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SUBASSEMBLY PERFORMANCE SPECIFICATION 270698

Pump Mechanics with Fluidics

(2690 Separations Module and 690 Pump)
I.
Scope

1.
The purpose of this specification is to detail the requirements of the pump mechanics with fluidics for the 690 Pump and the 2690 Separations Module, from here on referred to as the “pump”.  There will be two mechanics assemblies with fluidics for each 690 and 2690 pump.  Later versions may employ more than 2 assemblies.

2.
 Applicable Documents

1.
Waters drawing 025031 “Z” detail.

2.
Waters drawing 270351, Stepper Motor

3.
Waters drawing 270313, Cable, Pump Motor

4.
Waters drawing 270525, Assy, Ball Screw w/ Nut

5.
Waters drawing 270026 Assy, Pump Mechanics

6.
Waters drawing 270025 Assy, Pump 

7.
Waters drawing 270148 Encoder

3.
Requirements

3.1.
Description

The pump mechanics is a high pressure positive displacement pumping apparatus.  It is for use in HPLC  applications, and therefore must withstand all chemicals used in chromatography.  The pump mechanics is designed with a 0.125” diameter plunger.

3.1.1.Description of use during operation of the Solvent Delivery System

Delivery (Forward) Stroke:

The stepper motor is commanded to rotate counter clockwise, when viewed from the pump head end, which in turn rotates the ball screw.  The ball nut is assembled into a piston and keyed to prevent relative rotation.  The piston is guided in a bronze bushing and is prevented from rotating by an attached bearing that is in turn guided in a slot in the bushing.  A compression spring is attached to the front of the piston assembly to provide pre-load to the bearing components and keep the nutcap in contact with the ball screw nut.  The result is a forward motion of the piston to which a plunger is attached to provide the displacement in the pump head chamber.

Intake (Backward) Stroke:

The stepper motor is commanded to rotate clockwise, when viewed from the front end, which in turn rotates the ball screw and controls the rate of return for the ball nut.  The compression spring, that was previously compressed, provides the force to keep the piston-plunger assembly back against the ball screw nut.  The result is a backward motion of the piston-plunger assembly causing expansion in the pump head chamber.

3.1.2. High Pressure Seal Removal

Tool-less seal removal is accomplished by first removing the seal wash tubes and head nut then positioning the plunger removal cone back and locking counter clockwise.  The stepper motor is then commanded to move the plunger forward.  With the cone now in the normal travel of the cams, the cams are rotated to release the plunger and the plunger-wash housing-head assembly is pushed out for operator removal.  From here the plunger can be removed and maintenance conducted.  

3.2.
Interface Definition

3.2.1. Mechanical

The mechanics housing is mountable via the two M4 tapped holes.

3.2.2. Fluidic

The outlet from the fluidic manifold is a Waters standard “Z” Detail.  

The inlet to the manifold is designed for a check valve with a  3/8 - 24  thread and a flat bottom bore.

3.2.3. Motor

The connector type is a Amp 640620-8 with a snap on cover Amp 643077-8.

The pin assignments are:

	PIN        
	Driver Connection

	1
	A Bar

	2
	A Bar

	3
	B Bar

	4
	B Bar

	5
	A

	6
	A

	7
	B

	8
	B


3.3.
Encoder:  

Description: Optical Encoder, 2 Channel Quadrature Output, Line Driver Option.

The connector type is a ten position IDC center polarized.

The pin assignments are:

	PIN        
	Parameter

	1
	NC

	2
	VCC

	3
	Ground

	4
	NC

	5
	A Bar

	6
	A

	7
	B Bar

	8
	B

	9
	NC

	10
	NC


Electrical Characteristics:


Two channel quadrature output with optional index pulse.


500 counts per revolution resolution.

TTL compatible.

Absolute Maximum Ratings


Supply Voltage, VCC = 0.5V to 7V.


Output Voltage, VO = -0.5 to VCC.


Vibration = 20g, 5 to 1,000 Hz
Mechanical Characteristics:


Ø 0.25 in Shaft diameter


External Mounting Ears.


Absolute Maximum Ratings:



Storage Temperature, Ts = -40°C to 70°C



Operating Temperature, Ta = 0°C to 70°C



Shaft Axial Play = ±0.25mm (±0.010 in)



Shaft Eccentricity Plus Radial Play = 0.1mm (0.004 in) TIR



Velocity = 30,000 RPM



Acceleration = 250,000 rad / sec2
3.4
Performance

3.4.1. Acceleration

The maximum acceleration of the mechanics will be 505,200 steps / sec2  ( 1,587 rad/sec2).
3.4.2. Velocity

The maximum velocity will be 50,000 steps / sec2  ( 157 rad/sec2).

3.4.3. Pressure Range

The operating pressure range for the system shall be  0 to 5,000 psig (0 to 345 bar, 0 to 34.5 Mpa) up to 3 mL / min, 0-4,000 3-5 ml/min for the system (primary and accumulator), 0-2,000 psig 5-10 mL/min.

Worst Case Load Combination for a Single Mechanics/Fluidics Assembly:  The worst case velocity/acceleration/pressure load occurs in the primary at 5 ml/min, 4,000 psig.  The conditions are acceleration 505,200 steps / sec2 ( 1,587 rad/sec2), velocity 50,000 steps / sec2 ( 157 rad/sec2), back pressure 4,000 psig.

With the fluidics removed the mechanics is capable of operating at 62lb. ( 28 Kg).

3.4.4. Pressure Integrity (Pressure Ramp/Decay or Static Leak Test)

The allowable pressure decay after ramping to 5,000 psig is 50 psig from 60 to 90 seconds (equivalent to 100 psig/min).  This is with the outlet dead ended, a stroke of 140 liters, and no more than 20% compression of the fluid when ramping up to pressure.

3.4.5. Micro-step Resolution/Volume Conversion


Displacement to volume conversion is 10,104 steps = 100 liters.


Micro step resolution is 2,000 steps/revolution (1/10 stepping).

3.4.6. Usable Travel


Total nominal travel for the mechanics with fluidics is 0.748 inches (19 mm)(15,199.4 steps).


Travel for 100 micro liter displacement is 0.497inches (12.63 mm)(10,104 steps).


Distance from TDC to release the plunger, with the release cone in position, is 0.033 in. (0.84 mm) (675steps).


With the fluidics removed the nominal usable travel of the mechanics is 0.880 inches (22.4 mm) (17,881.6 steps).  Rear hard stop is anti-rotation bearing in slot while front hard stop is compression spring at solid height.

3.4.7. Operating Travel

The maximum travel used in operation is 140 liters (14,145 steps).  The following drawings show the software controlled positions:
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3.4.8. Return spring force (nominal)


@TDC  21 lb. (9.4 Kg).


@ 130 l   15 lb. (6.8 Kg).

3.4.9. Flow Rate Range

The flow rate is from 10 micro liters/minute to 10 mL/min for the system (primary and accumulator connected serially).

3.4.10. Internal volume

The internal volume of one head and manifold, with the plunger at TDC, will be 90 L, not including the displaced volume of the plunger.  This is from the beginning of the Ø .025 bore at the bottom of the check valve detail to the Ø .030 bore at the bottom of the ‘Z’ detail

3.4.11. Design Life

The pump mechanics shall be capable of surviving 18.7 x 106 1/2” strokes at 4,000 psig pressure load.   This number is based on 3 mL/min, 8 hours/day, 5 days/week for 5 years.

3.4.12. Reliability

The pump mechanics shall have a MTBF of TBD hours.

3.4.13. Environmental Conditions (Per Waters Specification 56529)

3.4.13.1 Operating

The pump mechanics shall be designed to operate at a temperature range of +4 to +40 degree C and 0 to 80% relative humidity.

3.4.13.2 Non-Operating (Packaged for Shipment)

The pump mechanics shall be capable of surviving a temperature range of -40 to +125 degree C and a relative humidity range of 0 to 80%.

The pump mechanics shall be capable of surviving 25g shock loads in all three directions.

3.4.14. Materials of Construction

3.4.14.1 Fluidic

All wetted surfaces in the flow stream, excluding the check valve,  shall be constructed of 316 series stainless steel for mechanical parts, sapphire and UHMWPE.  Wetted spring materials will be:


Elgiloy for Furon plunger seals


Hastelloy  for Furon high pressure face seals


301 for Furon plunger wash seal


301 for Furon wash tube seals


316 for all Bal seals.

3.4.14.2 Housing

The mechanics housing shall be made from 6061-T6 aluminum alloy.  The housing finish shall be a chemical conversion per MIL-C-5541, class 3, color clear.

3.4.14.3 Ball Screw


Lead: 2.5 mm/rev. (.09843 inches/rev.)


Ball Screw Class: ISO T5 (Star Class 200)

3.4.14.4 Lubrication

The ball screw and inner components will be lubricated with Klüber Isoflex PDP 38.  The oil seals are made of Viton.

3.4.15. Weight

The maximum weight of one pump mechanics with fluidics shall be 7 lbf.

3.5 .  Seal Wash System

The seal wash system consists on a solenoid pump, tubing, seals and a seal wash housing.   A solenoid delivers liquid via tubing to the wash housing at the rear of the high pressure seals.  This keeps the rear of the high pressure seals lubricated and free from buffers that can precipitate.  The solenoid pump is a Teflon diaphragm normally closed  valve with two integral check valves which facilitate the pumping.  The tubing is 1/8” diameter Tefzel tubing and is connected to the solenoid pump with _-28 compression screws and reverse ferrules.  An inlet line is run to a reservoir while the outlet tube connects to the accumulator wash housing.  This connection to the wash housings is accomplished by spring energized radial seals.  This allows tool less and easy connection and disconnection by simply inserting and removing the tubing respectively. The tubing is guided into the seal wash housing tube seals by the clearance holes in the manifold.  A short piece of tube connects the accumulator wash housing to the primary wash housing.  A waste line connects from the primary wash housing to a waste container.

Materials:


Wash Housing




316


Tubing 





Tefzel (ETFE)


Wash Tube Seals




UHMWPE


Plunger Wash Seal




UHMWPE


Wash Tube Seal and Plunger Wash  Seal Springs
See: Material of Construction, Fluidic


Wash Face Seal




UHMWPE or Teflon (PTFE)


Wash Face Seal Energizer



Stainless Steel


Solenoid Pump Wetted Surfaces


Teflon

Wash System Design Pressure: 
 15 psi (1Bar) (0.1 Mpa).

Wash System Flow Rate:
2 mL minimum with two mechanics assemblies connected in series with a pump pulse rate of 1 pulse per second.  This is the priming rate.
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