Homework 7				Name___________________________________________

1. Determine the sensitivity of the instruments that gave the following readings:
[image: ]

2. Calibration of a voltmeter gave the following data.  Determine the maximum hysteresis error as a percentage of the full-scale range.
[image: ]

3. A copper-constantan thermocouple is to be used to measure temeratures between 0 and 200oC.  The emf at 0 is 0 mV, at 100 oC it is 4.277 mV and at 200 oC it is 9.286.  If a linear relationship is assumed between the emf and temperature over the full range, the non-linearity error at 100 oC is:

4. An incremental shaft encoder gives an output which is a direct measure of:

a. The absolute angular position of a shaft
b. The change in angular rotation of a shaft
c. The diameter of the shaft
d. The change in diameter of the shaft

5. A pressure sensor consisting of a diaphragm with strain gauges bonded to its surface has the following information in its specification:
Range: 0 to 1000 kPa
Non-linearity error: +/- .15% of full range
Hysteresis error: +/- 0.05% of full range
The total error due to non-linearity and hysteresis for a reading of 200 kPa is:

6. The water level in an open vessel is to be monitored by a diaphragm pressure cell responding to the difference in pressure between at the base of the vessel and the atmosphere.  The range of pressure differences across the diaphragm that the cell will have to respond to if the water level can vary between zero height above the cell measurement point and 1 m above it is (take the acceleration due to gravity to be 9.8 m/s2 and the density of water as 1000 kg/m3:

7. A platinum resistance thermometer has a resistance of 100.00 Ω at 0oC, 138.5 Ω at 100oC, and 175.83 Ω at 200oC.  What will be the non-linearity error at 100oC if a linear relationship is assumed between 0oC and 200oC.

8. A temperature transmitter has an input range of 0 to 100 oC, an output range of 4 to 20 mA, and an accuracy of +/- 0.5%.  The ideal transmitter has a linear output from 4 mA at 0 oC to 20 mA at 100 oC.  If the output of the transmitter is 13.6 mA, what are the ideal, minimum and maximum possible temperatures?

9. A pressure transmitter has an input range of 100 kPa to 150 kPa, an output range of 4 to 20 mA and an accuracy of +/- 1%.  The ideal transmitter has a linear output from 4 mA at 100 kPa to 20 mA at 150 kPa.  If the output is 15.2 mA, what are the ideal, minimum and maximum possible pressures?

10. The following data were obtained from four temperature probes that were plunged from a liquid bath maintained at 50 oC into a second bath maintained at 100 oC.  For each probe, plot the response curve and determine the 95% response time, the time constant, and the 10 to 90% rise time:

[image: ]
11. The following data were obtained from a step response test of an underdamped component.  Plot the response curve and determine the 10 to 90% rise time, the overshoot and the 2% settling time:
[image: ]

12. An incremental  encoder is used with a tracking wheel that has a diameter of d cm.  The encoder has Ng holes in the outside track and also in the middle track.  For each of the following condition sets, determine the linear displacement per pulse and the total pulse count required to measure a distance of x meters:
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13. An optical encoder is used with a 10 cm-diameter tracking wheel to measure linear displacement.  The encoder generates 256 pulses per revolution;

Determine the total pulse count produced by the linear displacement of 2 m.
Determine the minimum number of bits required to store the count produced by the measurement of a distance of 20 m.

14. A turbine flow meter has a K value of 45 cm3/pulse.  Determine the volume of liquid transferred for the following pulse count:
30,060

15. Determine the flow rate for each the pulse count in question 14 (above), if the pulse counts occur during a 180 second time interval.

16. Determine the size of the control valve for each of the following liquid flow applications.  Use a safety factor of 25%:

Remember:		
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17. Determine the size of the control valve for each of the following gas flow applications.  Use a safety factor of 25%

Remember:		

[image: ]


18. A displacement float level transducer has the following data.  Determine the minimum and maximum values of the force applied to the beam by the float.
a. Mass of the float 	M=1.5 g
b. Area of the float 	A=50 cm2  
c. Length of the float	L=2.0 m
d. Liquid in the vessel is water
19. Mettler-Toledo™ BC60 Parcel Scale - 150 lbs x .05 lb

[image: Mettler-Toledo&trade; BC60 Parcel Scale - 150 lbs x .05 lb H-5275]

	NTEP CERTIFIED

Compatible with shipping systems from UPS,
FedEx® and other parcel carriers.

	· LB/KG convertible. Bright, easy-to-read 1 5/8" LCD display.
· GeoCal™ automatically calibrates scale right out of the box.
· USB or RS232 connections for plug-and-play operation.
· Large stainless steel platform.
· AC adapter included.
· Optional Roller Ball Top available to easily slide heavy packages on and off the scale.


What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?
20. Global Industrial™ NTEP Pallet Scale With LED Indicator, 4'x4', 5,000 lb x 1 lb
[image: A blue mat with a white background

Description automatically generated]
What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?


21. OHAUS Scout® Balance Scale - 420 grams x 0.1 gram
[image: OHAUS Scout&reg; Balance Scale - 420 grams  x 0.1 gram H-5851]

	Compact and dependable. Widely used in schools and manufacturing facilities.

	· Simple four-button operation.
· Six application modes: weighing, parts counting, check weighing, percent weighing, totalizing and display hold.
· G/OZ/OZT/DWT/N/CT/GRN convertible.
· Large, easy-to-read LCD display.
· Calculates sample weight.
· Powered by 4 AA Batteries or included AC adapter.


What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?
22. Cole-Parmer IBS-200-30H Hi-Resolution Compact Industrial Bench Scale, 30kg x 1g, Universal Power
[image: Cole-Parmer IBS-200-30H Hi-Resolution Compact Industrial Bench Scale, 30kg x 1g, Universal Power]
Cole-Parmer – Item # UX-10245-03  
Basic weighing and simple check weighing in a compact design 
· Large backlit LCD for quick reading
· Overload protection prevents damage to internal components
· LED signals is sample is under, within, or over set limits
· Display hold function freezes display when load is removed
· Large stainless-steel pan allows for quick cleaningMORE + 
What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?
23	A&D Weighing HV-200KC Bench Scale, 60/150/220 kg x 0.02/0.05/0.1 kg; NTEP 
[image: A&D Weighing HV-200KC Bench Scale, 60/150/220 kg x 0.02/0.05/0.1 kg; NTEP Approved]
A&D Weighing – Mfr # HV-200KC – Item # UX-11124-54 
Multicolored comparator lights ensure accurate checkweighing 
· Accumulation function displays sum total of separate weighing results
· Ten-digit keypad simplifies setting comparator limits
· IP65-rated base and stainless steel pan allow for wet weighing and easy cleanup
· Built-in key lock prevents unwanted changes and seamless data capture
· Large LCD with bright white backlight enables viewing in dim light
What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?

24. For the following Optima Scale, determine the accuracy as a percent of full scale:
[image: Optima Scale]
Optima Scale 7' x 7' NTEP floor scale is built for longevity and accuracy. Features a rugged diamond deck safety tread plate and steel frame for non-slip durability and heavy duty weighing. The floor scale is accurate down to 5 lbs. and has a maximum capacity of 20,000 lbs. Includes a 200% overload protection against excessive weight. NTEP approved for use in legal for trade applications.
Complete with digital weight indicator that has a large and bright LED display, with quick connects and factory calibration that allow the scale to operate immediately with minimal setup. Equipped with a built-in RS232 serial port to pair with a printer, remote display, and data-logging software.

What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?
SLS Single Animal Livestock Scales (USA Made)
$12,995.00 – $18,995.00 
Prime USA Scales offers our Cardinal SLS cattle scale with PEN. The platform comes in a variety of sizes. The model includes (1) 180 Digital Indicator. Scale is designed with four TB 2,500 lb stainless steel load cells with support feet. Easy side access to stainless steel junction box. This helps avoid complicated access under the scale like most models. System comes configured and calibrated for accuracy. Ideal for weighing bulls, horses, cattle, steers, alpacas, and many other pre-existing chutes/pens to fit inside.
Scale is built with a steel deck scale with rugged structural steel channel frame, livestock pen and 78” tall dual slide-out gates (swing gate available upon request), extremely-accurate 5,000 lb x 1 lb capacities, four model TB 2500-lb stainless steel load cells with adjustable support feet, side-access stainless steel junction box, rubber mat interior flooring for sure footing and noise reduction, NTEP certification, and USA-made quality construction throughout the scale for weighing cattle, sheep, goats, horses and more.
Model SLS Base Specs: 
· Robust Diamond Plated Steel
· USA Made Load Cells
· Stainless Steel Load Cells
· USA Made Platform
· 200% Overload Protection
· Stainless Steel Junction Box
· 5 Year Warranty on Steel Frame
· Heavy-Duty 5/8″ Thick Rubber Mat
· Anti-corrosion: Polyester powder paint
· NTEP: No. 13-083 (Legal for Trade)
Model 180 Indicator Specs:
· Serial Connectivity for output to Printer
· Versatile Mounting Bracket for Wall
· Highly Visible, 0.5″ High bright LED
· 304 Graded Stainless Steel Enclosure
· Gross, Tare, Net Conversion
· Power Requirements: 12 VDS 1A UL/CSA
· Enclosure Size: 7.70″ W x 3.77″ H x 1.28″ D
· Weight: 2.1 lb
· Load Cell Cable Length: 30′
· RS-232 Bi-Directional
· Weighing Units: Lb, KG, Ounces
· Number of Load Cells: 4 each at 350 ohms
· 2 Year Warranty on Digital Indicator
· NTEP Approved (Legal for Trade)
Features:
· Accurate to with-in 1 lb
· Agricultural products
· Rated for outdoor use
· Weather resistant for rain
· Dual Slide-out gates Included
· Made in USA and Best Quality
· Mild STeel Construction
· NTEP Approved (Legal for trade)
· Stainless Steel Load Cells
· Capacities up to 5,000 lb
Specifications:
· Load cells: USA Made Cardinal TB 2,500 lb Stainless Steel
· NTEP: Certificates of Conformance Number 13-083
· Capacities / Divisions: Available in 5,000 lb x 1 lb
· Szies: 30 x 96, 36 x 96, 36 x 120, 48 x 96, and 48 x 120 in
· Platform Material: Steel with rubberized non-skid mat
What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?

25. [bookmark: _GoBack]For the following scale, determine the accuracy as a percent of full scale:
[image: https://merrick-inc.com/images/products/weigh-belt-feeders/970N-weigh-belt-feeder.jpg]
Model 970N Information
· Materials of Construction
· 304 Stainless Steel on all metal components
· Surface finished to customer specifications
· All Welds Continuous and Ground Flush
Conveyor
· Two cantilevered Arms for Support
· Sealed for life pulley Bearings
· Double-Bladed Removable Belt Scraper
Weight Sensing Device
· Direct Mounted Weigh Suspension (no moving parts)
· Easy, 3-point Alignment
· Single Strain Gauge Load Cell 
· Stainless Steel, Hermetically Sealed, Temperature and Pressure Compensated
· 350 Ohm Bridge
· 2 or 3 mV/V Signal
· 10 to 15 Volts Excitation
Gravimetric Turndown
· 40:1 from Maximum Feedrate
Ambient Temperature Limits
· 0o to 77o C (32o to 170o F)
Enclosure
· 0.1875" Thick Stainless Steel, Welded Construction
· Full-Length LEXAN® Conveyor Access Door
· Two, One-Third Length LEXAN® Access Doors on Back Side of Feeder
Standard Drive Components
· 0.25 HP DC, Washdown TENV Motor
· SCR Motor Speed Controller
· Lubricant-Free, Steel Reinforced, Polyurethane Drive Belt with Elastometer Tensioner
Feed Rates
Volumetric Throughput: 0.60 to 500 Ft3/Hr (0.17-14.115 M3/Hr.)
(Multiply Volumetric Rate by Bulk Density of Material to Compute Gravimetric Feed Rate)
Standard Power Requirement
· 115 Volts, 1 Phase, 60 Hertz
· 15 Amp Service
Control
· Genetix Touch Screen Process Controller
· Continuous Weighing or Rate-Control Feeding, Batching and Rate-Controlled Batching Applications
· Communication Interfaces 
· Merrick Serial Communications Protocol
· Modbus ASCII, Modbus+
· DeviceNET
· DF1, DH-485, Data Highway+
Accuracy
· + 0.25%
Installed Weight
· 505 Lbs. (315 Kg.) Standard
Optional Accessories
· Calibration Roller Chain
· Maintenance Arms
· Hazardous Location Electrical Components
· AC Drive and Motor Components
· Special Materials of Construction
· Extended Infeed to Discharge Lengths
· Extended Height for Support Stand
· Clean in Place (Air or Water)

What is accuracy of this scale in percent of full scale?  What additional features are available on this scale?

MORE + 
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Temperature (°C)

Time (s) (a) () ©
0 50.0 50.0 50.0
10 66.0 59.1 62.7
20 76.8 66.5 722
30 84.2 726 79.3
40 89.3 71.5 84.6
50 92.7 81.6 88.5
60 95.0 84.9 91.4
70 96.6 87.7 93.6
80 97.7 89.9 95.2
90 98.4 91.7 96.5
100 98.9 93.2 97.4
110 99.3 94.5 98.0
120 99.5 95.5 98.5
130 99.7 96.3 98.9
140 99.8 97.0 99.2
150 99.8 97.5 99.4
160 99.9 98.0 99.6
170 99.9 98.3 99.7
180 100.0 98.6 99.8
190 100.0 98.9 99.8
200 100.0 99.1 99.9
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Time (s) Output (%)

0 0.0

5 36.5
10 74.5
13.5 100.0
15 110.0
18.4 120.0
21.8 110.0
24.0 100.0
25.0 96.0
28.4 91.0
30.0 92.0
32.6 96.0
34.0 100.0
36.0 103.0
39.5 105.0
425 103.0
444 100.0
50.0 97.8
55.0 100.0

60.0 101.0
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(@) d=10cm, Ngz=2000, x=63m
(b)) d=5cm, Nz=500, x=08m
(¢) d=18cm, Ng=1000, x =22m
(d d=12¢cm, Ng=1600, x=86m
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Q. (gpm) Py — Py (psi) G

(a) 2 80 0.80
(b) 14 46 1.00
(© 64 33 0.74
(d) 196 52 0.88
(e) 538 49 1.00
() {148 70 0.87
(g 2376 61 1.00

(h) 4832 57 1.00





image7.png
Qg P 1 P 2 T
(ft/hr) (psi) (psi) (°F) G,
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(a) 2,130 40 20 100 141
(b) 10,840 60 30 420 1.54
(c) 47,500 70 45 140 0.98
(d) 62,700 55 15 280 1.00
(e) 232,000 110 ~ 60 80 1.39
(f) 254,000 80 50 360 0.98
(g) 573,000 70 25 230 1.00
(h) 1,010,000 80 35 170 111
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Increasing input:

Standard mV 0 10 20 30 40
Voltmeter mV 0 10 19 29 40

Decreasing input:

Standard mV 40 30 20 10 O
Voltmeter mV 40 30 21 11 0




