. Fig. 13 illustrates the measured damper force upside using the force-feedback approach (Yang et al. 2001) and its comparison with predicted response. It can be seen that predicted result match very well with experimental data. CONCLUSIONS Magnetorheological (MR) fluid dampers provide a level of technology that has enabled effective semiactive control in a number of real world applications. A 20-ton MR damper capable of providing semiactive damping for full-scale structural applications has been designed and constructed. A mechanical model based on the Bouc-Wen hysteresis model is proposed to describe the dynamic behavior of the MR damper. This model considers the fluid shear thinning and inertial effects which are observed in the experimental data. Moreover, experimental result also shows that current driver can dramatically reduce the MR damper response time. The operational principle of the current driver is also discussed and its dynamic model is given. This dynamic model is then combined with the mechanical model proposed for the MR damper to obtain the dynamic model of the overall MR damper system including the power supply. The predicted results are compared with experimentally-obtained data, and 10
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Fig. 13 Comparison between predicted and experimentally-obtained damper responses on force upside using force-feedback control (Yang et al. 2001), (a) current vs. time; (b) force vs. time. Gamota, D.R. & Filisko, F.E. (1991). Dynamic mechanical studies of electrorheological materials: moderate frequencies. J. of Rheology, 35:399–425. Gavin, H.P., Hanson, R.D. & Filisko, F.E. (1996a). Electrorheological dampers, part 1: analysis and design. J. of Applied Mechanics, ASME 63(9):669–675. Gavin, H.P., Hanson, R.D. & Filisko, F.E. (1996b). Electrorheological dampers, part 2: testing and modeling. J. of Applied Mechanics, ASME 63(9):676–682. Jansen, L.M. & Dyke, S.J. 2000. Semiactive control strategies for MR dampers: comparative study. J. of Engineering Mechanics, ASCE 126(8):795–803. Johnson, E.A., Baker, G.A., Spencer Jr., B.F. & Fujino, Y. (2001). Semiactive Damping of Stay Cables. J. of Engineering Mechanics, ASCE, accepted. Kamath, G.M., Hurt, M.K. & Wereley, N.M. (1996). Analysis and testing of Bingham plastic behavior in semi-active electrorheological fluid dampers. Smart Materials and Structures, 5:576–590. Makris, N., Burton, S.A., Hill, D. & Jordan, M. (1996). Analysis and design of ER damper for seismic protection of structures. J. of Engineering Mechanics, ASCE 122(10):1003–1011. Spencer Jr., B.F., Dyke, S.J., Sain, M.K. & Carlson. J.D. (1997). Phenomenological model of a magnetorheological damper. J. of Engineering Mechanics, ASCE 123(3):230–238. Spencer Jr., B.F., Yang, G., Carlson, J.D. & Sain, M.K. (1998). “Smart” dampers for seismic protection of structures: a full-scale study. Proceedings of 2nd World Conference on Structural Control, Kyoto, Japan. pp. 417–426. Spencer Jr., B.F., Johnson, E.A. & Ramallo, J.C. (2000). “Smart” isolation for seismic control. JSME International Journal, JSME 43(3):704–711. Stanway, R., Sproston, J.L. & Stevens, N.G. (1987). None-linear modelling of an electro-rheological vibration damper. J. of Electrostatics 20:167–184. Wereley, N.M. & Pang, L. (1998). Nondimensional analysis of semi-active electrorheological and magnetorheological dampers using approximate parallel plate models. Smart Materials and Structures, 7:732–743. Wereley, N.M., Pang, L. & Kamath, G.M. (1998). Idealized hysteresis modeling of electrorheological and magnetorheological dampers. J. of Intelligent Material, Systems and Structures, 9(8):642–649. Yang, G., Ramallo, J.C., Spencer Jr., B.F., Carlson, J.D. & Sain, M.K. (2000). Large-scale MR fluid dampers: dynamic performance considerations. Proceedings of International Conference on Advances in Structure Dynamics, Hong Kong, China. pp. 341–348. Yang, G., Spencer Jr., B.F., Carlson, J.D. & Sain, M.K. (2001). Large-scale MR fluid dampers: modeling, and dynamic performance considerations. Engineering Structures, submitted.



12 























Empfehlen Sie Dokumente






[image: alt]





The P-Square Algorithm for Dynamic Calculation of ... - CiteSeerX 

Thus, the piecewise- parabolic prediction provides a good trade-off between .... Schmeiser, B.W., and Deutsch, S.J. Quantile estimation from grouped data: The ...










 


[image: alt]





Dynamic Vector Clocks for Consistent Ordering of Events in Dynamic 

A large number of tasks in distributed systems can be traced down to the fundamental problem of attaining a consistent global view on a distributed computation. This problem is commonly solved by appliance of vector clocks as a means of tracing causa










 


[image: alt]





Dynamic Changes in Nevi of a Patient With Melanoma ... - CiteSeerX 

20.08.2012 - A 56-year-old woman with atypical mole syndrome, Fitzpatrick skin type II, and me- tastasizing melanoma harboring a BRAF. V600E mutation showed stable melano- cytic lesions by sequential digital dermos- copy before starting treatment wit










 


[image: alt]





Comparative Evaluation of Prediction Heuristics for ... - CiteSeerX 

Abstractâ€”Impairments in wireless data communication due to time and location dependent errors can be overcome .... references prediction of the signal envelope obtained with the best algorithms in [17] are more accurate than LRP ..... Performance a










 


[image: alt]





Dynamic Path Conditions in Dependence Graphs - CiteSeerX 

Their appli- cation for path condition generation and the additional constraint ..... Adding another conjunctive term R to the path condition is a different way to ...










 


[image: alt]





Toward Principles for the Design of Ontologies Used for ... - CiteSeerX 

ontologies as a way of specifying content-specific agreements for the ... describe the ontology of a program by defining










 


[image: alt]





Tuned liquid dampers for controlling earthquake 

Change in paternity and select perinatal outcomes: Causal or confounded? free download. Abstract Hintergrund: Aufgrund der Seltenheit der malignen und dem relativ hÃ¤ufigen. Auftreten von benignen Weichgewebstumoren (WGT) bestehen auch derzeit. Unsic










 


[image: alt]





Streamflow Assessment Model for the Little Wabash River ... - CiteSeerX 

the streamflow frequencies along major streams within a watershed of interest. For the purposes of this ..... streamflow over the Little Wabash River watershed for each month of the year. The monthly values of ...... Hanks Ferry Bridge. 49.71.










 


[image: alt]





A Markov Random Field Model of Microarray Gridding - CiteSeerX 

ABSTRACT. DNA microarray hybridisation is a popular high through- put technique in academic as well as industrial functional genomics research. In this paper ...










 


[image: alt]





Mathematics of Multisets - CiteSeerX 

numbers corresponds in a natural way to the multiset F of its â€œrootsâ€�. ..... This isn't the only way one can categorically define multisets. Suppose that F : A â†’ Set.










 


[image: alt]





Connection Model of Intonation - Centre for Speech 

The Rise/Fall/Connection Model of Intonation. Paul Taylor. Human Communication Research Centre. Human Communication Research Centre,. University of Edinburgh,. 2 Buccleuch Place, ...... Mean and standard deviations for hand labelled element parameter










 


[image: alt]





DYNAMIC 

unserem Beruf zu machen irgendwann im Leben getroffen werden. GefÃ¼hlt haben wir es ja ... Wir begleiten unsere Mitmenschen mit Melodien und Rhythmen jeglicher Art und das ... â€žMusik ist KreativitÃ¤tâ€¦ und diese wohnt in meinem Herzen!â€œ ...










 


[image: alt]





Software Architecture for Dynamic Adaptation of ... - Semantic Scholar 

ABSTRACT. The recent apparition of mobile wireless sensor aware to their physical environment and able to process information must allow proposing applications able to take into account their physical context and to react according to the changes of 










 


[image: alt]





Rationale-based Unified Software Engineering Model - CiteSeerX 

management, change management, knowledge management, distributed commu- nication ...... university. In industry, we used Sysiphus in consulting projects.










 


[image: alt]





Journal of Contemporary Ethnography - CiteSeerX 

deviant groups to resist conforming to what they saw as an oppressive society (Hebdige 1979; Hall and Jefferson 1976). Scholars have given a great deal of ...










 


[image: alt]





Model/Modelo TM70 Series - Mr. Coffee 

way. If the plug does not fit fully in the outlet, reverse the plug. If it still does ... Improves the taste of your tea










 


[image: alt]





Computational RNomics of Drosophilids - CiteSeerX 

of diverse transcripts that are unrelated to protein-coding genes. One subclass consists of those RNAs that require distinctive secondary structure motifs to exert their biological function and hence exhibit distinctive patterns of sequence conservat










 


[image: alt]





Stylebook for the TÃ¼bingen Treebank of Written German - CiteSeerX 

Our annotation scheme tries to find a trade-off between pragmatic ...... indentation, however, signals that the comma cannot necessarly be attached to this node.










 


[image: alt]





Integrated Analysis of Hybrid Systems for Rural ... - CiteSeerX 

What proves to be right in one country can be completely wrong for an- other country. Therefore, the findings of this analysis are always to be seen as strongly ...










 


[image: alt]





Dynamic 115 

Anlaufventil starting valve soupape de démarrage ... LR 20x25x12,5. 17 x 1,5-90 NBR ... noch Dichtsatz / still seal kit / encore sceller kit : 1.8.4. 1.10. 1.11. 1.9.5.










 


[image: alt]





Dynamic Code Evolution for Java - Semantic Scholar 

With binary compatible changes, the validity of old code is not affected. ...... There are VM command line options to select other garbage collection strategies that.










 


[image: alt]





Dynamic Code Evolution for Java - Semantic Scholar 

operating systems (Solaris, Windows, Linux, . . . ) and for ...... System.out.println("Hello world"); ..... The operating system was a 64-bit version of Windows 7.










 


[image: alt]





Strategic Business Process Management for ... - CiteSeerX 

the Organisational Framework for Business Process. Management shown in Fig. 1. The framework addresses a strategic level










 


[image: alt]





Impact of Model-based Risk Analyses for Liver Surgery Planning 

For that reason, the subject pool consisted of 10 liver experts (3 females, 7 males), including 4 chief physicians, 1 senior physicians, 2 assistant physicians, ...










 











Copyright © 2024 P.PDFDOKUMENT.COM. Alle Rechte vorbehalten.

Über uns |
Datenschutz-Bestimmungen |
Geschäftsbedingungen |
Hilfe |
Copyright |
Kontaktiere uns










×
Anmelden






Email




Password







 Erinnere dich an mich

Passwort vergessen?




Anmelden














