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Introduction:
	
[bookmark: _GoBack]	The purpose of this lab is to achieve a better understanding of ON/OFF controller systems, these are the simplest form of control system and are used in a variety of ways. These controllers are used when a system cannot produce the desired input. The controller limits the output to two different states, on and off. When the systems temperature crosses a given set point it causes a cycle to begin because the condition is continuously being adjusted. Throughout the lab, a variety of parameters are altered, which include hysteresis; set point and whether a disturbance is on or off. This lab helps engineering students to understand how these conditions affect the controller allowing them to create a controller which suits their needs. 
Experimental Apparatus & Procedure:
	
	Refer to the ENGG*3410 Lab Manual: Lab 1: The ON/OFF Controller
· Section 2: Equipment and Setup 
· Section 3: Procedure.
Results :      
	
	Graphs 1-A through 3-H will be found in the Appendix at the end of this report.            
Discussion: 

	 When a disturbance was introduced to the circuit, it increased temperature output of the system while the heater output showed a shorter positive voltage output and a longer negative voltage output. The positive and negative simply represent when the system was on and off respectively. The disturbance is an effect on the system that effectively interrupts the signal, in this experiment it created a delay in the heater output meaning the "on" period was shorter than the "off" period. The shortened "on" period lead to a higher temperature output to account for the induced disturbance and maintain the value of the set point.

 Overall there was not much effect to the heater output when the set point values were altered although it increased the upper and lower trip points of the temperature graph. Changing the set point of the system should shift the curve up or down the y- axis on the temperature graph, because the graph must fluctuate around the new temperature point that was set. However the frequency and amplitude did not change. Simply, increasing the set point increases the ideal temperature.  In addition, the heat output graph was not altered because the amount of times the system would turn "on" and "off" is not affected by changing set temperatures. 
Changing the value of hysteresis changed the length of time the controller was "on" and "off" as expected, but also increases the values of upper and lower trip points of the temperature graph. Hysteresis effectively increased the time intervals for the system, explaining the length of the positive and negative heater outputs. This increase in time interval forced the temperature to reach increased upper and decreased lower trip points because the heater itself has more time to reduce its temperature between intervals. The increased time the heater output is negative causes it to generate more heat therefore a higher temperature to maintain the set point.
If a very small hysteresis value is applied, the frequency of the system would be increased drastically. This essentially means that the control would be turned "on" and "off" more frequently, as a result decreasing the plants temperature fluctuation because its temperature has less time to remain at the low and high ends of temperature. This is the best approach to the application of this controller where a more consistent temperature is desired. Although a low hysteresis value results in a more stable temperature, it can have a severe amount of strain on the system due to an increased number of cycles the controller must go through. As a result, the life expectancy of the controller is reduced. This is the reason engineers must find ideal hysteresis values. 

Conclusion: 
	
	This laboratory experiment successfully demonstrates the operation of  a simple feedback controller. This On/OFF controller specifically operates to maintain a set point although it may require adjustments if disturbances or hysteresis are introduced causing a lag in response time. The first conclusion drawn from this lab was that for various applications there is a unique set point but it does not affect the systems overall performance. Secondly, a high hysteresis value is not ideal because it causes longer "on" and "off" intervals which wastes energy. Judging from the graphical results, an ideal controller would have minimal hysteresis, a determined ideal set point and designed to reduce unanticipated disturbances caused by influences in the environment or other system errors.  Understanding how to design and operate the ideal controller for a variety of applications is critical to the field of engineering.                                                                                                                                                               
Appendix:
Set Point 4:


Figure 1-A: Heater output versus time given a set point of 4, a minimum hysteresis and no disturbance.

Figure 1-B: Temperature sensor output versus time given a set point of 4, a minimum hysteresis and no disturbances.

Figure 1-C: Heater output versus time given a set point of 4, a hysteresis of 5 and no disturbance.

Figure 1-D: Temperature sensor output versus time given a set point of 4, a hysteresis of 5 and no disturbances.

Figure 1-E: Heater output versus time given a set point of 4, a maximum hysteresis and no disturbance.

Figure 1-F: Temperature sensor output versus time given a set point of 4, a maximum hysteresis and no disturbances.



Figure 1-G: Heater output versus time given a set point of 4, a hysteresis of 5 and disturbance on.

Figure 1-H: Temperature sensor output versus time given a set point of 4, a hysteresis of 5 and disturbance on.
Set Point 6:


Figure 2-A: Heater output versus time given a set point of 6, a hysteresis of 5 and no disturbance.


Figure 2-B: Temperature sensor output versus time given a set point of 6, a hysteresis of 5 and no disturbances.

Figure 2-C: Heater output versus time given a set point of 6, a maximum hysteresis and no disturbance.

Figure 2-D: Temperature sensor output versus time given a set point of 6, a maximum hysteresis and no disturbances.



Figure 2-E: Heater output versus time given a set point of 6, a minimum hysteresis and no disturbance.

Figure 2-F: Temperature sensor output versus time given a set point of 6, a minimum hysteresis and no disturbances.

Figure 2-G: Heater output versus time given a set point of 6, a hysteresis of 5 and disturbance on.




Figure 2-H: Temperature sensor output versus time given a set point of 6, a hysteresis of 5 and disturbances on.
Set Point 8


Figure 3-A: Heater output versus time given a set point of 8, a maximum hysteresis and no disturbance.

Figure 3-B: Temperature sensor output versus time given a set point of 8, a maximum hysteresis and no disturbances.

Figure 3-C: Heater output versus time given a set point of 8, a hysteresis of 5 and no disturbance.

Figure 3-D: Temperature sensor output versus time given a set point of 8, a hysteresis of 5 and no disturbances.

Figure 3-E: Heater output versus time given a set point of 8, a minimum hysteresis and no disturbance.

Figure 3-F: Temperature sensor output versus time given a set point of 8, a minimum hysteresis and no disturbances.

Figure 3-G: Heater output versus time given a set point of 8, a hysteresis of 5 and disturbance on. 

Figure 3-H: Temperature sensor output versus time given a set point of 8, a hysteresis of 5 and disturbances on.
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Heater Output vs Time
 Setpoint 4, Max Hysterisis
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Temperature Sensor Output vs. Time
 Setpoint 4, Max Hysterisis
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Heater output vs Time
 Setpoint 4, Middle Hysterisis, Disturbance On 
0	4.0000000000000022E-2	8.0000000000000043E-2	0.12000000000000002	0.16	0.2	0.2400000000000001	0.28000000000000008	0.32000000000000023	0.36000000000000021	0.4	0.44	0.4800000000000002	0.52	0.56000000000000005	0.60000000000000042	0.64000000000000046	0.68	0.72000000000000042	0.76000000000000045	0.8	0.84000000000000041	0.88	0.92	0.96000000000000041	1	1.04	1.08	1.1200000000000001	1.159999999999999	1.2	1.24	1.28	1.32	1.36	1.4	1.44	1.48	1.52	1.56	1.6	1.6400000000000001	1.6800000000000008	1.72	1.76	1.8	1.84	1.8800000000000001	1.9200000000000008	1.9600000000000009	2	2.04	2.08	2.12	2.16	2.2000000000000002	2.2400000000000002	2.2799999999999998	2.3199999999999981	2.36	2.4	2.44	2.48	2.52	2.56	2.6	2.64	2.68	2.72	2.7600000000000002	2.8	2.84	2.88	2.92	2.96	3	3.04	3.08	3.12	3.16	3.2	3.24	3.2800000000000002	3.32	3.36	3.4	3.44	3.48	3.52	3.56	3.6	3.64	3.68	3.72	3.7600000000000002	3.8	3.84	3.88	3.92	3.96	4	4.04	4.08	4.1199999999999966	4.1599999999999975	4.2	4.24	4.28	4.3199999999999985	4.3599999999999985	4.4000000000000004	4.4400000000000004	4.4800000000000004	4.5199999999999996	4.5599999999999996	4.5999999999999996	4.6399999999999997	4.68	4.72	4.76	4.8	4.84	4.88	4.92	4.96	5	5.04	5.08	5.1199999999999966	5.1599999999999975	5.2	5.24	5.28	5.3199999999999985	5.3599999999999985	5.4	5.44	5.48	5.52	5.56	5.6	5.64	5.68	5.72	5.76	5.8	5.84	5.88	5.92	5.96	6	6.04	6.08	6.1199999999999966	6.1599999999999975	6.2	6.24	6.28	6.3199999999999985	6.3599999999999985	6.4	6.44	6.48	6.52	6.56	6.6	6.64	6.68	6.72	6.76	6.8	6.84	6.88	6.92	6.96	7	7.04	7.08	7.1199999999999966	7.1599999999999975	7.2	7.24	7.28	7.3199999999999985	7.3599999999999985	7.4	7.44	7.48	7.52	7.56	7.6	7.64	7.68	7.72	7.76	7.8	7.84	7.88	7.92	7.96	8	8.0400000000000009	8.08	8.120000000000001	8.16	8.2000000000000011	8.24	8.2800000000000011	8.32	8.3600000000000048	8.4	8.44	8.48	8.52	8.56	8.6	8.64	8.68	8.7199999999999989	8.76	8.8000000000000007	8.84	8.8800000000000008	8.92	8.9600000000000026	9	9.0400000000000009	9.08	9.120000000000001	9.16	9.2000000000000011	9.24	9.2800000000000011	9.32	9.3600000000000048	9.4	9.44	9.48	9.52	9.56	9.6	9.64	9.68	9.7199999999999989	9.76	9.8000000000000007	9.84	9.8800000000000008	9.92	9.9600000000000026	10	10.040000000000001	10.08	10.120000000000001	10.16	10.200000000000001	10.24	10.28	10.32	10.360000000000007	10.4	10.44	10.48	10.52	10.56	10.6	10.64	10.68	10.72	10.76	10.8	10.84	10.88	10.92	10.96	11	11.04	11.08	11.12	11.16	11.2	11.24	11.28	11.32	11.360000000000007	11.4	11.44	11.48	11.52	11.56	11.6	11.64	11.68	11.72	11.76	11.8	11.84	11.88	11.92	11.96	12	12.04	12.08	12.12	12.16	12.2	12.24	12.28	12.32	12.360000000000007	12.4	12.44	12.48	12.52	12.56	12.6	12.64	12.68	12.72	12.76	12.8	12.84	12.88	12.92	12.96	13	13.04	13.08	13.12	13.16	13.2	13.24	13.28	13.32	13.360000000000007	13.4	13.44	13.48	13.52	13.56	13.6	13.64	13.68	13.72	13.76	13.8	13.84	13.88	13.92	13.96	14	14.04	14.08	14.12	14.16	14.2	14.24	14.28	14.32	14.360000000000007	14.4	14.44	14.48	14.52	14.56	14.6	14.64	14.68	14.72	14.76	14.8	14.84	14.88	14.92	14.96	15	15.04	15.08	15.12	15.16	15.2	15.24	15.28	15.32	15.360000000000007	15.4	15.44	15.48	15.52	15.56	15.6	15.64	15.68	15.72	15.76	15.8	15.84	15.88	15.92	15.96	16	16.04	16.079999999999988	16.12	16.16	16.2	16.239999999999988	16.279999999999987	16.32	16.36	16.399999999999999	16.439999999999987	16.479999999999986	16.52	16.559999999999999	16.600000000000001	16.64	16.68	16.72	16.760000000000002	16.8	16.84	16.88	16.920000000000002	16.959999999999987	17	17.04	17.079999999999988	17.12	17.16	17.2	17.239999999999988	17.279999999999987	17.32	17.36	17.399999999999999	17.439999999999987	17.479999999999986	17.52	17.559999999999999	17.600000000000001	17.64	17.68	17.72	17.760000000000002	17.8	17.84	17.88	17.920000000000002	17.959999999999987	18	18.04	18.079999999999988	18.12	18.16	18.2	18.239999999999988	18.279999999999987	18.32	18.36	18.399999999999999	18.439999999999987	18.479999999999986	18.52	18.559999999999999	18.600000000000001	18.64	18.68	18.72	18.760000000000002	18.8	18.84	18.88	18.920000000000002	18.959999999999987	19	19.04	19.079999999999988	19.12	19.16	19.2	19.239999999999988	19.279999999999987	19.32	19.36	19.399999999999999	19.439999999999987	19.479999999999986	19.52	19.559999999999999	19.600000000000001	19.64	19.68	19.72	19.760000000000002	19.8	19.84	19.88	19.920000000000002	19.959999999999987	20	20.04	20.079999999999988	20.12	20.16	20.2	20.239999999999988	20.279999999999987	20.32	20.36	20.399999999999999	20.439999999999987	20.479999999999986	20.52	20.56	20.6	20.64	20.68	20.72	20.759999999999987	20.8	20.84	20.88	20.919999999999987	20.959999999999987	21	21.04	21.08	21.12	21.16	21.2	21.24	21.279999999999987	21.32	21.36	21.4	21.439999999999987	21.479999999999986	21.52	21.56	21.6	21.64	21.68	21.72	21.759999999999987	21.8	21.84	21.88	21.919999999999987	21.959999999999987	22	22.04	22.08	22.12	22.16	22.2	22.24	22.279999999999987	22.32	22.36	22.4	22.439999999999987	22.479999999999986	22.52	22.56	22.6	22.64	22.68	22.72	22.759999999999987	22.8	22.84	22.88	22.919999999999987	22.959999999999987	23	23.04	23.08	23.12	23.16	23.2	23.24	23.279999999999987	23.32	23.36	23.4	23.439999999999987	23.479999999999986	23.52	23.56	23.6	23.64	23.68	23.72	23.759999999999987	23.8	23.84	23.88	23.919999999999987	23.959999999999987	24	24.04	24.08	24.12	24.16	24.2	24.24	24.279999999999987	24.32	24.36	24.4	24.439999999999987	24.479999999999986	24.52	24.56	24.6	24.64	24.68	24.72	24.759999999999987	24.8	24.84	24.88	24.919999999999987	24.959999999999987	25	25.04	25.08	25.12	25.16	25.2	25.24	25.279999999999987	25.32	25.36	25.4	25.439999999999987	25.479999999999986	25.52	25.56	25.6	25.64	25.68	25.72	25.759999999999987	25.8	25.84	25.88	25.919999999999987	25.959999999999987	26	26.04	26.08	26.12	26.16	26.2	26.24	26.279999999999987	26.32	26.36	26.4	26.439999999999987	26.479999999999986	26.52	26.56	26.6	26.64	26.68	26.72	26.759999999999987	26.8	26.84	26.88	26.919999999999987	26.959999999999987	27	27.04	27.08	27.12	27.16	27.2	27.24	27.279999999999987	27.32	27.36	27.4	27.439999999999987	27.479999999999986	27.52	27.56	27.6	27.64	27.68	27.72	27.759999999999987	27.8	27.84	27.88	27.919999999999987	27.959999999999987	28	28.04	28.08	28.12	28.16	28.2	28.24	28.279999999999987	28.32	28.36	28.4	28.439999999999987	28.479999999999986	28.52	28.56	28.6	28.64	28.68	28.72	28.759999999999987	28.8	28.84	28.88	28.919999999999987	28.959999999999987	29	29.04	29.08	29.12	29.16	29.2	29.24	29.279999999999987	29.32	29.36	29.4	29.439999999999987	29.479999999999986	29.52	29.56	29.6	29.64	29.68	29.72	29.759999999999987	29.8	29.84	29.88	29.919999999999987	29.959999999999987	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.622522	-9.622522	-9.622522	-9.622522	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.622522	-9.622522	-9.622522	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.622522	-9.622522	-9.622522	-9.4541719999999998	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.622522	-9.622522	-9.622522	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.7908719999999985	-9.622522	-9.622522	-9.622522	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	10.746697000000001	Time (Seconds)




Temperature sensor output vs. time
 Setpoint 4, Middle Hysterisis, Disturbance On 
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Heater Output vs Time
 Setpoint 6, Middle Hysterisis
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Temperature Sensor Output vs. Time
 Setpoint 6, Middle Hysterisis
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Heater Output vs Time
 Setpoint 6, Max Hysterisis
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Temperature sensor output vs. Time
 Setpoint 6, Max Hysterisis
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Heater Output vs Time
 Setpoint 6, No Hysterisis
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Temperature Sensor Output vs. Time
 Setpoint 6, No Hysterisis
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Heater Output vs Time
 Setpoint 8, Middle Hysterisis, Disturbance On
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Temperature Sensor Output vs. Time,
Setpoint 6, Middle Hysterisis, Disturbance On 
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Heater Output vs Time
 Setpoint 8, Max Hysterisis
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Temperature sensor output vs. Time
 Setpoint 8, Max Hysterisis
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Heater Output vs Time
 Setpoint 8, Middle Hysterisis
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Temperature sensor output vs. Time
 Setpoint 8, Middle Hysterisis
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Heater Output vs Time
 Setpoint 8, No Hysterisis
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Temperature sensor output vs. Time
 Setpoint 8, No Hysterisis
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Heater Output vs Time
Setpoint 8, Middle Hysterisis, Distrubance On
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Temperature sensor output vs. Time
 Setpoint 8, Middle Hysterisis, Disturbance On
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Heater Output vs Time
 Setpoint 4, No Hysterisis 
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Temperature Sensor Output vs. Time
 Setpoint 4, No Hysterisis
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Heater Output vs Time
 Setpoint 4, Mid Hysteresis
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