Technology – Slip Detection
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1 Updated Timeline
RDS is in need for a technology for detecting slip in the gripping of different objects with different machinery and methods. The technology shall be implemented and used in one or more of the machineries RDS is developing and building as part of the Phase 3 project. The technology needs to be very ridged and stable for high performance and efficiency as well as being simple and elegant.  This document describes the performance and functional requirements. The timeline for the project is updated on 04/16/2013.
Deliverables:

· Technical requirements are listed in chapter 2
Milestones;

· 2012 Sept – Kick-off meeting @ Stanford University

· Requirement review

· Milestone review

· Cooperation agreement
· 2012 Oct/Nov – Field Study @ RDS facilities

· Study of existing gripper test setup.

· Execute some slippages and measure forces involved

· Discussion regarding challenges and expectations

· 2012 Nov – Follow-up meeting @ Stanford University

· Design review

· Present engineering status for the roughneck and the pipe gripper

· Sensor technology concepts presented. To be used to start implementing in actual machines (if possible)
· 2012 Jan/Feb – Experimental Setup

· Experimental setup designed and built at Stanford

· Sensor suite hardware/software integrated into system

· Preliminary data collection
· 2013 Mar – Follow-up Meeting @ Stanford University

· Design Review

· Logic technology selected. To be used to start implementing in actual machines

· Linear slip (between steel pipe and gripper) executed on Stanford setup and sensor (slip, normal, linear displacement) data recorded

· 2013 April – Experiments and Analysis
· Machined custom dies to accommodate sensor for normal force loads
· Pipe mate-up experiments performed to create rotational slip for lock in/break-up
· Perform linear slip experiment on plastic pipes/rubber hoses to gather slip data
· Slip detection algorithm in development

· 2013 May – Validation and Verification

· Perform slip interface experiments detailed in “Preliminary Slip Detection Test Specification 012113.docx”

· Validation and verification of slip detection algorithm in Stanford setup
· 2013 June – Deliverable Meeting @ Stanford University
· Validation and verification of slip detection algorithm in Stanford setup
· Demo of final technology(ies)
· Presentation of final documentation (3rd week of June?)
· 2013 July – Technology transition/Research overflow

· Work with RDS on technology transfer

· 2013 Aug/Sept – Testing of technology @ RDS facilities
· Commissioning and testing of technology on actual machine
1.1 Naming conventions, definitions and abbreviations 

The list below presents a clarification of the naming conventions and definitions used in this document
	Expression
	Explanation

	RDS
	Robotic Drilling Systems AS

	RD
	Robotic Drillfloor

	
	


1.2 Reference documents
The list below includes documents that are of importance for this product/system. These documents and the dedicated comments to them will be prioritized before any other requirements for the SBR.

	Document id
	Note

	
	

	
	

	
	


2 Performance and Verification Requirements (WHAT)

2.1 Performance & Functional requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	Note1
	For all descriptions a ´slip´ is defined as a slip that may cause a following problem due to the distance the slip has caused. 
	
	
	
	

	Note2
	Typically ´spin-in´ and ´spin-out´ speed is;
	100RPM @ 2-3000Nm
	
	
	

	Note3
	Clamp gripping forces; 
	600-800kN / 3 dices
	
	
	

	Note4
	Typically ´make-up´ and ´break-out´ torque; 
	20k – 60kNm 

Max: 120kNm
	
	
	

	1
	The technology shall be able to detect rotating slip as shown in Figure 1, 2 and 3
	
	By demonstration. RDS plans, performs and logs results.
	
	

	2
	Figure 1,2,3

The technology shall be able to detect a slippage between the rotating clamps and the drill string object.
	
	By demonstration. RDS plans, performs and logs results.
	
	

	3
	Figure 1,2,3

The technology shall be able to detect a slippage between the static clamps and the drill string object
	
	By demonstration. RDS plans, performs and logs results.
	
	

	4
	Figure 1,2,3

The technology shall be able to tell which of the rotating and/or static clamp that is slipping.
	
	By demonstration. RDS plans, performs and logs results.
	
	

	5
	The technology shall be able to detect linear slip as shown in Figure 4, 5 and 6
	
	By demonstration. RDS plans, performs and logs results.
	
	

	6
	Figure 4,5,6

The technology shall be able to detect a slippage between the clamps and the object if the object moves (relatively) in X direction
	
	By demonstration. RDS plans, performs and logs results.
	
	

	7
	Figure 4,5,6

The technology shall be able to detect a slippage between the clamps and the object if the object moves (relatively) in Z direction
	
	By demonstration. RDS plans, performs and logs results.
	
	

	8
	Figure 4,5,6

The technology shall be able to detect a slippage between the clamps and the object if the object moves (relatively) in a combination of X and Z direction 
	
	By demonstration. RDS plans, performs and logs results.
	
	

	9
	There will be a reference sensor for measure of the environmental vibrations. The technology shall use this reference signal for increased reliability of the the algorithms 
	
	By demonstrate the difference between including and not including this reference sensor.
	
	


2.2 Installation & Environmental requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	Then environmental requirements are; 
	- Storage temp:        -20°C

- Working temp:     -10/40°C

- Rel. humidity:       100%
- snow

- ice

- drilling MUD

- Oil
- cleaning liquid
	By Design Review and documentation.
	
	

	2
	The vibration requirements are (rig accelerations);

This vibration shall not affect the reliability of the technology
	- Max horiz accel; ax/ay=0,1g
- Max vert accel; az=0,2g
	By Design Review and documentation.
	
	

	3
	The technology shall be ATEX certified to be operating in hazardous area with the following specification

- Sensor components shall be located in hazardous area

- Logic components shall be located in safe area.
	- EX Zone 1

- Group IIB

- Max temp T4
	By Design Review and documentation.
	
	

	4
	Powersupply (to sensors through barrier):
	- 24VDC

- 200mA (max)
	By Design Review and documentation.
	
	


2.3 Speed, Acceleration & Retardation requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	The response time from slip engaged to technology detects and conducts appropriate action
	20ms
	By demonstration. RDS plans, performs and logs results.
	
	


2.4 Precision, Accuracy & Repeatability requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	A rotational slippage shall detect a motion of;
	2 mm on surface
	By demonstration. RDS plans, performs and logs results.
	
	

	2
	An linear slippage shall detect a motion of;
	2 mm on surface
	By demonstration. RDS plans, performs and logs results.
	
	

	
	An angle slippage shall detect a difference of;

in the case of only using one griper and lifting an object with a shifted CoG
	1 dgr
	By demonstration. RDS plans, performs and logs results.
	
	


2.5 Capacity & Working Area requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	The technology shall be able to detect slippage and conduct appropriate action with no delay from one slippage to the next. A successive slippage shall not be missed due to the processing of the previous
	
	By demonstration. RDS plans, performs and logs results.
	
	


2.6 System Interface requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	The technology shall interface with Siemens components
	
	By Design Review
	
	

	2
	The signals from the technology shall be of standard format. 

Format to be proposed during project
	
	By Design Review
	
	


2.7 Operator Interface requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	N.A
	
	
	
	


2.8 Service & Maintenance requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	The technology shall be maintenance free. 
	
	By Design Review and Documentation
	
	

	2
	If calibration is necessary, the technology shall be self calibrating
	
	By demonstration. RDS plans, performs and logs results.
	
	


2.9 Standard, Regulation and Certificate requirements
	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	1
	Sensor components ATEX certificate
	EEXib IIB T4
	By Design Review and Documentation
	
	


2.10 Documentation release

	Id
	Requirement
	Verification
	Status

	
	Description
	Data
	Identification
	Sign
	

	Info
	The documentation shall contain the following;
	
	
	
	

	1
	Recommended technology for rotational slip detection
	
	By approved documentation
	
	

	2
	Recommended technology for linear slip detection
	
	By approved documentation
	
	

	3
	How to utilize/implement in machinery. Important if critical issues
	
	By approved documentation
	
	

	4
	Expected functionality (if used correctly)
	
	By approved documentation
	
	

	5
	Timing diagrams 
	
	By approved documentation
	
	

	6
	Algorithms for analysis of signals

· Filtering

· Calibration 
	
	By approved documentation
	
	

	7
	Signal diagrams
	
	By approved documentation
	
	

	8
	Test reports
	
	By approved documentation
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