[image: image1.jpg]STATE UNIVERSITY




INVITATION TO BID

BID # 50018-200023
FOR

FESTO, OR APPROVED EQUAL – WORKSTATIONS, MOTORS, MACHINES, ETC. FOR DEPT. OF ENGINEERING TECHNOLOGY

Bid Opening Date: 
June 11, 2020 @ 2:00 PM
Grambling State University

Purchasing Office Conference Room

403 Main Street

Old President’s Residence

Grambling, LA 71245

Scope, Evaluation, Selection, and Award

1.1 Scope
This invitation solicits Invitation to Bid for Festo, or approved equal – Workstations, Motors, Machines, etc. for Dept. of Engineering Technology, as described in Part I of this bid document.

1.2 Evaluation and Selection
All responses received as a result of this ITB shall be subject to evaluation by a duly authorized committee for the purpose of selecting the bidder with whom a contract shall be negotiated.

1.3 Basis of Evaluation and Selection
The basis of evaluation and selection shall be as follows:

1.3.1
The bid shall be evaluated to insure that all requirements have been met.  Failure to meet all of these requirements shall result in rejection of the entire bid without further consideration. 

1.3.2
The next consideration shall be the BID PRICE.

1.3.3
Grambling State University reserves the right to require additional information from bidders, and to conduct necessary investigations to determine responsibility of bidders or to determine accuracy of bid information.

1.3.4
Bidders meeting all requirements may be required to make oral presentations.  Failure to comply shall result in rejection of the bid and forfeiture of bid guarantee.

1.4 Pre-award Negotiations
Upon determination of which bidder is the apparent most responsive and responsible bidder, Grambling State University shall negotiate final contract terms with that bidder.  If for any reason the apparent lowest responsive, responsible bidder does not agree to a contract, its bid shall be rejected and Grambling State University may then negotiate with the next best bidder.  An award shall be made only after the Office of Contractual Review, Division of Administration has approved the final contract form, and the proper university authority signed the final contract.

CAUTION:
ANY BIDDER WHO SHIPS OR OTHERWISE EXPENDS TIME OR MONEY PRIOR TO AWARD AS DEFINED DOES SO AT THE BIDDER’S OWN RISK.
1.5 Award
1.5.1
Grambling State University reserves the right to award items separately, grouped or on an all-or-none basis and to reject any or all bids and waive any informalities.

1.5.2
Grambling State University is not liable for any cost incurred by the bidders prior to execution of a contract, and the issuance of a purchase order.
2.1 Electronic Sealed Bid

Each bidder shall submit one electronic copy of its bid.  Either the entire bid or the consideration section shall be sealed.

2.2 Bid Guarantee    


NOT APPLICABLE
Each bid shall be accompanied by a bid guarantee in the form of a bond (from a surety licensed to conduct business in the State of Louisiana), or a certified or cashier’s check or money order made payable to Grambling State University, or an irrevocable letter of credit from a Federal or State licensed bank in the amount of 5% of total bid.  Bid guarantees shall be subject to forfeiture for failure on the part of the selected bidder to execute a contract within thirty (30) days after such contract is submitted to bidder in conformance with the terms, conditions, and specifications of this solicitation.  Bid guarantees shall be returned upon the award of a contract or upon rejection of all bids.
2.3 Performance Bond      
NOT APPLICABLE
The successful bidder shall be required to provide a performance (surety) bond in the amount of 100 percent of the bid amount to ensure the successful performance under the terms and conditions of the contract negotiated between the successful bidder and the State.  The performance bond shall be subject to forfeiture for failure on the part of the successful bidder to perform its obligations under the contract. 

2.4 Notice to Bidders

Each bidder is solely responsible for the accuracy and completeness of its bid.

2.5 Calendar of Events

Pre-Bid Conference: 


Not Applicable




Deadline to Receive Inquiries: 
May 28, 2020 @ 10:00 AM 




Deadline to Respond to Inquiries: 
June 4, 2020 @ 5:00 AM

Electronic Bid Opening Date: 
June 11, 2020 @ 2:00 PM





2.6 Bidder Inquiries
No negotiations, decisions or actions shall be executed by any bidder as a result of any oral discussions with any Grambling State University employee.  Only those transactions which are in writing, signed by Alvin R. Bradley, Director of Purchasing may be considered as valid.  Likewise, the University only considers communications from bidders which are signed and in writing.

Inquiries concerning this Invitation to Bid shall be submitted via email to:
Grambling State University

Purchasing Office

Attention:  Halana A. Miles

Email to:  milesh@gram.edu

2.7 Changes, Addenda, Withdrawals

If the bidder needs to submit changes or addenda, such shall be submitted in writing, signed in original ink by a representative of the bidder, cross-referenced clearly to the relevant bid section, in a sealed envelope, prior to the bid opening.  Such shall meet all requirements for the bid.  If the bidder chooses to withdraw his bid response, the withdrawal notice shall be in writing and received prior to bid opening.

2.8 Alternate Bids

Alternate bids shall be submitted separately, as individual bids.  Each alternate shall contain its own bid bond.

2.9 Bid Response Format

The bid shall be in one (1) part(s).  The Bid Response shall contain documentation evidencing the bidder’s compliance with the bid requirements.

NOTE:  All costs shall be firm for the term.
2.10 Signature
The bid shall contain electronic signatures or scans of original signatures of those company officials or agents who are duly authorized to sign bids or contracts on behalf of the organization.
2.11 Electronic Delivery of Bids/Bid Opening

Due to the COVID-19 Public Health Emergency declared by Governor John Bel Edwards in Proclamation Numbers 41, 33, 32, 30, 27, and 25 JBE 2020, electronic bid delivery is being utilized for this ITB.

All copies of each bid must be received by electronic copy to purchasingbids@gram.edu, on or before the date and time specified in the Calendar of Events, with the Subject Line: 
ITB #___________ Bid Submission – [Bidders’ Name]. If the file size of the email submission exceeds server requirements, the email submission may be broken into smaller emails with “Part 1 of ___” included at the end of each original Subject Line (e.g. ITB #___________ Bid Submission – [Bidders’ Name] – Part 1 of 3). 

E-mail submissions are the only acceptable method of delivery. Fax, mail, and courier delivery shall not be acceptable. Proposers e-mailing their proposals should allow sufficient time to ensure receipt of their proposal by the time specified. 
After email submission of bids, an automatic reply will go out, stating that the bid has been received.
Grambling State University assumes no liability for assuring accurate/complete e-mail transmission and receipt. 

The responsibility solely lies with each Bidder to ensure their proposal is received at the specified email address prior to the deadline for submission. Bids received after the deadline, corrupted files, and incomplete submissions (e.g. Part 1 and Part 2 of 3 are received, but Part 3 is not) will not be considered.
Electronic e-mailed bids shall be opened on June 11, 2020, at 2:00 P.M., and the results will be emailed to all participating bidders.
ALL BIDS BECOME A MATTER OF PUBLIC RECORD AT THAT TIME.  BY SUBMITTING A BID, BIDDER SPECIFICALLY ASSUMES ANY AND ALL RISKS AND LIABILITY ASSOCIATED WITH INFORMATION MARKED CONFIDENTIAL IN THE BID AND THE RELEASE OF THE INFORMATION.
Each bidder is solely responsible for the timely delivery of its bid.  Failure to meet the bid opening deadline shall result in rejection of the bid.

2.12 Prime Contractor Responsibilities
The selected bidder shall be required to assume responsibility for all items offered in his bid whether or not he produces them.  Further, GSU shall consider the selected bidder to be the sole point of contact with regard to contractual matters, including payment of any and all charges resulting from the contract.  Grambling State University reserves the right to contract separately for maintenance with the equipment manufacturer.
2.13 Acceptance of Bid Content

The bid shall become contractual obligations if a contract ensues.  Failure of the successful bidder to accept these obligations shall result in the rejection of the bid.
3.1 Presentation
Clarity of presentation is desired.  Bids should be prepared simply and economically, providing a straightforward, concise description of the bidder’s ability to meet the requirements of this bid.  Elaborate binds, colored displays and promotional material are not desired.  Emphasis should be on completeness and clarity of content.  It is not necessary for the bidder to return the bid package.

3.2 Inclusion of Bidder Forms, Contracts, etc.

Bidder contracts, forms or other materials and information not part of this bid may be submitted separately and clearly identified. 

Bidders should not submit their preprinted contract forms.  If such forms are submitted they will not be considered in the evaluation, award, or in contract negotiations in accordance with La. R.S. 39:200 F.

3.3 Number of Copies of Bid and Copies of W-9 Form

Grambling State University requests that one copy of the bid and one copy of the bidders’       W-9 form be submitted to the Purchasing Office at the email address specified. 
3.5 Bid Validity
All bids shall be considered valid for acceptance until 30 days after bid opening, unless the bidder provides for a different time period within its bid response.  However, Grambling State University reserves the right to reject a bid if the bidder’s response is unacceptable and the bidder is unwilling to extend the validity of its bid.

4.1 Contract Clauses

The following terms and conditions shall be required in all contracts, however, the exact wording of these clauses, with the exception of the fiscal funding clause, may be negotiated with the successful bidder.  Just a s it is written it was justified.

4.2 Fiscal Funding
In accordance with La. R.S. 39:1615 C. And E., any contract entered into by Grambling State University as a result of this bid shall include the following Fiscal Funding Clause:

The continuation of this contract is contingent upon the appropriation of funds to fulfill the requirements of the contract by the legislature.  If the legislature fails to appropriate sufficient monies to provide for the continuation of the contract, or if such appropriation is reduced by the veto of the Governor or by any means provided in the appropriations act or Title 39 of the Louisiana Revised Statutes of 1950 to prevent the total appropriation for the year from exceeding revenues for that year, or for any other lawful purpose, and the effect of such reduction is to provide insufficient monies for the continuation of the contract, the contract shall terminate on the date of the beginning of the first fiscal year for which funds are not appropriated.”

All bidders should be aware that our legislative process is such that is often impossible to give prior notice of the non-appropriation of funds.

4.3 Patent and Other Proprietary Right Indemnity
Contractor warrants that all materials and/or products produced hereunder shall not infringe upon or violate any patent, copyright, trade secret, or other proprietary right of any third party.  In the event of a claim by any third party against Grambling State University, the University shall promptly notify Contractor after becoming aware of such a claim.  The Contractor shall defend such claim in GSU’s name, but at Contractor’s expense and shall indemnify and hold harmless GSU against any loss, expense, or liability arising out of such claim, whether or not such claim is successful.  Grambling State University agrees to fully cooperate with the Contractor in the defense of any such action and recognize that Contractor shall have full control of any defense or settlement of the claim.

4.4 General Contract Terms
The following general terms shall be among those included in any ensuing contract:

All contracts entered into as a result of this bid shall be interpreted under Louisiana Law.

No other documents other than the bid, bidder’s bid and final contract shall be binding unless such document has been reviewed by Office of Contractual Review and approved by the University’s lawyer.

BID FORM

BID DATE:                      
TO:  Grambling State University

         Purchasing Department

         Old President’s Residence

         P. O. Drawer 1169

         Grambling, Louisiana 71245

PROPOSAL FOR:  
BIDDER:       acknowledges receipt of the following:
ADDENDA: NO. _____________ DATED ____________________

                       NO. _____________ DATED ____________________

                       NO. _____________ DATED ____________________

                       NO. _____________ DATED ____________________

BID SECURITY: Attached in the sum of (5% of Total Base Bid and all Alternates):
___Not Applicable_________ Dollars ($____________), is to become the property of the Owner in the event the Contract and Bond are not executed within the time set forth, as Liquidated Damages for the delay and additional work caused thereby.

THE BIDDER:  hereby declares that he has:  a) carefully examined the Bidding Documents, b) a clear understanding of the Bidding Documents, c) personally inspected and is familiar with the project site, and d) hereby proposes to provide all labor, materials, tools, appliances and facilities as required to perform, in a workmanlike manner, all work and services for the construction and completion of referenced project; all in accordance with the Contract Documents as prepared by:

GRAMBLING STATE UNIVERSITY

PURCHASING DEPARTMENT

I (WE) AGREE TO FOLLOW REQUIREMENTS, SEQUENCE AND FREQUENCY LISTED UNDER "MAINTENANCE PROCEDURES".

IF I (WE) FAIL TO FOLLOW THESE SPECIFICATIONS AND DOCUMENT THE "MAINTENANCE PROCEDURES" WITH THE OWNER OR IF THERE IS ANY EVIDENCE OF FRAUDULENT DOCUMENTATION, I (WE) WILL WITHOUT RESERVATION, FREELY FORFEIT THE CONTRACT ALONG WITH ANY MONIES DUE FROM THE DATE OF SUCH FINDING.  ALL MATERIALS AND LABOR WILL BE LEFT INTACT AND I (WE) WILL NOT SEEK ANY RESTITUTION.
I (WE) HAVE READ THE ENTIRE SPECIFICATIONS AND WILL NOT USE OVERSIGHT AS AN EXCUSE FOR NOT FULFILLING MY (OUR) OBLIGATION.

For the purpose of identifying this project bid, this project bid shall be identified as follows for:

ITB – PART 1:  ___________________________________  
The Bidder shall fill in the amount for this project.  Contract selection and award will be based on the low bid of this bid item.

ITB – PART 1:
for all work required by the Contract Documents for PART 1 for one (1) calendar year, the lump sum of:

_______________________________________________________________________ 

___________________________________________ Dollars ($__________________)

AWARD AND EXECUTION OF CONTRACT:  When this project is financed, either partially or entirely with State Bonds, the award of this contract is contingent upon the sale of bonds by the State Bond Commission.  The State nor Grambling State University shall incur no obligation to the Contractor, until the Contract between Owner and Contractor is duly executed.

If the Bidder is notified of the acceptance of the bids within thirty (30) days of the opening of bids, he agrees to execute a contract by the Owner, within ten (10) days after notice from the Owner that the instrument is ready for signature.

WITHDRAWAL OF BIDS:  The Bidder agrees that this Bid shall be good and may not be withdrawn for a period of thirty (30) calendar days after the scheduled closing time for receiving bids, except in accordance with the provisions of Act 111 of 1983.  This Bid may be withdrawn at any time prior to the scheduled time for the opening of bids or any authorized postponement thereof.

SIGNATURE AUTHORITY: In accordance with L. R. S. 39:1594 (Act 121), the person signing the bid must be:

1.  A current corporate officer, partnership member or other individual specifically authorized to submit a bid as reflected in the appropriate records on file with the Secretary of State; or

2.  An individual authorized to bind the vendor as reflected by an accompanying corporate resolution, certificate or affidavit; or

3.  An individual listed on the State of Louisiana Bidder’s Application as authorized to execute bids.

By signing the bid, the bidder certifies compliance with the above.

NAME OF BIDDER:  ____________________________________________

           

      BY:  ____________________________________________

                       TITLE:  ____________________________________________

                ADDRESS:  ____________________________________________

                                      ____________________________________________

                     DATED:  ____________________________________________

NOTE:  If Bidder is a corporation, write State of Incorporation under signature; if partnership, give full names of all partners.
PART 1

	ITEM#
	QTY
	DESCRIPTION
	UNIT PR
	EXT. PR.

	1
	2
	579484 Festo Workstation, or approved equal

1. Workstation

a. Shall allow the safe operation of items 2-11 below.  

b. Shall fit on a tabletop.
	
	

	2
	2
	579759 Festo DC Motor/Generator, or approved equal

1. DC Motor/Generator

a. Shall be compatible with workstation listed in #1

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. The DC Shunt Motor

1. Study the torque vs. speed characteristics of a shunt wound DC motor

2. Calculate the efficiency of the shunt wound DC motor

ii. The DC Series Motor

1. Study the torque vs. speed characteristics of a series wound DC motor

2. Calculate the efficiency of the series wound DC motor

iii. The DC Compound Motor

1. Study the toque vs. speed characteristics of a compound wound DC motor

2. Calculate the efficiency of the compound wound DC motor

iv. The DC Separately-Excited Shunt Generator

1. Study the properties of the separately excited DC shunt generator under no-load and full-load conditions

2. Obtain the saturation curve of the generator

3. Obtain the armature voltage vs. armature current load curve of the generator

v. The DC Self-Excited Shunt Generator

1. Study the properties of the self-excited DC shunt generator under no-load and full-load conditions

2. Connect the self-excited generator

3. Obtain the armature voltage vs. armature current load curve of the generator

vi. The DC Compound Generator

1. Study the properties of compound DC generators under no-load and full-load conditions

2. Connect both the compound and the differential compound generators

3. Obtain the armature voltage vs. armature current load curves for both generators

vii. The DC Series Generator

1. Study the properties of the DC series generator

2. Connect the series generator

3. Obtain the armature voltage vs. armature current load curve of the generator

· Maximum Current 10 A Typical Current 1.5 A per student group

· AC Power Network Installation

3 phases (120/208 V – 60 Hz), star (wye) configuration including neutral and ground wires, protected by a 20 A circuit breaker AC Power Network Connector NEMA L21-20
	
	

	3
	2
	586267 Festo Four-Pole Squirrel-Cage Induction Motor, or approved equal

1. Four-Pole Squirrel-Cage Induction Motor

a. Shall be compatible with workstation listed in #1

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. The Squirrel-Cage Induction Motor

1. Examine the construction of the three-phase squirrel-cage motor

2. Determine its starting, no-load, and full-load characteristics

3. Eddy-Current Brakes and Asynchronous Generators

4. Effect of Voltage on the Characteristics of Induction Motors

5. Single-Phase Induction operation of a Three-Phase Squirrel-Cage Induction Motor
	
	

	4
	2
	579774 Festo Universal Motor, or approved equal

1. Universal Motor

a. Shall be compatible with workstation listed in #1

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. Examine the construction of the universal motor

ii. Determine its no-load and full-load characteristics while operating on alternating current

iii. Determine its no-load and full-load characteristics while operating on direct current

iv. The Universal Motor, Part II

v. Compare the starting torque on both AC and DC

vi. Observe the effects of removing the compensating winding

vii. Provide the motor with inductive compensation
	
	

	5
	2
	763359 Festo Resistive Load, or approved equal

1. Resistive Load

a. Shall be compatible with workstation listed in #1

b. Shall include 3 banks of resistors allowing balanced or unbalanced 3-phase loads
	
	

	6
	2
	763362 Festo Inductive Load, or approved equal

1. Inductive Load

a. Shall be compatible with workstation listed in #1

b. Shall include 3 banks of resistors allowing balanced or unbalanced 3-phase loads
	
	

	7
	2
	763366 Festo Capacitive Load, or approved equal

1. Capacitive Load

a. Shall be compatible with workstation listed in #1

b. Shall include 3 banks of resistors allowing balanced or unbalanced 3-phase loads
	
	

	8
	2
	579603 Festo Power Supply, or approved equal

1. Power Supply

a. Shall be compatible with workstation listed in #1

b. Shall be able to provide enough power for all of the listed components in a normal operation

c. Shall include fixed 3-phase with neutral and ground (120V-208V) as well as variable 3-phase

d. Shall include fixed 120V DC as well as Variable DC

e. Shall include all needed protection

f. Shall include a voltmeter
	
	

	9
	2
	579638 Connection Leas set, or approved equal

1. Connection Lead Set

a. Shall be compatible with workstation equipment 2-10

b. Shall have safety leads for all voltages above 30 volts
	
	

	10
	2
	579648 Four-Quadrant Dynamometer/ Power Supply, or approved equal

1. Four-Quadrant Dynamometer/Power Supply

a. Shall be compatible with workstation listed in #1

b. Shall allow operation of all of the other electrical machines listed in the previous items either as generator or motor

c. Shall allow display of torque, speed, and mechanical power

d. Shall allow usage as an additional power supply when the mechanical functions are not in use for at least the following modes:

i. Variable DC voltage source

ii. Variable DC current source

iii. Variable voltage 50 Hz and 60 Hz voltage source

e. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. Prime Mover and Dynamometer Operation

ii. Motor Power, Losses, and Efficiency
	
	

	11
	2
	579692 Data Acquisition and Control Interface, or approved equal

1. Data Acquisition and Control Interface

a. Shall be compatible with workstation listed in #1

b. Shall include the following functions:

i. Metering

1. Voltage, Current, Electrical Power (P,Q,S), Frequency, Power Factor, Phase Shift, Crest Factor, Torque, Speed, Mechanical Power, Efficiency with up to 18 simultaneous values displayed

ii. 8-trace oscilloscope

iii. Phasor Analyser

iv. Harmonics Analyzer

v. Data Table for automatic measurement recording
	
	

	12
	2
	579407 Three Phase Rotating Machines (Student Manual), or approved equal 

1. Three Phase Rotating Machines (Student Manual)

a. Shall be compatible with workstation listed in #1 and electrical machines listed in 2-11
	
	

	13
	2
	579409 Three Phase Rotating Machines (Instructor guide), or approved equal

1. Three Phase Rotating Machines (Instructor Guide)

a. Shall be compatible with workstation listed in #1 and electrical machines listed in 2-11
	
	

	14
	2
	579469 Conventional DC Machines and Universal Motors (Student Manual), or approved equal

1. Conventional DC Machines and Universal Motors (Student Manual)

a. Shall be compatible with workstation listed in #1 and electrical machines listed in 2-11
	
	

	15
	2
	579470 Conventional DC Machines and Universal Motors (Instructor guide), or approved equal

1. Conventional DC Machines and Universal Motors (Instructor Guide)

a. Shall be compatible with workstation listed in #1 and electrical machines listed in 2-11
	
	

	16
	2
	579637 Timing Belt, or approved equal

1. Timing Belt

a. Shall be compatible with workstation listed in #1 and electrical machines listed in 2-11
	
	

	17
	2
	581108 Magnetism and Electromagnetism, or approved equal

1. Magnetism and Electromagnetism board

a. Shall be compatible with the base unit listed in #13

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. What is Magnetism?

ii. Magnetic Fields

iii. Making a Magnet

iv. What is an Electromagnet?

v. The Solenoid

i. The Relay

2. Must be compatible with a base that provides power
	
	

	18
	2
	581096 Transducer Fundamentals

1. Transducer Fundamentals board

a. Shall be compatible with the base unit listed in #13

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. Introduction to Transducers

ii. Introduction to the Circuit Board 

iii. Temperature Measurement 

iv. Temperature Control

v. Thermistor Characteristics

vi. RTD Characteristics

vii. Thermocouple Characteristics

viii. Capacitance Sensor

ix. Touch and Position Sensing 

x. Strain Gauge Characteristics 

xi. Bending Beam Load Cell (Strain Gauge) 

xii. Ultrasonic Principles

xiii. Distance Measurement 

xiv. Infrared Transmission/Reception 

xv. IR Remote Control

xvi. Force Measurement 

ii. Troubleshooting Transducer Circuits

2. Must be compatible with a base that provides power
	
	

	19
	2
	580913 AC 2 Fundamentals, or approved equal

1. AC 2 Fundamentals board

a. Shall be compatible with the base unit listed in #13

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. Series RLC Circuits

ii. Parallel RLC Circuits

iii. Series Resonant Circuits

iv. Q and Bandwidth of a Series RLC Circuit

v. Resonant Frequency in a Parallel LC Circuit

vi. Q and Bandwidth

vii. Power Division

viii. Power Factor

ix. Low Pass Filters

x. High Pass Filters

xi. Band Pass Filters

xii. Band Stop Filters

xiii. Troubleshooting Basics

iii. Troubleshooting the AC 2 Fundamentals Circuit Board

2. Must be compatible with a base that provides power
	
	

	20
	2
	580889 DC Network Theorems, or approved equal

1. DC Network Theorems board

a. Shall be compatible with the base unit listed in #13

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. Component Location and Identification

ii. Circuit Board Operation

iii. Currents in Two-Element Branch Circuit

iv. Node Currents in a Two-Element Branch Circuit

v. Voltages in a Three-Element Series Circuit

vi. Algebraic Sum of Voltages in a Series Circuit

vii. Generating Loop Equations

viii. Generating Node Equations

ix. Kirchhoff’s Voltage Law with a Two-Source Circuit

x. Kirchhoff’s Current Law with a Two-Source Circuit

xi. Mesh Solutions of a Two-Source Circuit

xii. Superposition Solution for a Two-Source Circuit

xiii. Millman’s Theorem Solution for Two-Source Circuit

xiv. Thevenizing a Single-Source Network

xv. Thevenizing a Dual-Source Network

xvi. Thevenin Resistance (Rth) of a Bridge Circuit

xvii. Thevenin Voltage (Vth) of a Bridge Circuit

xviii. Thevenin to Norton Conversion

xix. Norton to Thevenin Conversion

xx. Tee and Wye or Pi and Delta Networks

xxi. Transformation of Delta and Wye Networks

xxii. Troubleshooting Basics

xxiii. Troubleshooting DC Networks 

2. Must be compatible with a base that provides power
	
	

	21
	2
	91024-24 Motors and Generators, or approved equal

1. Motors and Generators board

a. Shall be compatible with the base unit listed in #13

b. Shall allow study and experimentations, including documentation about theory and step by step procedure, of:

i. DC Motor Circuits Familiarization 

ii. Stepper Motor and AC Motor Circuits 

iii. Analog DC Motor Positioning 

iv. PWM DC Motor Positioning 

v. Analog Speed Control of a DC Motor 

vi. Pulsed Speed Control of a DC Motor

vii. Variable Frequency Control

viii. The Tachometer Generator

ix. The Stepper Motor

x. The Stepper Motor Controller

xi. Troubleshooting

2. Must be compatible with a base that provides power
	
	

	22
	1
	Shipping and Handling Charges
	
	

	23
	1
	LESS: Educational Discounts (if any)
	
	

	24
	1
	TOTAL BID PRICE
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