
 
 
 
 
 

OPERATION/MAINTENANCE 
MANUAL FOR THE ELECTROMAGNETIC 

DENT REMOVER 
(EDR) 

Electroimpact, Inc. 
4606 107th St. S.W. 

Mukilteo, Washington 98275 
Phone: 425-348-8090 
FAX: 425-348-0716 

Model Number:   EDRS 2001 

 

 

 

 

 

Rev. 061903



 2

 

1. INTRODUCTION 4 

1.1. SYSTEM COMPONENTS 4 

2. CAUTIONS 6 

3. SYSTEM SETUP 8 

3.1. INPUT POWER 8 

3.2. ELECTRICAL CONTROL BOX 8 

3.3. CONTROL CABLE AND PULSE CABLE 9 

3.4. WORK PIECE 9 

3.5. HANDHELD ACTUATOR (HEAD) 9 

3.6. WORK COILS 10 

4. GENERAL OPERATION 11 

4.1. ESTOP 11 

4.2. PRESETS 12 

4.3. CHARGING AND FIRING 12 

5. OPERATOR INTERFACE SPECIFICS 13 

5.1. OVERVIEW 13 

5.2. MAIN SCREEN 13 

5.2.1. ACTUAL VOLTAGE DISPLAY (DEFAULT) 13 

5.2.2. CURRENT LAST SHOT 13 

5.2.3. VOLTAGE SET POINT 13 

5.2.4. ERROR 13 

5.2.5. SHOT COUNT THIS COIL 14 

5.2.6. SHOT COUNT THIS SESSION 14 

5.2.7. SHOT COUNT THIS MACHINE 14 

5.2.8. TOTAL SHOTS LV 14 



 3

5.2.9. TOTAL SHOTS HV 14 

5.2.10. MUST RUN GFI TEST 14 

5.3. DIAGNOSTICS SCREEN 14 

5.3.1. CAP TEST 14 

5.3.2. BUTTON TEST 15 

5.4. ERROR SCREEN 15 

5.4.1. GFI 15 

5.4.2. VOLTAGE DIVIDER FAULT 15 

5.4.3. SB LOW OVER VOLTAGE 16 

5.4.4. SB HIGH OVER VOLTAGE 16 

5.4.5. FB OVER VOLTAGE 16 

5.4.6. SB CHARGE TIME FAULT 16 

5.4.7. FB CHARGE TIME FAULT 16 

5.4.8. NSNF FAULT 16 

5.4.9. SB RUNAWAY FAULT 16 

5.4.10. FB RUNAWAY FAULT 17 

5.4.11. SB OUT OF LIMITS 17 

5.4.12. FB OUT OF LIMITS 17 

5.4.13. OVERTIME 17 

5.4.14. CHARGE/DUMP FAULT 17 

5.4.15. SB MISFIRE 17 

5.4.16. FB MISFIRE 17 

6. THEORY OF OPERATION  

7. MAINTENANCE 

 



 4

 

1. INTRODUCTION 
The Electroimpact EDR system removes dents in aircraft with out rearside access to 

the damaged area.  The EDR is safe and easy to operate provided the instructions are 

clearly understood and all cautions are strictly observed. 

1.1. System Components 

        The EDR system includes the following major components: 

1. One handheld actuator.  

2. One Operator Interface. 

3. One electrical control box. 

4. Work coils. 

5. One set of cabling. 

6. One Operation/ Maintenance manual. 

1.2. Intended Use 

This machine is intended for use in removing dents from aluminum aircraft panels. 

1.3. Physical Description 

The EDR consists of a main chassis or Electrical Control Box which resides in a 

bright orange molded plastic container measuring approximately 35.25” High x 36” 

Wide x 60” Long and weighing approximately 1000# and a Control Head with 

associated connecting cables (1 pulse cable and 1 control cable).  There is 

adequate space inside the container to carry the complete control head and 

associated cables.  Note: these dimensions and weight are for the EDR itself and 

do not include its shipping crate. 

1.4. Performance Capabilities 

In the hands of a skilled operator, the EDR is capable of removing a wide variety 

of dents from aluminum skin panels.  The degree to which any dent can be 

removed and the number of shots required depend on the size and geometry of 

the dent, the thickness of the panel, panel curvature, location of the dent relative 

to supporting structure, etc.  The manufacturer makes no specific claims as to the 
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effectivness or suitability of EDR use on any given dent.  It is up to the end user to 

determine suitability and develop protocol for use based on experience. 

 

1.5. Support Requirements 

1.5.1. Accessories 

1.5.2. Utilities 

1.6. Equipment Requirements 

1.6.1. Environment 

The EDR is designed for use in a typical factory environment having an ambient 

air temperature of 55 to 110 degrees F and a relative humidity of 40 to 95% (non-

condensing). 

 

If the EDR is used in the field, care should be taken to insure that it is shielded 

from extended periods of direct sunlight, especially while in use.  The importance 

of this cannot be overemphasised.  Radiant heat from direct sunlight or any 

infrared heat source can elevate the internal temperature of the EDR far above 

ambient.  Likewise, adequate time should be allowed for the EDR to equilibrate 

with ambient temperature in the specified range after being transported through 

colder temperatures before applying power.  Operating the EDR outside the range 

of acceptable temperatures can yield unpredictable results and can lead to 

catastrophic failures as well as reduced life of internal components. 

1.6.2. Transportation 

When closed and latched, The EDR’s molded plastic case should provide 

sufficient protection for careful transport inside the factory.  If the EDR is being 

transported between buildings or facilities it should be crated. 

 

The EDR should remain in the upright position at all times, this includes while 

being transported.  Excessive vibration and mechanical shock can cause damage 

and should be avoided. 
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1.7. Personnel Requirements 

1.7.1. Certification 

??? 

1.7.2. Qualifications 

Individuals with prior experience as skilled machine operators shall be deemed 

suitable as candidates for training as EDR operators. 

Maintenance and repair tasks should be undertaken only by individuals who 

posess at a minimum a basic knowledge of the principles of EDR circuit operation 

and who are experienced in working on high voltage, high power, stored energy 

systems.  See section 2, “Cautions.” 

1.7.3. Training 

The EDR should be operated only by personnel who are trained in using it. 

 

2. Cautions 
 

THERE ARE NO USER SERVICEABLE COMPONENTS IN THE 

ELECTRICAL CONTROL BOX.  THE EDR SHOULD BE SERVICED 

ONLY BY QUALIFIED ELECTRICAL TECHNICIANS EXPERIENCED IN 

THE SAFETY ISSUES INVOLVED WHEN WORKING WITH HIGH 

VOLTAGE AND HIGH CAPACITANCE ELECTRICAL EQUIPMENT.   

 

 

FIGURE 1 
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UNDER NO CIRCUMSTANCES SHOULD HANDS BE PLACED WITHIN 

THE ELECTRICAL BOX WHEN THE BANKS ARE CHARGED.  

REMOVE 110VAC MAIN POWER TO BLEED DOWN CAP BANKS.  

CONFIRM THE VOLTAGE ON THE ANALOG VOLTMETER (FIGURE 

1).  CONFIRM THE CAPS ARE DISCHARGED WITH A HIGH VOLTAGE 

VOLT-METER. 

 

 

 

THE ELECTROMAGNETIC DENT REMOVER IS A HIGH VOLTAGE 

MACHINE.  UNDER NO CIRCUMSTANCES SHOULD HANDS BE 

PLACED IN CLOSE PROXIMITY TO, AND NEVER IN L INE WITH THE 

WORK COIL WHEN THE MACHINE IS ENERGIZED.  SERIOUS INJURY 

COULD RESULT.  FURTHERMORE, AT ANY POWER LEVEL, THE 

WORK COIL CAN BREAKDOWN DURING THE FIRING SEQUENCE 

CAUSING A SMALL AMOUNT OF MATERIAL TO BE EJECTED FROM 

THE FACE OF THE WORK COIL AT A HIGH VELOCITY.  SHOULD 

THIS TYPE OF FAILURE OCCUR, ELECTRICAL DISCHARGE FROM 

THE FACE OF THE COIL IS ALSO A POSSIBIL ITY. NEVER POINT THE 

WORK COIL TOWARDS ANOTHER WORKER OR YOURSELF WHEN 

THE MACHINE IS ENERGIZED. 

 

PROTECTIVE GLASSES AND HEARING PROTECTION MUST BE 

WORN AT ALL TIMES WHEN OPERATING THIS MACHINE.   

 

WHEN OPERATING AT LEVELS IN EXCESS OF 15,000 AMPS, COIL 

TEMPERATURE MUST BE CHECKED AFTER EACH SHOT.  IF THE 

COIL IS WARM TO THE TOUCH IT MUST BE INTERCHANGED 

BEFORE THE NEXT SHOT.  FAILURE TO EXCHANGE COILS 

REGULARLY WILL RESULT IN COIL FAILURE. 

 

CAPACITORS MUST NEVER BE LEFT UNATTENDED IN A CHARGED 

STATE. 

 

NO PERSON SHALL BE WITHIN THREE (3) FEET OF THE EDR WHEN 

IT IS CHARGING OR IN THE CHARGED STATE. 
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3. System Setup 

3.1. Input Power 

1. Before connecting 110VAC to the control box, 

ensure that the red ESTOP mushroom is 

pressed in and Overvoltage circuit breakers 

(CBs) are in the tripped (OFF) position (Figure 2). 

2. Once the machine power is connected.  Reset 

the Overvoltage CBs and pull the ESTOP 

mushroom out.  The machine may be brought 

out of ESTOP just prior to setting up the 

PRESETS and energizing the machine. 

 

3.2. Electrical Control Box 

Inspect the Electrical Control Box for any visible 

damage.  Do not use the EDR if there is any 

damage to Electrical Control Box or any other part of the machine. 

 

 
Figure 3 

Electrical Control Box 

 

Figure 2 
Overvoltage Circuit Breaker 

(shown in reset position) 
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3.3. Control cable and Pulse cable 

Inspect the Control and Pulse cables (Figure 4) 

for damage of any kind.  If the sheath of either 

cable is damaged, the machine is extremely 

dangerous.  Do not use the EDR if there is any 

damage to the Control cable or Pulse cable. 

 

 

 

 

3.4. Handheld Actuator (Head) 

1. Before using the EDR, examine the head 

(Figure 5) for damage.  Closely inspect the 

body for cracks, chips and missing parts.  Do 

not use the EDR if there is any damage to the 

head or any other part of the machine. 

2. Insert coil, and torque the coil retaining screw 

to 90in-lbs.  

 

 

 

3.5. Work piece 

1. Ensure that the part is shorted to earth via a 

ground strap to conduit.   

2. Place two layers of MYLAR over dented area 

to add electrical isolation from the work coil to 

the work piece (Figure 6). 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 4 
Pulse and Control Cables 

CONTROL CABLE 

PULSE CABLE 

Figure 5 
Handheld Actuator or “ Head”  

Figure 6 
Mylar Target Taped In Place On 

Workpiece 
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3.6. Work Coils 

1. Inspect the each Work Coil before use 

for damage (Figure 7).   

2. Closely inspect the face of the coil.  

Look for breaks (Figure 7-a) or bubbles 

in the coil’s face.  If either exists, the 

coil is unserviceable and must be 

returned to Electroimpact for repair.  

Inspect the clamp leads for cracks.  If 

these are damaged the coil is 

unserviceable. 

 

  

 

WARNING_______ 

DO NOT USE THE EDR IF ANY COMPONENTS 

ARE DAMAGED.  SERIOUS INJURY OR DEATH 

BY ELECTROCUTION MAY RESULT! 

Figure 7 
Damaged Coil (a) and Good Used Coil (b)  

a b 
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4. GENERAL OPERATION 

4.1. ESTOP 

1. Connect the input 110VAC power cord to a 110VAC, 20A source. 

2. Ensure that access doors are fully closed. 

3. Check that the control cable is connected properly. 

4. Reset (turn on) Overvoltage circuit breakers (CBs). 

5. Pull ESTOP Mushroom out. 

6. If the Operator Interface, 

located on top of the 

control box cover, 

(Figure 8) is displaying 

this message, press any 

key to continue. 

7. Press ESTOP Reset button located 

next to the Operator Interface. 

8. If this is the first time the machine 

has been turned on for this session, 

the control will not allow you to do 

anything further until you first run a 

GFI (Ground Fault Interrupt) test 

(see section 5.4.1).  The GFI test 

button is located near the ESTOP 

Reset button (Figure 9).

Wel come t o t he ELECTROI MPACT EDR 

El ect r omagnet i c Dent  Removal  Syst em.  

 

 

Figure 8 

Operator Interface 

Figure 9 

Control Panel 
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4.2. Presets 

1. To adjust the any of the ten (10) presets, bring the machine out of ESTOP (4.1). 

2. Cycle through the presets using either of the MODE buttons on the Head until 

the Operator Interface displays the preset you want to adjust. 

3. Press [Change Setpoint]1 and using the number pad enter a number between 

100V and 450V.  Finally Press [ENTER]. 

4. Repeat steps 1 through 3 as necessary. 

5. Charge Setpoint 

Adjusts voltages of the 10 presets.  Select desired voltage settings between 100 

and 450 volts. 

6. Rise Time Pull Down 

Adjusts timing of fast bank pull down.  Press Alt 3 and hold,  press Alt 2. 

7. Slow Bank Multiplier 

Multiplies the slow bank voltage by this number to set the Fast Bank voltage.  

Press Alt 3 and hold, press Alt 4. 

 

4.3. Charging and Firing 

1. With the machine in the IDLE state and observing all cautions in Section 2 and 

completing all steps in Section 3, depress both charge buttons on the Head. 

2. While the machine is charging ensure that both the analog and digital voltage 

displays follow each other and that they move upward in voltage until the 

machine switches to the CHARGED state. 

3. Once the Operator Interface is displaying the CHARGED state place the work 

coil on the MYLAR target located over the damaged area of the aircraft.   

4. Pull either the left or the right FIRE button.  Wait for about one (1) second and 

then pull the other FIRE button.  This will immediately cause the machine to go 

through its firing sequence.2 

                                            

·  1 The square bracket notation, [ ], refers to a button on the Operator Interface Keypad (e.g. [­ ] refers to 

the up arrow key). 

·  2 Should you pull both FIRE triggers at once, the machine will hesitate as it charges up the firing 

circuit.  This circuit is charged only when at least one of the FIRE triggers is actuated and held. 
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5. Operator Interface Specifics 

5.1. Overview 

The Operator interface is divided into three screens: 

1. Main Screen – selected by pressing [Main Screen]. 

2. Diagnostics Screen – selected by pressing [Diagnostics Screen]. 

3. ERROR Log Screen – selected by pressing [ERROR Log Screen]. 

Each screen has two or more pages.  The pages may be changed by pressing [­ ] 

or [¯ ]. 

5.2. Main Screen 

During normal operation the Operator Interface must be in the Main Screen.  The 

first line of the Main Screen always displays the current state (ESTOP, IDLE, 

CHARGING, CHARGED, READY TO FIRE, FIRING) as well as displaying the User 

Recipe or Preset selected and its associated power level. 

5.2.1. Actual Voltage Display (Default) 

This Page displays the actual voltages on the Slow Bank and Fast Bank capacitors.  

When the machine is switched into the CHARGING state, the Operator Interface 

automatically displays this screen. 

5.2.2. Current Last Shot 

After firing the EDR the Operator may want to see what the peak current in the 

work coil was during the last shot.  This page is mostly used for diagnostics and is 

not necessary for normal machine operation. 

5.2.3. Voltage Set Point 

The Voltage Set Point screen displays the charge to voltage of the Slow Bank and 

Fast Bank for a given Preset or User Recipe. 

5.2.4. ERROR 

The ERROR page displays any current ERRORs detected by the uDAC control.  

Should the uDAC detect an error it will immediately initiate an ESTOP, display this 

page, and light the ERROR indicator on the HEAD. 
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5.2.5. Shot Count this Coil 

Displays the number of shots on the current coil.  This can be reset by displaying 

this page and pressing [Reset Coil Count]. 

5.2.6. Shot Count this Session 

Increments each time the EDR is fired.  This value is automatically reset on power 

up. 

5.2.7. Shot Count this Machine 

Incremented each time the EDR is fired.  This number is stored in permanent 

memory and cannot be reset. 

5.2.8. Total Shots LV 

Number of shots fired at 20kA or Less. 

5.2.9. Total Shots HV 

Number of shots fired above 20ka. 

5.2.10. Must Run GFI Test 

After power up machine GFI must be tested.  To clear this screen, bring control out 

of ESTOP and press the GFI test button. 

 

5.3. Diagnostics Screen 

5.3.1. Cap Test 

The Cap Test Diagnostic measures the ½ life decay of each of the two capacitor 

banks.  To run a Cap test use the following procedure: 

1. From the Main Screen place the control in the IDLE state.   

2. Press [Diagnostics Screen]. 

3. Press [Begin Diagnostic]. 

4. Pressing the CHARGE buttons on the head causes the  capacitor banks to 

charge up and then automatically discharge.  As soon as the capacitor 

discharge begins the control monitors the voltage on the capacitors and 

measures the elapsed time until they have decayed to half the voltage. 

5. The measured ½ life should be within five percent (5%) of the calculated value. 
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5.3.2. Button Test 

The Button Test displays the logical state of the buttons on the Head.  To initiate a 

Button Test use the following procedure: 

1. From the Main Screen place the control in the IDLE state. 

2. Press [Diagnostics Screen]. 

3. Press [­ ] or [¯ ] once or 

until the following 

screen appears: 

4. When the Charge 

buttons on the Head are depressed, the character after Charge: should display 

1. 

5. When the Left Fire button on the Head is pressed Fire L: should display a 1.  

The same should occur for the Right Fire button and the Mode Button.   

5.4. ERROR Screen 

The uDAC controller currently tests for and tracks 14 different errors.  Any current 

errors are displayed in the Main Screen in the ERROR page.  A history of errors is 

stored in the ERROR Screen.  To see how many times a given error has occurred 

press [Diagnostics Screen] then page through the recorded errors using the [­ ] or 

[¯ ] keys.  The following is a description of the errors monitored by the uDAC control. 

5.4.1. GFI 

A GFI is initiated anytime part of the control circuit is somehow shorted to ground.  

The GFI circuit only works when the EDR is not in ESTOP.  It is extremely 

important that this circuit is in working order.  Next to the Operator Interface is a 

button labeled GFI Test.  This button should be pushed each time the machine is 

brought out of ESTOP after initial power up. 

5.4.2. Voltage Divider Fault 

The slow bank is comprised of four different banks of capacitors.  Two sets of two 

are stacked on top of each other.  Each stack of two must have a balanced 

potential across them or there is something wrong with the slow bank capacitors.  

Two possible causes could be a shorted capacitor or a failed divider circuit. 

But t on Test  

Char ge:  0  Fi r e L:  0  Fi r e R:  0  Mode:  0 
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5.4.3. SB Low Over Voltage 

As stated in 6.2, the slow bank is somewhat complex.  This error is generated when 

the low side of the slow bank exceeds 450 Volts. 

5.4.4. SB High Over Voltage 

Similar to 6.3, but this error is generated when the potential across the high side of 

the slow bank exceeds 450 Volts. 

5.4.5. FB Over Voltage 

Generated when the fast bank voltage exceeds 9500 Volts. 

5.4.6. SB Charge Time Fault 

When the uDAC control is in the CHARGING state, it checks to make sure the slow 

bank voltage is increasing.  Should the slow bank fail to charge an SB Charge Time 

Fault is generated. 

5.4.7. FB Charge Time Fault 

When the uDAC control is in the CHARGING state, it checks to make sure the fast 

bank voltage is increasing.  Should the fast bank fail to charge an FB Charge Time 

Fault is generated. 

5.4.8. NSNF Fault 

NSNF stands for No Slow No Fast.  One of the more critical operations the EDR 

control performs, the NSNF checks to make sure at least 70% of the expected slow 

bank current occurred during the initial discharge.  If the control does not detect this 

current, the fast bank is not triggered thereby keeping the machine from destroying 

the work piece.  A consequence of no fast bank firing is the work coil must dissipate 

more energy.  This can damage the coil.  If the machine generates a NSNF fault, it 

is imperative that the operator examine the work coil. 

5.4.9. SB Runaway Fault 

When the control is in the CHARGING or CHARGED state, it checks to make sure 

it was successful in turning off the charging circuit.  Should the SB continue to gain 

potential, SB Runaway Fault is generated. 
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5.4.10. FB Runaway Fault 

When the control is in the CHARGING or CHARGED state, it checks to make sure 

it was successful in turning off the charging circuit.  Should the FB continue to gain 

potential, FB Runaway Fault is generated. 

5.4.11. SB Out of Limits 

Compares the voltage on the SB to the desired charge to value.  SB Out of Limits 

fault is generated any time this value varies by ±25V once the SB is charged. 

5.4.12. FB Out of Limits 

Compares the voltage on the FB to the desired charge to value.  FB Out of Limits 

fault is generated any time this value varies by ±100V once the FB is charged. 

5.4.13. Overtime 

After the machine is left standing in an energized state for more than 90 seconds, 

this fault is generated.  This is an important, however inconvenient, safety feature. 

5.4.14. Charge/Dump Fault 

Should current flow through the slow bank dump resistor during charge up the 

uDAC control generates a Charge/Dump fault. 

5.4.15. SB Misfire 

Should the voltage abruptly decrease on the slow bank, the machine control 

assumes that the slow bank fired out of sequence and records this error. 

5.4.16. FB Misfire 

Should the voltage abruptly decrease on the fast bank, the machine control 

assumes that the fast bank fired out of sequence and records this error.  This could 

be due to the spark gap auto-triggering.  

 

6. Theory of Operation 
The work coil is fluxed by discharging a high energy bank of capacitors through it.  This 

creates relatively long duration (~2ms) very high current pulse (up to 30kA).  As the 

current increases, the magnetic field in the coil builds.  When this pulse reaches its 

peak (or just slightly after) a second bank of capacitors which is already charged to a 
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higher voltage than the first, but in reverse polarity, is switched into the circuit.  The fast 

bank capacitors discharge in about 100mmmms. This causes a very sudden decrease in the 

current flow into the work coil, thus causing a very large -dB/dt which is efficiently 

countered in the work piece, however in the same direction as the field in the coil.  For a 

very short time the work piece (aluminum) and the coil have field polarities in the same 

direction.  This accelerates the work piece into the flat coil face...effectively hammering 

it from behind into the face of the work coil. 

 

Solid state devices are used to rectify and switch the currents which charge the 

capacitor banks.  High power SCRs (silicon controlled rectifiers) are used to discharge 

the slow bank capacitors into the load, and a high voltage, high power, triggered spark 

gap is used to connect the fast bank capacitors to the load.  Subsequent to firing of the 

fast bank capacitors, a high power SCR is used to switch a stack of high power diodes 

(the crowbar stack) across the load.  The crowbar stack absorbs the energy which 

remains in the work coil after firing the spark gap and prevents ringing which would 

otherwise lead to spark gap and work coil damage.  The voltage levels on the charged 

capacitor banks and timing of firing of the high power switching components is under 

the control of the onboard MicroDAC SBC (single board computer). 

 

7. Maintenance 
 

 


