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History Behind Screening DOE

• The British Ministry of Supply asked Robin Plackett and Peter 
Burman to develop a method for efficient learning under severe 
experimental constraints. Their goal was to study many variables 
with very few experimental runs.

• They assumed interaction effects were negligible, allowing 
focus on main effects only.

• Oxford University Press published their journal The Design of 
Optimal Multifactorial Experiments in June 1946.



Background

Identify the design variables that 
most significantly impact system 
efficiency or pressure ripple 
during the early development of a 
servo-hydraulic power unit. The 
coefficient of determination must 
be at least 85 percent.



11 Design Variables
Factor Variable (Typical Eaton Relevance) Low (–1) High (+1)

X1 Pump displacement (cc/rev) 18 24
X2 Pump rotational speed (rpm) 1800 2400
X3 System operating pressure (bar) 180 250
X4 Oil viscosity @ 40 °C (cSt) 32 68
X5 Valve spool land overlap (mm) 0.02 0.08
X6 Orifice diameter (mm) 1.2 1.8
X7 Case drain back-pressure (bar) 0.5 2.0
X8 Electrical supply voltage (V) 22 28
X9 Solenoid coil resistance (Ω) 6 10

X10 Ambient temperature (°C) 0 40
X11 Internal leakage clearance (µm) 8 14



QXL DOE >Create Design >Create Plackett-Burman Design
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QXL DOE >Create Design >Create Plackett-Burman Design



4 Response Variables

Measure the following performance metrics per run:

Y₁: Overall system efficiency (%)

Y₂: Pressure ripple amplitude (bar RMS)

Y₃: Valve response time (ms)

Y₄: Power loss / heat generation (W)



QXL DOE >Create Design >Create Plackett-Burman Design



QXL DOE >Create Design >Create Plackett-Burman Design





Reduce Coded Model: QXL DOE  >Analyze Design  >Run Regression







R  = 99%

Pareto Analysis of Factor Influence for Each Response Variable



Reduce Coded Model: QXL DOE  >Analyze Design  >Run Regression



Pareto Analysis of Factor Influence for Each Response Variable

R  = 100%



Reduce Coded Model: QXL DOE  >Analyze Design  >Run Regression



Pareto Analysis of Factor Influence for Each Response Variable

R  = 88%



Reduce Coded Model: QXL DOE  >Analyze Design  >Run Regression



Pareto Analysis of Factor Influence for Each Response Variable

R  = 66%



Thought Process Map for Conducting Experiments
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Rationale Behind 2nd DOE for Servo-hydraulic Power Loss 

The design team aims to better understand 
power loss. The three factors previously 
identified from the screening DOE are:

• System Pressure

• Case drain / return back pressure

• Internal clearance (leakage clearance)



QXL DOE >Create Design >Create CCD Design
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QXL DOE >Create Design >Create CCD Design





Reduce Coded Model: QXL DOE  >Analyze Design  >Run Regression

Goal Met: R  > 85%



R  = 99.53%



Minimize Power Loss



Regression in Coded Units (Only): QXL DOE >Optimize 
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Regression in Coded Units (Only): QXL DOE >Optimize 



Regression in Coded Units (Only): QXL DOE >Optimize 



Optimal Set Points to Minimize Power Loss



Summary
• The Plackett-Burman (PB) design required only 12 runs to evaluate 

11 factors, while a full-factorial design would have needed 2,048 
runs (2number-of-factors).

• In three out of the four cases studied, the main effects were 
sufficient for accurately predicting the critical quality performance 
metric.

• The PB design eliminated 8 out of the 11 factors that were 
suspected to influence Power Loss.

• The coefficient of determination for the Power Loss model 
increased from 66% to 99% when a response surface design was 
used.
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