Closed Transition, Soft Load, Magnum Stored Energy Automatic Transfer Switches

Section 16497C


Section 16497C

Closed Transition, Soft Load, Magnum Stored Energy Automatic Transfer Switches

Specification writer notes:

A Closed Transition Transfer Switch connects the sources of supply together.  When this paralleling of sources involves a utility, utility approval may be required. Additional Utility Grade relaying may be required for this approval.

PART 1  GENERAL

1.01
Scope

A. Furnish and install, where indicated, closed transition soft load transfer switches (CTTS) having the ratings, features, accessories and enclosures indicated on the drawings or noted herein.  The CTTS shall consist of a power transfer switch panel and a logic control panel interconnected to provide complete automatic operation.  The CTTS shall be fully rated to protect all types of loads, inductive and resistive, from loss of power without de-rating.

B. The CTTS shall be a “Soft Load” type allowing for source synchronization, real, and reactive load control through the direct control of the generator voltage regulator, and governor.

C. The materials and equipment shall be a standard product of a manufacturer regularly engaged in the manufacture of transfer switch equipment. The experience shall include applications of equipment and materials of the same design and/or rating as the Transfer Switches supplied.

D. The CTTS shall transfer the load without interruption only when both sources are available and within user definable limits. The CTTS shall operate in a conventional open transition mode (break-before-make) when only one power source is available. 

E. The user shall have the ability to remotely monitor the status of both sources, the CTTS and the associated genset. The user shall also have the ability to perform remotely all CTTS functions that are available local to the switch itself. Remote monitoring can be either through phone line access, or ethernet( LAN connection.

F. The CTTS shall trigger a local and remote alarm if any abnormal condition occurs with the two sources, CTTS or Generator.

1.02
Codes and Standards

The CTTS and accessories shall conform to applicable sections of the following codes and standards:

A. CSA C22.2 #178 – Standard for Transfer Switch Equipment (as applicable)

B. CSA C22.2 #31 – Standard for Low Voltage Switchboards (as applicable)

C. CSA C22.2 #5 – Standard for Molded Case and Insulated Case Switches

D. CEC – Canadian Electrical Code Part 1 Section 24-304.

E. CSA Z32.4-M86 – Essential  Electrical Systems for Health Care Facilities

F. CSA C282-M89 – Emergency and Standby Power Systems

G. NEMA Standard ICS 10-1993 – AC Automatic Transfer Switches

H. IEEE Standard 241 – IEEE Recommended Practice for Electrical Power Systems in Commercial Buildings

I. IEEE Standard 446 – IEEE Recommended Practice for Emergency and Standby Power Systems

J. IEEE Standard 472 – IEEE Surge Withstand Capability

K. EGSA  100-S – Performance Standard for Transfer Switches

L. FCC Part 15 – Radiation and Susceptibility to Radio Frequency Interference

3.01 manufacturers

A. Eaton (Cutler-Hammer brand)

B. (__________

C. (__________

The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety. Products in compliance with the specification and manufactured by others not named will be considered only if pre-approved by the engineer ten (10) days prior to bid date.

1.04
Submittals – For Review

A. A complete list of equipment and materials proposed, with an adequate description of each item to be furnished, shall be submitted prior to approval.

B. If the equipment is approved and labeled under CSA C22.2 #178, then certification of compliance is not required.  CSA C22.2 #178 approval does not relieve the contractor of compliance with the Canadian Electrical Code, or compliance with any local codes or standards which may apply.

1.05
Submittals – For Information

A typical wiring diagram shall be furnished with the CTTS, along with installation and maintenance instructions.

PART 2  PRODUCTS

2.01
Mechanically Held Transfer Switch

A. The transfer switch section shall be electrically operated and mechanically held.  The electrical operator shall be a stored energy mechanism, with a non-fused motor used for charging the mechanism.

B. The switch shall be positively locked and unaffected by momentary outages so that contact pressure is maintained at a constant value and temperature rise at the contacts is minimized for maximum reliability and operating life.

C. All main contact assemblies shall be completely enclosed, of silver composition and shall not weld when used with the upstream over-current protective device shown on the plans and with the available fault current as specified.

D. The transfer switch shall be capable of being safely operated manually under load.  Provisions shall be provided to allow disengagement of the electrical operator during manual operation.  Manual operation shall not allow “teasing” of the contacts which may result in welding, or flashover from switching the contacts slowly.  CTTS designs not capable of manual transfer under load shall not be acceptable.

E. Where neutral conductors are to be solidly connected as shown on the plans, a neutral conductor terminal plate with fully-rated AL-CU pressure connectors shall be provided.

F. Four pole transfer switches with fully rated neutrals shall be provided for separately derived systems.  A non-load break or overlapping neutral shall not be acceptable.

G. The transfer switches shall be provided with a draw-out mechanism.  The mechanism shall provide visual indicators as to position of the switch during the draw-out operation.  Each contact assembly shall be individually removable without interrupting the current carrying capability of the alternate source contact assembly. 

H. The transfer switch mechanism shall include integral overcurrent protection in one or both switching mechanisms, thereby eliminating one or two separate upstream circuit breakers.

I. Main contacts shall be designed and type tested to withstand multiple fault currents and shall meet CSA 22.2 No. 178

2.02
Microprocessor transfer Switch Control Panel

A. The control panel shall direct the operation of the transfer switch.  The panel’s sensing and logic shall be controlled by a built-in microprocessor for maximum reliability, minimum maintenance, and inherent communications capability. There shall be a keyed switch to enable the control panel to be disconnected from the transfer switch for routine maintenance.

B. The control panel shall be self-enclosed and be mounted separately from the transfer switch unit for safety and ease of maintenance.  The controller shall be the Encorp GPC( or approved equal.

C. The Control panel shall be PC based and shall be field programmable either with a laptop computer or with an installed Human Machine Interface (HMI). Use of Specific Purpose Handheld Programmers are not permitted. The following parameters shall be field programmable:

1. Synchronizer Gain

2. Voltage Matching Window

3. Allowable Slip Frequency

4. Normal source stable / retransfer delay

5. Synchronizer failure timeout

6. Number of Breaker closure attempts

7. Normal source failed delay time

8. Open transfer delay time

9. Emergency source stable time

10. Engine fail to start time

11. Number of crank attempts

12. Rate of load transfer from normal to emergency source

13. Emergency source disconnect level

14. Normal source disconnect level

15. Engine Cool-down time

16. Normal and Emergency Source “soft load” disconnect levels

17. Protective Relay Setpoints, time delays, and hysteresis

A. The control panel must provide both phase and voltage matching automatic synchronization with field programmable voltage and phase limits. 

B. The interface between the transfer switch control panel and the engine governor must be a (3.0Vdc analog signal, providing between a minimum of 3.0% and a maximum of 10.0% offset of speed/frequency when the signal goes to maximum.

C. The control panel must provide information on the status of the generator in an Echelon® LonMark™ standard protocol format. This information shall consist of at a minimum:


1.
Generator Voltage, Current, Real Power, Reactive Power, Apparent Power, Run Time, Peak Demand and energy usage, and harmonic distortion for total, total odd, total even, and individual harmonics through the 15th harmonic.


2.
Normal source Voltage, Current, Real Power, Reactive Power, Apparent Power, Run Time, Peak Demand and energy usage, and harmonic distortion for total, total odd, total even, and individual harmonics through the 15th harmonic.


3.
Breaker Status of the normal and emergency sources.

D. The control panel shall meet the following test requirements:

1. ANSI/IEEE C37.20.1-1987 p. 5.3.4.2

2. UL 991 p. 8.1 – Power Supply Interruption

3. UL 991 p. 9 – Transient Overvoltage Test

4. UL 991 p. 10.1 – Voltage Rise Test

5. UL 991 p. 10.2 – Voltage Fall Test

6. UL 991 p. 7.1  - Overvoltage

7. UL 991 p 7.2 – Undervoltage Test

8. UL 991 p. 11 – Electromagnetic Susceptibility Test

9. UL 991 p. 12 – Electrostatic Discharge Test

10. UL 991 p. 16 – Effects of Shipping and Storage

11. UL 991 p. 17.1, 17.2 – Thermal Cycling

12. UL 991 p. 18 – Humidity Test

13. CISPR 11 – Radio Interference

14. IEC 801-2 – Electrostatic Discharge

15. IEC 801-3 – Radiated Susceptibility

16. IEC 801-4 – Fast Transient Test

17. IEC 801-5 – Surge Withstand Test 

18. FCC Part 15, Subpart B, Class A – Conducted Radiated Emissions

2.03
System Control Panel

The CTTS shall be equipped with a system control panel, mounted on an interior surface of the CTTS. This control panel shall have the following controls:

Automatic Operation - Enable/Disable (2 Position Selector Switch)

In the “Enable” position the CONTROLLER has control of the transfer switch. In “Disable”, the CONTROLLER is disabled and only physical, manual operation of the breakers is permitted.

Test Mode - Engine Run/OFF/Transfer Test ( 3 Position Selector Switch)

When “Automatic Operation” is “Enabled”, the “Engine Run” position starts the engine and brings it to rated speed and voltage. The engine will remain operating until the Test mode switch is returned “OFF” position, at which time the unit will initiate the normal cooldown cycle. The unit will not synchronize or parallel in this mode.

Also with “Automatic Operation” enabled, “Transfer Test” initiates the engine start, synchronizes to utility, performs a soft load transfer for a predetermined time then soft load transfers back to utility (Similar to a Plant Exercise operation).

Transition Mode - Open/Closed ( 2 Position Selector Switch)

Selects either open transition or closed soft load transition.

Display – On/Off (2 Position Selector Switch)

Energizes/De-energizes the Cutler-Hammer Industrial PC.

Alarm Reset - ( Push Button)

Resets alarm initiated by CONTROLLER.

Alarm Silence ( Push Button)

Disarms Horn

Horn (Alarm)

Sounds when CONTROLLER senses a fault condition.

Test – Auto/Initiate Test ( Selector Switch)

When “Automatic Operation” is enabled, this allows the “Initiate Test” to be operable.

2.03
Annunciation


The CTTS shall be provided with Indicator Lamps for the following conditions:

Normal Available (White)

Emergency Available (White)

Engine Run (White)

Normal Open (Green)




Emergency Open (Green)




Fail to Synch (Amber)

Normal Closed (Red)


Emergency Closed (Red)


Control not in Auto (White)

Normal Tripped (Amber)



Emergency Tripped (Amber) 



Control Fault (Red)

Reverse Power Fault (Amber)


Protective Relay Fault (Red)




Lamp Test

The alarm horn will sound when a fault indicator is lit. The horn may be locally silenced.
Lamps are 1 inch diameter and are clearly visible under bright room lighting conditions.  Permanent labels are provided for each alarm lamp.

2.04
Protective Relays

Protective relays shall be required and must meet ANSI/IEEE C37.90 1984. Protective functions to be included are:

· Over and Under Generator Voltage (27,59)

General purpose single phase voltage relay. Functions on a predetermined value of voltage. Alarm outputs are activated if the voltage input is outside the defined limit.

· Over and Under Utility Voltage (27,59)

General purpose 3-phase voltage relay. Functions on a predetermined value of voltage. Alarm outputs are activated if one or more voltage inputs are outside the defined limits.

· Over and Under Generator Frequency Relay (81U, 81O)

General purpose frequency relay. Functions on a predetermined value of frequency. Alarm outputs are activated if the frequency input is outside the defined limit.

· Over and Under Utility Frequency Relay (81U, 81O)

General purpose frequency relay. Functions on a predetermined value of frequency. Alarm outputs are activated if the frequency inputs are outside the defined limits.

· Directional Power Relay (Real and Reactive) (32)

Two types of directional power relays are provided: one for  real (Kw) power and the other for reactive (KVAR) power. Both function on a desired power flow in a given direction. The alarms of both relays are activated if the watts/VAR values are outside the defined limits.

· Negative Sequence Relay (46,47)

Functions when the polyphase currents are of reverse-phase sequence, or when the polyphase currents are unbalanced. Alarm outputs are activated when values are outside predetermined values.

· Voltage Restrained Overcurrent (51V)

Functions when current on any phase exceeds a preset value while voltage out of phase is less than a preset value. Alarm outputs are activated when values are outside predetermined values.

The minimum response time of all these relays shall be less then eight cycles. These relays provide configurable limits, hysteresis, set and reset times. All relays are definite time delay relays, and each has two levels of set points for each trip. This allows warning and alarm limits to be set or time delay functions or immediate trips for the same parameter. Set times and hysteresis settings for both levels are independent, and both the real and reactive power relays can be configured as reverse power relays.

2.05
Enclosure – Type A & Type B

A. The CTTS shall be supplied in the appropriate enclosure as shown on the plans.  The enclosure shall be painted with the manufacturer’s standard painting procedures to insure suitability for environmental conditions as referenced in the plans.

B. The enclosure and all parts subject to corrosion, other than copper bus or electrical connections, shall be coated with the manufacturer’s standard corrosion protection procedure.

C. The contractor’s field wiring terminating within the enclosure shall comply with NFPA-70.  Wires shall be permanently marked near the terminal at each end with the wire number on the approved shop drawings.  Terminal blocks shall conform to NEMA Standard ICS4.  Terminal facilities shall be arranged for entrance of external conductors from the top or bottom of the enclosure.  Main transfer switch terminals shall be suitable for the termination of conductors shown on the plans.

PART 3  OPERATION

3.01
Sequence of Operations

Loss of Normal Power

The system will continuously monitor the condition of the normal power supply.  When a commercial power loss is sensed, a start signal is generated after an adjustable time delay start period, TDES (factory set at 3 seconds).  On receipt of this signal, the generator set automatically starts.  It then accelerates to rated frequency and builds up to rated voltage.  After a pre-set adjustable time delay transfer period (TDNE), the utility breaker is opened and the generator breaker is closed.

Return of Normal Power (Open Transfer)

When all of the system start signals are removed, the system will begin an adjustable time delay retransfer sequence.  On completion of the time delay retransfer, the generator set transfer breaker will open and, one second later, the utility transfer breaker will close.  The generator set will run unloaded for a cool down period.  When the cool down time delay expires, the unit will shut down and the system will again be ready for automatic operation.

Return of Normal Power (Closed Transfer)

When normal power is restored, the system will begin an adjustable time delay retransfer sequence (factory set at 15 minutes).  On completion of the time delay retransfer, the generator set bus will automatically synchronize with the utility service across the utility transfer breaker.  When the two systems are synchronized, the utility breaker will close and the generator set will gradually transfer all loads to the utility.

On completion of the load transfer sequence, the generator set transfer breaker will open.  The generator set  will run unloaded for a cool down period.  When the cool down time delay expires, the unit will shut down, and the system will again be ready for automatic operation.  Controls are provided to prevent parallel connection to the utility for periods in excess of 15 seconds.

Test Mode (Open Transfer)

Operation of the test switch will simulate a power failure in the system, causing the generator set to start, and the system to transfer as described before in “Loss of Normal Power.”

Returning the test switch to normal will cause the system to return to normal power as described in “Return of Normal Power (Load Break Mode).”

Test Mode (Closed Transfer)

Operation of the test switch will cause the generator set to start and build up to rated speed and voltage.   The generator set bus will be synchronized to the utility across the generator set transfer breaker.  When the two sources are synchronized, the generator set transfer breaker closes and the generator set will gradually assume all system loads.  When all loads have been transferred to the generator set bus, the utility transfer breaker will open.

Returning the test switch to normal will cause the system to return to normal power as described in “Return of Normal Power (Non-Load Break Mode).”

Failure of a Generator Set to Start or Synchronize

If the generator set fails to start, the overcrank time delay in the generator set control will time out, the unit will be locked out and an alarm will sound.  The system will remain connected to the normal service.

If the generator set fails to synchronize, the alarm will sound, and the controls will continue to attempt to synchronize the generator set to the utility until a manual intervention occurs.  The sync-check relays prevent parallel connection as long as the two sources are not synchronized.

Failure of the Generator Set

A generator set failure will cause the generator set transfer breaker to open, and the alarm lamp and horn to operate.  The load will then transfer back to the utility source, if it is available.

3.02
Remote Monitoring

A. A Cutler-Hammer D720 or D725 industrial grade PC, or equal shall be supplied.

B. The system must be able to monitor in real time and log data from both the engine and the generator set. Monitored parameters will include, but not be limited to:

1. Normal feeder

2. Three Phase Voltage and Currents

3. Real, Reactive and Apparent Power

4. Peak Demand and total energy used

5. Generator feeder

6. Generator set voltage and current

7. Harmonic distortion on both Emergency and Normal Sources

A. The remote system shall have the following features:

1. (Optional) Trend any 8 Logged variables on one trend display

2. (Optional) Ability to export history to a database or spreadsheet

3. Ability to remotely control the on-site computer

4. Ability to remotely start-stop the generator

5. Ability to change the operating mode

6. Ability to remotely change set points 

A. The remote system must be accessible from multiple remote locations, allowing only a single connection at a time, but enabling multiple sites to access data. The local sites must be able to call back and provide real time feedback when a failure has occurred. All information from the remote sites must be aggregated into a single, easy to use, user interface to be run on Windows NT. The remote monitoring and dispatch system must be able to group multiple sites for dispatch based on user preferences.

B. The system shall have an emergency paging feature, which will allow paging of an alphanumeric pager through a dial up paging service. This feature will deliver a notification message in case of improper system operation. Paging parameters shall be locally programmable.

3.03
Additional Features

OPTIONAL ACCESSORIES

A. The CTTS shall be service entrance rated.  The required overcurrent protection shall be integral to the transfer switch mechanism.  Separately mounted and wired overcurrent protection devices shall not be acceptable.


B. Power Quality Metering – Cutler-Hammer IQ Analyzer, DP4000 or equal.

C. TVSS – Transient Voltage Surge Suppressor sized for available fault current shall be supplied.

D. A  Loadcenter and dry-type transformer shall be provided in all walk-in type enclosures, to provide lighting and receptacle load, as well as accessory loads for the Generator. Loadcenter shall be sized to handle specified user loads.

PART 4  ADDITIONAL REQUIREMENTS

4.01
Withstand, Interrupt, Closing Ratings and Seismic Ratings 

A. The CTTS shall be rated to interrupt, close on, or withstand an 85kA fault current for 800 through 4000 amperes continuous, or 65kA for 600 through 1200 amperes with any upstream circuit breaker (200KAIC with fuses).  CTTS without identical withstand, closing and interrupting ratings, or that require use of specific upstream protective circuit breakers shall not be acceptable.

B. The CTTS shall be rated for use with an upstream protective device which has a “short-time” trip unit.  Ratings on the CTTS shall be consistent with the short time ratings shown on the plans for the upstream device, and be no less than 60 cycle withstand, or 30 cycles withstand when equipped with integral overcurrent protection.

C. The CTTS shall be 100% rated for continuous duty, and shall be CSA approved through 600 Volts AC in accordance with CSA C22.2 #178 and be labeled in accordance with that standard’s withstand ratings.  CTTS’s which are not tested and labeled with 3 cycle “any breaker” ratings and have series, or specific breaker ratings only, are not acceptable.

D. The voltage rating of the CTTS shall be no less than the system nominal voltage.

E. The continuous current rating of the transfer shall be no less than the maximum continuous current requirement as shown in the plans.

F. (Provide Seismic qualified equipment as follows:

1. The equipment and major components shall be suitable for and certified by actual seismic testing to meet all applicable seismic requirements of the 2006 International Building Code (IBC) Site Classification * [A] [B] [C] [D]. The site coefficients Fa = * [0.8] [0.9] [1.0], FV = * [0.8] [1.0] [1.3] [1.4] [1.5], and spectral response accelerations of SS = * [10] [20] [30] [50] [60] [70] [80] [90] [100] [125] [150] [200] [256]%g, S1 = * [10] [20] [30] [50] [60] [70] [80] [90] [100] [124]%g are used. The test response spectrum shall be based upon a 5% damping factor, and a peak (SDS) of at least *[0.5] [1.0] [1.5] [2.0] [2.5]g’s (3 -12 Hz) applied at the base of the equipment in the horizontal direction. The forces in the vertical direction shall be at least 66% of those in the horizontal direction.  The tests shall cover a frequency range from 1 to 100Hz. Guidelines for the installation consistent with these requirements shall be provided by the equipment manufacturer and based upon testing of representative equipment. Equipment certification acceptance criteria shall be based upon the ability for the equipment to be returned to service immediately after a seismic event within the above requirements without the need for repairs.
-- (OR --

The manufacturer shall certify the equipment based upon a dynamic and/or static structural computer analysis of the entire assembly structure and its components, provided it is based upon actual seismic testing from similar equipment. The analysis shall be based upon all applicable seismic requirements of the 2006 International Building Code (IBC) Site Classification * [A] [B] [C] [D], site Coefficient Fa =* [0.8] [0.9] [1.0], FV  = * [0.8] [1.0] [1.3] [1.4] [1.5], and spectral response accelerations of SS = * [10] [20] [30] [50] [60] [70] [80] [90] [100] [125] [150] [200] [256]%g, S1 = * [10] [20] [30] [50] [60] [70] [80] [90] [100] [124]%g.  The analysis shall be based upon a 5% damping factor, and a peak (SDS) of at least *[0.5] [1.0] [1.5] [2.0] [2.5]g’s (3 -12 Hz), applied at the base of the equipment in the horizontal direction. The forces in the vertical direction shall be at least 66% of those in the horizontal direction. The analysis shall cover a frequency range from 1 to 100Hz. Guidelines for the installation consistent with these requirements shall be provided by the equipment manufacture and based upon testing of representative equipment. Equipment certification acceptance criteria shall be based upon the ability for the equipment to be returned to service immediately after a seismic event within the above requirements without the need for repairs.

4.02
Voltage and Frequency Sensing

A. The voltage of each phase of the normal source shall be monitored, with dropout adjustable from 60% to 90% of nominal and pickup adjustable from (dropout setting + 2%) to 100% of nominal.

B. The voltage of each phase of the emergency source shall be monitored, with dropout adjustable from 60% to 90% of nominal and pickup adjustable from (dropout setting + 2%) to 100% of nominal.

C. The frequency of the emergency source shall be monitored, with dropout adjustable from 90% to 100% of nominal and pickup adjustable from (dropout setting + 1 Hz) to 110% of nominal.

D. Repetitive accuracy of all settings shall be within ( 2%.

E. Voltage settings shall be field adjustable in 1 V increments from the front of the CTTS without the use of dip switches, tools, meters or power supplies.  Actual settings shall be clearly defined in the operator’s manual.

F. Frequency settings shall be field adjustable in 1 Hz increments from the front of the CTTS without the use of dip switches, tools, meters or power supplies.  Actual settings shall be clearly defined in the operator’s manual.

4.03 
Time Delays

A. A time delay shall be provided to override momentary normal source outages and delay all transfer and engine start signals.  Adjustable from 0 to 120 seconds.

B. A time delay shall be provided on transfer from normal to emergency for controlled timing of transfer of loads to emergency.  Adjustable from 0 to 30 minutes.

C. A time delay shall be provided on retransfer from emergency to normal, adjustable from 0 to 30 minutes.  Time delay shall be automatically bypassed if emergency source fails and normal source is within user definable limits.

D. A time delay shall be provided on shutdown of engine generator for cooldown.  Adjustable from 0 to 30 minutes.

E. A time delay shall be provided to allow field decay during open transition delay in the neutral position. Adjustable from 0 to 20 seconds.

F. A time delay shall be provided to indicate a “Fail to Start” condition. Adjustable from 0 to 120 seconds.

All time delays shall be fully field adjustable in 1 second increments from the front of the CTTS without the use of dip switches, tools, meters or power supplies.

4.04
TESTS AND CERTIFICATION

A. The complete CTTS shall be factory tested to ensure proper operation of the individual components and correct overall sequence of operation and to ensure that the operating transfer time, voltage, frequency and time delay settings are in compliance with the specification requirements.  In addition, the manufacturer shall perform the following tests:

1. Insulation check to insure dielectric strength of the entire assembly.

2. Visual inspection to ensure that the switch matches the specifications and verify fit and finish meet established quality standards.

3. Mechanical and electrical tests to confirm that the switch is free of mechanical hindrances.  All CTTS’s shall be cycled through 50 simulated power failures to verify consistent and proper operation of the system.

A. The CTTS manufacturer shall be certified to ISO 9001 International Quality Standards for design and ISO 9002 International Quality Standards for manufacturing.  In addition, the manufacturer shall have third party certification verifying quality assurance in the design, development, production, installation, and servicing in accordance with ISO.

4.05
SERVICE REPRESENTATION

A. The CTTS manufacturer shall maintain a national service organization of company-employed personnel located throughout Canada.  The service center’s personnel must be factory trained and must be on call 24 hours a day, 365 days a year.

B. The manufacturer shall maintain records of each CTTS, by serial / shop order number, for a minimum of 20 years.

( Note to Spec. Writer – Insert data in blanks


( Note to Spec. Writer - Optional


( Note to Spec. Writer – Select one
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