


Chapter Thirteen - Discussion 
 

The main aim for this thesis is to improve the operational situation for the ROV by presenting 

a new docking solution. The new docking solution should be more solid, ridged and fixed 

than the present grabber manipulator, while at the same time maintaining the flexibility. RITS 

will be able to provide such a system, however the quality of the parking stand is essential to 

make RITS effective. An unstable parking stand will cause difficulties for the operators since 

the fixed position will be lost. All the other features RITS will provide are depending on a 

solid connection that creates a fixed position towards the ROV panel. For example will a few 

cm offset be crucial for the pre-programmed manipulator's movements. 

The idea of RITS is based on a design with an API 17D interface, which resulted in no 

evaluation of other interface units. As the system is fully depending on a solid interface 

connection, it could be a good idea to search for other options in addition to API 17D. 

However, there are no indications of the API 17D interface being too weak, since the present 

solution with a more instable grabber manipulator, are able to perform subsea operations. The 

grabber manipulator is furthermore not capable of providing a fixed stand for robotics, and it 

cannot provide any space for a HPU system or a torque tool.   

The ROVs that are used today require two manipulators, and the ROV industry will still 

develop ROVs with two manipulators independent of RITS. Since the ROV will have two 

extra manipulators available it should be possible to make the position solid by use the 

grabber manipulator on the ROV and an API 17D interface. It will require cooperation 

between the supplier of the subsea equipment and the ROV operator; however the result of a 

rigid and fixed position will open for new possibilities in subsea operation.  

RITS is equipped with its own Titan 4 manipulator, and one may ask why the manipulator of 

the ROV is not used. It is possible, but every ROV has its own geometry, which will interfere 

with the fixed position and standard VC programming are therefore lost. If the owner of RITS 

shall pre-program the system it is an advantage that the Titan 4 installed on RITS are used. 

The new docking method opens for a market of new technical solutions. The robotics 

illustrated in this thesis will be one of the many new features provided by RITS. Videos from 

subsea operations reveal that it is challenging to operate subsea units because of poor (2D) 
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visibility and movement in the sea. These troubling working conditions cause longer 

operations, which results in higher costs. Since the ROV is the only component that can 

operate on 2000 meters depth, it leads to a stressful situation for the ROV operators. 

It would be an advantage that the operation could be performed in a non-stressful situation. 

RITS will be able to provide a solution that makes this possible. Visual Components 

illustrates how easy it is to pre-program the manipulator. By using the simulation mode 

integrated in the HMI a safe and controlled operation can be tested before the ROV is subsea. 

To be certain that the system operates as intended it is possible to make a preview-test on a 

test stand onshore.  

Compared with the present subsea operation RITS will require more planning. The industry is 

used to dealing with problems as they appear, whereas RITS needs to identify the problems 

before the ROV goes subsea. The process of implementing this in an already established (and 

conservative) industry may be difficult; however, the benefits of planned work would gain 

profit for the suppliers since the operation will be more efficient. If something unexpected 

should happen, RITS will be able to control the manipulator manually. It will function as a 

contingency solution if anything should happen, in addition to involving the supplier of 

subsea equipment to a greater extent. It benefits the subsea industry with improved 

cooperation between the ROV providers and the equipment suppliers. The suppliers will be 

able to design a more ROV-friendly unit, which will result in a safer and more efficient 

subsea operation.  

To be able to design improved systems there should not be an obstacle that the special tools 

are hard to provide. The hydraulic/control system inside RITS will be able to handle several 

different kinds of special tools by using conventional technology, which makes it possible to 

create standard size tool cassettes. 

The use of the tool cassettes requires strict working procedures by the ROV operator. It is a 

more complicated operation than to just pick up the tool and put it into the interface, however, 

the present solution does not either provide easy access of tools. Normally it requires a longer 

travel to the surface or to a tool basket on the seabed to pick up the right tools. The improved 

access to the tools provided in RITS would make those trips unnecessary. In order to maintain 

the flexibility, RITS is designed in a way that it also allows handling of tools in the "normal" 

way handling of "lose" tools.  
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At this point RITS seems like a unit without disadvantages; however there is one issue that is 

not in favor of RITS. All the features in RITS require space, and thereby increase the weight 

of the ROV when a RITS is carried. The heaviest cassette is the torque cassette with a weight 

of 63 kg. It is on the breaking point of what is manageable on deck, even by use of lifts. 

The total weight of 600 kg should not be a problem since the lifts handling the ROV during 

the launching process are strong. RITS will not increase the weight of the complete unit more 

than approximately 10-20 %. It means that the handling and launching of the ROV will not be 

changed significantly, whether RITS is carried or not. It is the behavior in water that is the 

uncertain part of this design. The whole system weighs less than 50kg in water, and RITS is 

designed to allow the ROV thrusters to operate freely. The ROV with RITS attached should 

behave well; still the behavior of RITS will need testing. The testing of RITS' behavior in 

water may be conducted simultaneously as the testing of the docking solution. The theory 

indicates that the system, as it is designed, should work as intended.  

As many of the challenges regarding RITS are solved, there have never been set any cost 

limitations in this project. The advantage of systems built without cost limitations is that they 

usually will work, but they will also be expensive. It all comes down to evaluating the price 

up against the cost savings RITS will provide by making the subsea work more efficient. 

There is no doubt that the capabilities of RITS are useful, easy access of tools and supplier 

handled manipulator. The cost of the tools is on the other hand quite high, especially the 

manipulator. A pilot version of RITS will reveal if the advantage of a rigid position subsea 

will regain the cost of the tools. 
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Chapter Fourteen - Conclusion 
The focus area of this thesis was the design of a ROV tool that could improve the working 

situation subsea.  

The technological challenges have all been solved, and there have not been found any reason 

to believe that the unit should not work as intended.  

There are however, found two elements that determine the plans of further development: 

• The high RITS costs must provide high return on the investment by more efficient 
subsea operations  

• Testing of the docking solution must prove a ridged, solid and fixed stand, making it 
possible to use robotics in an efficient way.  

 

The conclusion is simply: there is no theoretical reason that RITS will fail, but it requires 

extensive testing and a thorough evaluation of the cost aspect concerning the design. 
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Appendices 
Appendix A - Hot Stab 

A hot stab is a hydraulic interface tool with many ports. Each port has its own piping and 

control solenoid valve, which is connected the hydraulic supply/drain hoses.  

Many components, like e.g valve actuators on a XT, use a hot stab to operate. A female shape 

connector will fit the hot stab and provide a hydraulic connection to the valve actuator. There 

are o-rings separating each port to ensure that the fluid will be added the correct line. 

The fluid supply are controlled by a valve pack, as in RITS.  The stab is open to the return 

tank line when the solenoid valve is in neutral position.  The check valves (50 psi) will 

prevent the water from entering into the tool. The system is compensated which means that 

the pressure will be the same in the water and inside RITS. The check valves will on the other 

hand allow the 207 bar pressure through, when the valve is switched to active mode. It is an 

advantage that the check valves are installed as close to the hot stab as possible to avoid too 

much water in the lines 
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 Check Valves 

A check valve is a spring loaded ball that will be 

installed in the piping. As long as the force of the 

flow is weaker than the spring no fluid will pass; 

however when the pressure increases the flow 

will go true. 

This technique is used in the hot stab system, but 

also in other parts of RITS as well. It is 

frequently used to control the direction of the 

flow. 

 

 

 

 

 

Safety Relief Valve  

Normally there is a safety relief valve connected to the supply line. As the HPU will be 

activated as long as RITS is active it is required flow on the clean side. A pump will apply 

more and more pressure until something breaks - to avoid that the pressure gets to high there 

is a by-pass solution that opens when RITS operate without using the HPU. 

The relief valve will open at 228 Bar, and the system is protected. 
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Sensors 

There are sensors installed to be able to monitor the system. It is required to know that the 

signals that are sent from the HMI makes an action down inside RITS, which is important for 

the hot stabs since it applies pressurized fluids into a system. 

The sensors are installed on the piping and are sending electric signals with different voltage. 

The each specific voltage represents one bar.  

Traditional sensors are normally sending a voltage between 4 and 16 mA. A voltage of 4 mA 

means 0 Bar, while 16 mA means the highest value the sensor can measure (e.g. 690 Bar). 

The measurements in between is presented by a linear equation between these two values 
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Appendix B - Hot Spots 

ANSYS is analysis software which calculates the actual forces on the structure. To be able to 

put the forces on the correct position there is added small areas to the model. These small 

areas make ANSYS "over analyze". It results in greater forces than what actually appears.  

The figure below illustrates the problem. Red areas are the max forces. The calculation 

calculate a pressure of 242.81 MPa; yet the stress areas are connected the point where the 

forces are put.    

 

To be sure that the calculation is correct the results was controlled by manual calculations. It 

is a static calculation, and is  

𝜏 =  𝑃𝑊  W = 7600 mm3 (Johannesen, 2002)) 
  L = the length from the elements fastening to where the force are applied. 
 

 
 

P may typical be:𝑃 =  𝑃 𝐿
8

, but it will vary from 

case to case due to the actual situation. 

 

The manual calculations revealed that the high values appeared on the units created to fasten 

the force. The tags added the hot spot is the actual max force - controlled manually and 

combined with the analysis in ANSYS. 
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Appendix C - Visual Components Programming (Python-script) 
 
from vcPythonKinematics import * 
import vcMatrix 
import vcVector 
from math import * 
 
import numpy as np 
 
# Define the amount of joints and their names 
JOINT_COUNT = 6    
JOINT_NAMES = ['J1', 'J2', 'J3', 'J4', 'J5', 'J6'] 
 
qh = np.array([[0],[0],[0],[0],[0],[0]]) 
#print qh 
 
global FirstCall, DH_PARAMS 
global LO1X, L01Z, L12X, L23X, L34X, L45X, L56X 
 
FirstCall = True 
 
# Init kinematic object information 
def OnInitKinObject( kinobj ): 
  pass 
 
# Returns the amount of joints this kinematics handles 
def OnGetJointCount(): 
  return JOINT_COUNT   
 
# Returns the indexed joint names 
def OnGetJointName(index): 
  return JOINT_NAMES[index] 
 
# Constraints kinematic solutions to show only valid choices 
def OnConstrainParams(kinobj): 
  return True 
 
# Relaxes kinematics solutions to show all choices 
def OnRelaxParams(kinobj): 
  return True 
 
# Returns Kinematic chain target (matrix) value based on joint values 
def OnForward(kinobj): 
  #print 'OnForward' 
  global DH_PARAMS 
   
  if FirstCall: 
    OnFinalize() 
     
  qmag = np.array(kinobj.JointValues).reshape(6,1) 
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  q = qmag+(np.array([[0],[0],[0],[0],[0],[0]])) 
  print q 
   
  (J, T) = ForwardKin(DH_PARAMS, q) 
  print T 
   
  m = Numpy2vcMatrix(T) 
   
  kinobj.Target = m 
 
  return True 
   
def Numpy2vcMatrix(mat): 
  T = np.ravel(mat) 
   
  #T[0,0] 
   
  m = vcMatrix.new() 
  N = m.N 
  N.X = T[0] 
  N.Y = T[4] 
  N.Z = T[8] 
  m.N = N 
   
  O = m.O 
  O.X = T[1] 
  O.Y = T[5] 
  O.Z = T[9] 
  m.O = O 
    
  A = m.A 
  A.X = T[2] 
  A.Y = T[6] 
  A.Z = T[10] 
  m.A = A 
   
  P = m.P 
  P.X = T[3] 
  P.Y = T[7] 
  P.Z = T[11] 
  m.P = P 
   
  return m 
   
def vcMatrix2Numpy(mat): 
   
  np_mat = np.eye(4) 
   
  N = mat.N 
  O = mat.O 
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  A = mat.A 
  P = mat.P 
   
  np_mat[0,0] = N.X 
  np_mat[0,1] = O.X 
  np_mat[0,2] = A.X 
  np_mat[0,3] = P.X 
  np_mat[1,0] = N.Y 
  np_mat[1,1] = O.Y 
  np_mat[1,2] = A.Y 
  np_mat[1,3] = P.Y   
  np_mat[2,0] = N.Z 
  np_mat[2,1] = O.Z 
  np_mat[2,2] = A.Z 
  np_mat[2,3] = P.Z 
     
  return np.matrix(np_mat) 
   
# Returns Kinematic chain joint values based on the target (matrix) 
def OnInverse(kinobj): 
  global qh 
  if FirstCall: 
    OnFinalize() 
   
  #print 'OnInverse' 
  target = kinobj.Target 
   
  #printMatrix(target) 
   
  ## Convert to numpy  
  Tf = vcMatrix2Numpy(target) 
  #print Tf 
   
  q0 = kinobj.JointValues 
  ## Create numpy array from  
  q0 = np.array(q0).reshape(6,1) 
   
 
  qf = InverseKin(DH_PARAMS, Tf, qh)   
   
  kinobj.JointValues = qf 
  return True 
   
def OnRebuild(): 
  OnFinalize() 
   
def OnFinalize(): 
  print 'OnFinalize' 
  global FirstCall 
  global DH_PARAMS 
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  global L01X, L01Z, L12X, L23X, L34X, L45X, L56X 
   
  FirstCall = False 
  comp = getComponent() 
   
  L01X = comp.L01X 
  L01Z = comp.L01Z 
  L12X = comp.L12X 
  L23X = comp.L23X 
  L34X = comp.L34X 
  L45X = comp.L45X 
  L56X = comp.L56X 
   
   
  DH_PARAMS, _ = SetDHParams() 
  #print DH_PARAMS 
 
def printMatrix(mat): 
  """Usefull utility function for printing matrix value""" 
  for Vec in [mat.N,mat.O,mat.A,mat.P]: 
    print ("%3.3g\t%3.3g\t%3.3g\t%3.3g\n"%(Vec.X,Vec.Y,Vec.Z,Vec.W)) 
 
 
def SetDHParams(): 
  global qh 
  global LO1X, L01Z, L12X, L23X, L34X, L45X, L56X 
   
  ## Might be errors here!! 
    
  # Initialize DH parameters dh and the zero position qh of the UR5 robot 
  dh = np.matrix([[ L01X,        np.pi/2,   L01Z,   0], 
                   [L12X,           0,         0,   0], 
                   [L23X,           0,         0,   0], 
                   [L34X,          -np.pi/2,   0,   0], 
                   [ 0,            -np.pi/2,   0 ,   0-(np.pi/2)], 
                   [ 0,          0,         L45X+L56X,   0]]) 
  return (dh, qh) 
 
def LinkDH2T(dh,i): 
  # The homogeneous transformation matrix T of link i with DH parameters dh 
  # from the DH parameters dh = [a_i alpha_i d_i theta_i 
  xv = np.array([[1],[0],[0]]) 
  zv = np.array([[0],[0],[1]]) 
  T =  AngleAxis2T(zv,dh.item(i,3)) * Trans2T(dh.item(i,2)*zv) * 
AngleAxis2T(xv,dh.item(i,1)) * Trans2T(dh.item(i,0)*xv) 
  return T 
   
      
def AngleAxis2T(r, theta): 
  # The homogeneous trasformation matrix T of a rotation theta about r 
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  S = Skew(r) 
  R = np.cos(theta) * np.matrix(np.eye(3)) \ 
  + np.sin(theta) * S + (1-np.cos(theta))*r*r.T 
  T = np.matrix(np.eye(4)) 
  T[0:3,0:3] = R.copy() 
  return T 
 
def Trans2T(p): 
  # The homogeneous transformation matrix T of a displacement p 
  T = np.matrix(np.eye(4)) 
  T[0:3,3] = p.copy() 
  return T 
   
def Skew(r): 
  # The skew symmetric for of a vector 
  S = np.matrix([[ 0, -r[2],  r[1]],  
                 [r[2],  0,  -r[0]],  
                 [-r[1], r[0],  0   ]]) 
  return S 
 
def ForwardKin(dh,q): 
  # Forward kinematics for revolute joint manipulator  
  # Inputs:  
  # dh - Matrix of DH parameters 
  # q - Vector of joint variables q 
  # Outputs:  
  # J - Geometric Jacobian 
  # Te - Homogeneous transformation matrix of manipulator 
   
  dhf = dh.copy()  # Note: Must use .copy(), dhf = dh makes dhf and dh the same variable 
  #Insert joint variable in DH vectors 
  dhf[0:,3] = dhf[0:,3] + q 
  #print dhf[0:,3] 
 
  # Homogeneous transformation matrices for each link 
  T01 = LinkDH2T(dhf,0) 
  T12 = LinkDH2T(dhf,1) 
  T23 = LinkDH2T(dhf,2) 
  T34 = LinkDH2T(dhf,3) 
  T45 = LinkDH2T(dhf,4) 
  T56 = LinkDH2T(dhf,5) 
  # Homogeneous matrices from frame0 to each link frame 
  T02 = T01 * T12 
  T03 = T02 * T23 
  T04 = T03 * T34 
  T05 = T04 * T45 
  # Homogeneous transformation matrix for manipulator 
  Te = T05 * T56 
  # Rotation axes 
  z0 = np.array([[0], [0], [1]]) 
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  z1 = T01[0:3,2] 
  z2 = T02[0:3,2] 
  z3 = T03[0:3,2] 
  z4 = T04[0:3,2] 
  z5 = T05[0:3,2] 
  # Position vectors 
  p0 = np.array([[0], [0], [0]]) 
  p1 = T01[0:3,3] 
  p2 = T02[0:3,3] 
  p3 = T03[0:3,3] 
  p4 = T04[0:3,3] 
  p5 = T05[0:3,3] 
  # Position vector of manipulator 
  pe = Te[0:3,3] 
   
  # Blocks of position part of geometric Jacobian  
  J00 = Skew(z0)*(pe-p0) 
  J01 = Skew(z1)*(pe-p1) 
  J02 = Skew(z2)*(pe-p2) 
  J03 = Skew(z3)*(pe-p3) 
  J04 = Skew(z4)*(pe-p4) 
  J05 = Skew(z5)*(pe-p5) 
  # Geometric Jacobian 
  J = np.bmat('J00 J01 J02 J03 J04 J05; z0 z1 z2 z3 z4 z5') 
  return (J, Te) 
   
   
def InverseKin(dh, Td, q0): 
  # Inverse kinematics using inverse geometric Jacobian 
  # Inputs: 
  # dh - DH parameter matrix 
  # Td - Commanded homogeneous transformation matrix 
  # q0 - Initial value for q 
  # Outputs:  
  # Solution q 
   
  Rd = Td[0:3,0:3] 
  qk = q0.copy() 
  for count in range(1,5): 
    (Jk, Tk) = ForwardKin(dh,qk) 
    #print(Jk) 
    Rk = Tk[0:3,0:3] 
    Re = Rd * Rk.T 
    ep = Td[0:3,3] - Tk[0:3,3] 
    # Rotation error is the r sin(theta) vector 
    eo = (1./2.)*np.array([[Re[2,1]-Re[1,2]], [Re[0,2]-Re[2,0]], [Re[1,0]-Re[0,1]]]) 
    e = np.bmat('ep ; eo ') 
    K = 1 
    dq = K * np.matrix(np.linalg.inv(Jk)) * e 
    qk = qk + dq 
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    return qk   
 
# Main program 
# Initialize UR5 robot parameters 
#(dh, qh) = SetDH_UR5() 
 
#(Ji, Ti) = ForwardKin(dh, qh) 
 
# Increment from Ti to Tf to Tf 
#dp = np.array([[-0.2],[0.2],[-0.2]]) 
#ry = np.array([ [0],[1],[0] ]) 
#rz = np.array([ [0],[0],[1] ]) 
#Tf = Ti * Trans2T(dp) * AngleAxis2T(ry,-np.pi/6) * AngleAxis2T(rz, np.pi/6); 
 
#q0 = qh.copy() 
#qf = InverseKin(dh, Tf, q0) 
 
#print(qf) 
 
#qf = [0.5591   -1.1805   -1.4447   -1.7900    2.0085    1.1492]' 
 
#print "-" 
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1 INTRODUCTION 

1.1 PURPOSE 
The purpose of this document is to form the basis for detail design, fabrication and testing of 
the ROV Intervention Tool Skid (RITS). 
 
The purpose of the RITS is to improve ROV intervention assignments. Installation, testing 
and retrieval of subsea equipment depending of intervention tools are the main aim for RITS. 
  
RITS is intended to reduce the ROV operational time consumption by improving the working 
condition without reducing the present flexibility. 
This specification will provide the information and requirements necessary for the detailed 
design and manufacture of the system.  The vendor is encouraged to propose alternative 
solutions to those specified in this document if these can be justified on the basis of improved 
functionality or can be shown to contribute to a more cost-effective solution.  It is expected 
that any changes proposed be fully justified and must satisfy the functional requirements 
established in this specification. 
 
 

1.2 SCOPE 
This document provides the requirements and design data for the RITS. 
 
The scope of this document is to define the following: 
 

• System Requirements 

• Functional Requirements 

• Interface Requirements 

• Material Selection and Corrosion Protection 

• Documentation 

• Outline Operational Procedures 
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1.3 ABBREVIATIONS 
The following abbreviations are used in this document. 
 

DC Direct Current 
FKS FMC Kongsberg Subsea AS 
GUI 
HMI 

Graphical User Interface 
Human Machine Interface 

HPU Hydraulic Power Unit 
ICS Intervention Control System 
LPM Litre/minute 
MQC Multi Quick Connect (Plate) 
N/A Not Applicable 
OBSROV Observation Class Remotely Operated Vehicle 
RITS ROV Intervention Tool Skid 
ROT Remotely Operated Tools 
ROV Remotely Operated Vehicle 
SCU Surface Control Unit 
SPC Design Specification (FKS Document) 
WROV Work Class Remotely Operated Vehicle 
  
  
 
 

 

1.4 REFERENCES 
 
Industry Standards and Codes  
 

Ref. Document No. Title 

R1 NORSOK U-CR-008 Subsea Colour and Marking 

R2 DnV 2.7.3 Portable Offshore Units 

R3 AS 4059 Cleanliness Requirements of parts used in Hydraulic 
Systems, Maximum Contamination Limits 

R4 NS 3471 Projecting of Aluminium Constructions, Calculation 
and Dimensions 

 ISO 13628: 2000 Petroleum and Natural Gas Industries Design and 
Operation of Subsea Production Systems 

R5  Part 8 Remotely Operated Vehicle (ROV) Interfaces 
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Figure 3 ROV Intervention Tool Skid (RITS) Control System Overview 
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2 SYSTEM REQUIREMENTS 

2.1 SYSTEM COMPONENTS 
The RITS System shall as a minimum consist of the following equipment: 
 

• 1 off:   ROV Torque Tool API 17D size 1-4. 

• 1 off:   ROV Hydraulic Power Unit (HPU). 

• 3 off:   Different Cassettes (5 options) 

• 0-3 off:   Stab, 6 Line, 345 Bar with hoses 

• 3 off:  Kystdesign 6L Compensators 

• 1 off:  Parker F11-10 pump 

• 1 off:  Parker F11-10 motor 

• 1 off:   Surface Control Unit (SCU). 

• 1 off:   Manipulator Titan 4. 

• 1 off:   Pall filter, 9050. 

• 0-1 off:   RCU remote control unit, Oceaneering 

• At least 1 off:  Topside monitor(s) 
 
 
 

2.2 SYSTEM CONFIGURATION 
The RITS shall be flexible with regard to the configuration required for the various 
Intervention Tools when used for different applications.  
 

• Dock up to fixed API 17D interface instead of using grabber manipulator. 
•  Require a adjusted API 17D interface bucket on the subsea unit. 
• Operate ROV-panels with the FMC operated manipulator 
• Provide an option for a pre-programmed manipulator. 
• Easier access of special tools (can bring three tools at the time). 

 Hydraulic systems by use of a hot stab. 
 Mechanical systems by use of torque tools or other tools from the tray. 
 Bring other tools e.g. LAOT - Linear Actuator Override Tool 

(100040011 or 100049598) 
 
The RITS system is divided into two main parts - one system operating the hot stabs and the 
other system handles everything else. It results in control systems and two hydraulic systems; 
however both systems are operated from the same HMI. 
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2.3 SPECIFIC REQUIREMENTS 

2.3.1 Subsea System Requirements 
The requirements of the subsea components of RITS are as follows: 
 

1) RITS shall be launched and deployed by Work Class ROV (WROV). The skid 
shall be made neutrally buoyant in seawater by means of removable buoyancy 
elements. And with a weight in water less than 50 kg. 

2) RITS shall be transportable in the water, at the maximum operating depth, on 
3000 meters. 

3) RITS shall be powered from the ROV with control signals routed from the surface 
via the ROV control system. The electrical and hydraulic interfaces shall be 
industry standard and compatible with a WROV. 

4) The RITS structure shall provide the mechanical interface for mounting the RITS 
beneath the WROV. The structure shall be compatible with the common WROV 
systems in current use. The mounting system shall have a flex system to decrease 
the impact load. 

5) The interfaces shall be industry standard (API 17 D size 1-4). Special intervention 
tools shall fit inside the API 17D size 1-4 interface (includes hot stab 6l and 
Torque Tool – tool tray will have a separate system) 

6) The Intervention Tool inside shall be powered from the ROV’s auxiliary valve 
pack. The hydraulic interfaces shall be compatible with the existing interfaces on 
the subsea equipment with no modifications. In situations where the interface does 
not fit the necessary task will be operated by the manipulator mounted on the 
RITS. 

7) In the event of equipment failure, the RITS shall be designed with a fail-safe-open 
mechanism on the locking dogs on the API connectors, and can be retrieved by 
means of a suitable backup system (i.e. pulled in by the umbilical). 

8) The RITS shall not be installed with cameras and lights. Light and visual will be 
supplied by the ROV system. 

9) Facilities shall be provided for emergency lifting of the RITS for recovery to the 
surface in the event of equipment failure. 

10) The system shall enable the retrieval/installation procedure to be aborted at any 
stage of the operation in the event of equipment failure. 

11) Design of the system shall be such that operation with only one WROV. 
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2.3.2 Topside System Requirements 
The requirements of the topside components of the RITS are as follows: 

 

12) The Surface Control Unit (SCU) shall provide the operator interface for control 
and monitoring of RITS during operation. Control and feedback signals shall be 
routed via the ROV control system and RITS.  

13) The SCU shall have a graphical user interface (GUI) with separate graphics. The 
graphic shall depict the tool layout with the hydraulic line numbers and be simple 
to use and understand.  

14) The cassette configuration on the HMI will be set according to the cassettes 
configuration in RITS. The system will be tested on a test stand before the 
launching process.  
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3 FUNCTIONAL REQUIREMENTS 
The functional requirements of the RITS are as follows: 
 

3.1 GENERAL DATA 
 

Description Data 

Design life of equipment 20 years 

Design water depth 2000 meter 

Buoyancy water depth rating Neutral 

Maximum landing speed 0.5 m/s 

Maximum landing force 20000 N (20kN) 
 
 

3.2 TARGET MECHANICAL DATA 
 
 

Description Data (to be verified by supplier) 

ROV Skid dimensions  

 Length 2700mm 

 Width 1550mm 

 Height 350mm 

ROV Skid weight  

 In air 517.5-581.5 kg, depending of cassette configuration 

 In water with buoyancy neutral 

Cassettes  

 Length  600mm (800mm incl. API interface) 

 Width  360mm 

 Height  250 mm   

Cassettes Weight, in Water all the same Approx. 3.8 kg 

 Tool Cassette, in air 11.2 kg 

     Holder Cassette, in air 17.8 kg 

     Torque Cassette, in air 63 kg 

     Cylinder Stab Cassette, in air 32 kg 

     Free Stab Cassette, in air 14 kg 
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3.2.1 RITS 
The functional requirements of the RITS are as follows: 
 
The hydraulic power supply in the RITS shall be suitable for operation using mineral oil 
(Shell Tellus 22 or equivalent) supplied from the ROV. All components are powered by this 
system except from the Hot Stab that is powered by the motor-pump (HPU system).  
 
The hydraulic power unit (HPU) shall be supplied with water-based fluid (Marston Bentley 
HW443 or equivalent), filled topside. 
 
Each line to the Hot Stab, 6 Line, 345 Bar shall be fitted with a 50 psi check valve to prevent 
the loss of hydraulic fluid from the system when disconnected. 
 
The pressure compensators shall have a low level indicator and alarm to the control of the 
HPU system and the ROV system. In addition there is a speed senor on the shaft between the 
motor and the pump. 
There is installed three pressure sensors in the system (on the motor supply line, on the pump 
supply line and the pump return line) 
 
 

 
Figure 4 model of RITS 
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3.3 HYDRAULIC SYSTEM 
The hydraulic system design shall include all the components necessary to operate the various 
subsystems. The hydraulic system will incorporate the following design requirements: 
 
Hydraulic supply to RITS 

Design pressures (above ambient) for hydraulic system: 

Supply pressure: 207 bar (3,000 psi) 

Maximum working pressure (WP): 207 bar (3,000 psi) 

Test pressure (1.5 × WP): 310 bar (4,500 psi) 

Maximum flow at working pressure: 20 LPM (5.3 USGM) 

Fluid: ROV (Tellus VG22, or equal). 

 

 
Hydraulic Power Unit 
(Powered by the Parker F11-10 motor-pump unit - separate fluid from RITS). 

Hydraulic fluid: Mineral Oil (Transeoacic or equal) 

Cleanliness requirement: NAS 1638, Class - (depending off 
 operated system) 

Supply pressure 207 bar 

Maximum flow at working pressure 18.6 bar 

Hydraulic interface: 6L Hot Stab 

Number of hot stabs possible:  3 at the time, normally less  
 

 

Figure 3 Hydraulic Schematics 
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3.4 ELECTRICAL SYSTEM 
The electrical system will be guided true an electric transformer can.  
 
Mode of operation: 

Electrical power supplied from the WROV via an electric Can or direct to the RCU 
(only for if the Torque Cassette is mounted). 

 
Electrical supply to RITS 
 

Power supply:  

The electrical system on the WROV shall have sufficient power to run the RCU and the two 
valve packs inside RITS.  
 

 
 
 
 

 
Figure 4 Control system 
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3.5 CONTROL SYSTEM 

3.5.1 Control System General Requirements 
 

3.5.2 Subsea Hydraulic Control Unit 
The compensated valve pack shall include the following items: 
 

• Compensated enclosure. 

• Hydraulic valves and components. 

• Imbedded Controller and driver electronics. 

• Pressure transducers. 

• Connectors and penetrations. 

• Compensation unit(s). 
 
 
Valve Pack on ROV side of hydraulic system 
4 off 4/3 way, Type NG3 solenoid valve with open centre, 20 LPM (5 USGM) @ 200 bar. 
1 off 4/2 way, Type NG3 solenoid valve with open centre, 20 LPM (5 USGM) @ 200 bar 

•  

Valve Pack on ROV side of hydraulic system 
9 off 4/3 way, Type NG3 solenoid valve with open center, 20 LPM (5 USGM) @ 200 bar. 
 
The valve pack shall satisfy the following requirements: 
 
Material selection and protective coating shall be suitable for long-term immersion in 
seawater to a depth of 2,000 metres.   
 
 

1) A prime consideration in the choice of materials and design shall be to minimise 
weight and size consistent with fulfilling the functional requirements. 

2) All ports and internal passages in the valve block shall be designed to 
accommodate the maximum flow for each circuit with minimum pressure drop. 

3) External hydraulic connections shall be designed to suit BSP hydraulic fittings. 

4) A pressure relief valve shall be installed as an over pressure safety valve for the 
main HPU system.  The valve shall be manually adjustable and at least allow 
adjustment within the range 160 bar to 400 bar. 

5) A pressure transducer shall be installed in the valve pack to monitor the inlet 
hydraulic supply pressure.  

6) A temperature transducer shall be installed as a safety mechanism for the HPU 
motor. 
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7) Drain and bleed ports shall be installed in positions that allow air to be vented 
from the enclosure and fluid drained from the enclosure when installed either with 
the valve block oriented vertically or horizontally. 

8) The compensation system shall ensure that at least 0.5 bar over pressure is 
maintained in the compensated enclosure at an external ambient pressure of 300 
bar.  An external pressure gauge shall be supplied to monitor the compensation 
pressure. 

 
The hydraulic valves and components selected for the valve pack shall be standard off-the-
shelf catalogue items from a generally recognised manufacturer and available on a world-
wide basis. The preferred vendor is Wandfluh but functionally equivalent components from 
other vendors are acceptable. 
 
An embedded controller shall control the various hydraulic valves and collect data from 
sensors installed in the valve pack and sensors located external to the valve pack. 
 

I/O Type Quantity Application 

Digital/PWM Out 28 Hydraulic valve solenoid or proportional valve 
control 

Digital In 1 Electric Can, connected a Communication 
Distribution Board) 

Water Alarm 2 Water Ingress Detection (installed in valve pack). 

Pressure sensor 
analogue input 

3 Analogue Input, 4-16 mA (supply pressure, HPU 
supply pressure and HPU return pressure) 

Speed Sensor 1 In motor-pump-shaft (4-16mA) 

Level Sensor 3 In compensators (4-16 mA) 
 

Interface circuitry shall be included to provide current drive for the hydraulic 
valve solenoids and the proportional valve solenoids. The electrical power 
available for the controller and drive electronics is 24 VDC at 15 Amps. 

 
9) The drive circuitry shall be capable of simultaneously driving 10 solenoid coils 

without overload. 

10) Interface circuitry shall be included to provide power to the pressure transducers 
and a stable reference voltage for potentiometer type sensors. 

11) The embedded controller and supporting electronic components shall be qualified 
for operation at an external pressure of 300 bar.  The qualification shall be 
accomplished by documenting correct operation of the electronics while cycling 
the external pressure from 0 bar to 300 bar.  A minimum of 10 cycles is 
considered necessary to adequately demonstrate long-term tolerance to the 
specified external pressure. 
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3.5.3 Camera and Light Control System 
Camera and light is operated from the ROV. All operation will happen in front of the ROV. 
 
 
 

3.5.4 Surface Control Unit 
 
The Surface Control Unit shall provide the control signals to control the hydraulic functions 
and display the monitored values, in metric units, from various sensors installed on RITS.  It 
shall be based on a laptop PC with a GUI software providing input to all tool functions and 
display of all monitored values and status/diagnostics information. 
The RCU and the Titan 4 will use suppliers' software - linked true RITS normal GUI when 
they shall operate. 
 
The Surface Control Unit shall be able to operate in the following modes 
 

• Software master mode 

• In this mode the GUI software is the control system master and all control system 
functions are controlled and monitored from the software. 

• Simulator mode 

• This mode mimics the behaviour of the subsea hydraulic controller. When 
connected to the communication link, the topside controller will believe that it is 
talking to the subsea hydraulic controller. The user can set the value of simulated 
limit switches and analogue sensors. Commands sent from topside will be 
visualised in the simulator GUI page. 

• Configuration mode 

• Setting of all the user-configurable options (I/O mapping, interlocks, scaling, etc.). 
Settings are downloaded to the surface controller’s permanent flash memory.  

• Diagnostic mode. Display of all raw and scaled values in the system. Display of 
communication error and timeout counters. 
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4 INTERFACE REQUIREMENTS 
The interface towards subsea equipment is an API 17D interface. 

4.1.1 Mechanical Interface 
The ROV Interface Frame provides the mechanical interface between the WROV and RITS. 
The Interface Frame(s) shall be designed for the Work ROV Systems in common use. 
 
The Work ROV Systems considered to be suitable for deployment of RITS are listed below.  
 
WROV   
HD-ROV Schilling 
UDH-ROV Schilling 

Centurion QX,200 Subsea 7 

Centurion QX, 300 Subsea 7 

ACV Subsea 7 

Hercules Subsea 7 

Quantum Subsea 7 

Diablo Subsea 7 
Demon Subsea 7 

Magnum Plus Oceaneering 

Maxximum Oceaneering 

Millenium Plus Oceaneering 
Triton XTR Slingsby 

Triton XLX Slingsby 

* Other ROV systems not contained in the list may also be suitable host systems.  
 
 
 
The physical requirements for the ROV and handling/deployment system are as follows: 
 

• The minimum through-frame lift capacity of the ROV is 1,000 kg. 

• The ROV, A-frame and handling system must be able to handle an additional 
weight in air and through the splash zone of 600 kg for RITS. 

• The height of the A-frame must be able to accommodate RITS height of 
approximately 350 mm plus 400 mm to install and remove the ROV. 
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4.1.2 Hydraulic Interface 
The hydraulic motor-driven pump shall be supplied with hydraulic fluid directly from the host 
WROV. The clean fluid reservoir will be filled before every operation due to what system that 
will be operated. The requirements for the hydraulic supply are as follows: 
 

• Valve Packs: 2 off, 
 (4/3 bi-directional control valves with closed centre position) 

• Fluid: Mineral oil (Shell Tellus 22 or  
 equivalent) 

• Maximum supply pressure: 207 bar (3,000 psi) above ambient 

• Minimum flow requirement at 207 bar: 20 LPM 

• Minimum oil compensation: 6 liters 

• ROV interface connections 

∗ Supply: Custom (depends of the ROV) 

∗ Return: Custom (depends of the ROV) 
 
 

4.1.3 Electrical Interface 
RITS shall be supplied with electrical power and control signals directly from the electrical 
system on the host WROV via oil-filled interconnecting cables with wet mateable connectors. 
In addition, video signals from cameras on the ROV shall be routed back to the WROV for 
transmission to the surface. The requirements for the electrical power, communications and 
video interface are as follows: 
 

Interface ROV Requirement 

Electrical Power 110 - 120 VAC 

Electric Interface Burton 5506-2008 

RCU Interface ? probably the same 

Data Interface Serial line, RS485 half-duplex 
 
 
The electrical system on the WROV shall have sufficient power to run all lights and cameras 
in addition to RITS.  
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5 MATERIALS AND CORROSION PROTECTION 

5.1 MATERIAL SELECTION 
Material selection shall be as follows: 
 

Part Description Material Type Material Specification 

Structural Framework Aluminium, AA 6082-T6 NORSOK  

Machined Parts Aluminium, AA 6082-T6 NORSOK M-CR-120 
(#R2) 

Polymer Parts POM N/A 

Hydraulic Piping and 
Fittings 

AISI 316L 

 

KOS-DSP-1025 

Cylinders Structural Steel Hydex-Sylinderteknikk 
 
 

5.2 SURFACE TREATMENT 
Surface preparation, coating application, inspection, testing and repair shall be in accordance 
to the following: 
 

Part Description Coating System Cathodic Protection 

Tool frame N/A Raw aluminium anodes  

If needed 

Bolted interfaces Primer, max 50µ (zinc rich epoxy or 
aluminium pigmented epoxy) Tectyl 506 

N/A 

 
 

5.3 FABRICATION 
All fabrication, installation inspection and DE of structural steel and pressure containing 
equipment shall be conducted in accordance with NORSOK, M-CR-101 and M-CR-601. 
 
 

5.4 IDENTIFICATION AND TRACEABILITY 
Identification and traceability shall be conducted in accordance with FKS Document 
“Identification and Traceability” (#F3). 
 

5.5 PACKING, STORAGE AND PRESERVATION 
Packing, storage and preservation shall be conducted in accordance with FKS Document 
“Standard and Instructions for Packing, Protection and Preservation” (#F4). 
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6 TEST REQUIREMENTS 
RITS shall be subjected to a test programme in order to demonstrate that the design will 
satisfy all specified requirements and perform satisfactorily in service. 
 
The test program shall be divided into Unit Qualification and System Qualification, as 
outlined below.  
 

6.1 UNIT QUALIFICATION 

6.1.1 Factory Acceptance Test 
The individual components RITS shall be subjected to a Factory Acceptance Test (FAT) to 
verify that the equipment complies with the requirements of this specification and the 
applicable regulations, standards and codes. The FAT is to be carried out in accordance with 
written procedures provided by the supplier and approved by FKS. 
 
The minimum requirements for the FAT are: 
 

• Pressure test of hydraulic system and components. 

• Flushing of hydraulic components, cleanliness check. 

• External pressure test of the control system components. 

• Functional test of all the tool functions. This test shall be carried out several times 
to verify acceptable design requirements. 

• Final inspection to verify dimensional tolerances and weight etc. 
 
The hydraulic systems on RITS shall be pressure tested to 1.5 × design pressure. The 
acceptance criteria for the pressure test shall be a maximum 2% pressure drop over 15 
minutes under stable temperature conditions.  
 
The equipment supplier shall provide documentation to verify the fluid cleanliness level of the 
hydraulic system equal or better than that specified above at the time of delivery. 
 
The subsea controller enclosure and a minimum of five solenoid valves shall be tested for 
correct operation at an external test pressure of 200 bar. A successful test shall be 
accomplished by documenting correct operation of the electronics during cycling of the 
external pressure from 0 to 200 bar 10 times. During the last cycle, the pressure shall be 
maintained for a minimum period of 10 hours. Correct operation of the solenoids shall be 
determined by reading the input to the subsea controller.  
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The following shall be checked during the final inspection: 
 

• External and internal dimensions. 

• Interface dimensions. 

• Weight data. Parts to be used subsea shall be weighed both in air and in water 
with valve pack and compensator filled with oil. 

• Correct marking of the equipment. 

• Correct marking of individual components, piping, cables and terminal blocks. 
 

6.2 SYSTEM QUALIFICATION 
The System Qualification of the ROV Deployed ICS shall consist of two system tests: 
 

• System Test (ST) on land. 

• Shallow Water Test (SWT). 
 
Both tests shall be carried out in accordance with the Client’s requirements and written 
procedures approved by FKS if applicable. 
 
 

7 DOCUMENTATION 
The Document Schedule shall be an appendix to the purchase order. 
 

7.1 INTERMEDIATE DOCUMENTATION FROM SUPPLIER TO CLIENT  
 
The equipment supplier shall make the following documentation available to the client 
throughout the course of the project: 
 

Order Confirmation. 

Execution plan. 

General assembly drawings. The drawings and documents shall include parts lists, 
envelope dimensions and interface information. 

Factory acceptance test procedures. 
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7.2 FINAL DOCUMENTATION 
The following documents shall be submitted to the client subsequent to delivery of the 
equipment, in accordance with the document schedule: 
 

• General Arrangement (GA) drawings. 

• Piping and Instrumentation diagrams (P&ID). 

• Interconnection diagrams. 

• Wiring diagrams. 

• Hydraulic schematics. 

• Component list. 

• Spare parts list. 

• Detail drawings necessary to show locations of spares parts. 

• Software documentation including top level flow diagram and commented source 
code. 

• Hardware documentation including assembly drawings of printed circuit boards 
with component lists and wiring diagrams. 

• Data sheets for major components (hoses, cables etc.). 

• Technical Description. 

• Operation and Maintenance Manual including packing and preservation 
procedure. 

• FAT report including a cleanliness report. 
All documents shall be delivered as hand copies and in electronic format. 
 
 
 

7.3 DOCUMENTATION FOR OPERATION 
The following Documentation for Operation (DFO) shall be supplied by the client for the 
RITS Control System: 
 

Equipment User Manual (USM) including: 

∗ Technical description and data. 

∗ Transportation and storage. 

∗ Preservation and maintenance. 

Equipment Hook-up and Function Test (HFT). 
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