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Introduction

Damaged bodywork is corrected by first observing the extent of the damage, then deciding how it was caused and the sequence in which it occurred. The resulting damage can be classified into two groups:

Direct or primary damage
This results from the impact on the area in actual contact with the object causing the damage. This will result in the largest area of visible damage and is the cause of all other consequent damage. Primary damage is identified by first determining the direction of the primary impact. This knowledge will help in the search for concealed damage.
Indirect or secondary damage
This is usually found in the area surrounding the direct damage which causes it, although in certain cases it may be some distance from the actual point of impact.

In general a non structural panel is a panel that can be removed easily and is fastened by bolts screws, clips or spotwelds (E6 ford). Such panels do not form an integral part of the body shell.
Unit Objective: 

Realignment of Non-Structural Panels  

By the end of this unit each apprentice will be able to: 

· Safely repair a non-structural panel
· Ensure even couture between panels

· Select appropriate tools for removing/refitting panels

· Ability to create and sustain a safe working environment

Key Learning Points:

· Damage roughing-out process
· Metal shrinking/stretching
· Metal finishing repaired panel
· Removing and refitting light body panels
· Door locks and window mechanisms

· Appropriate tools for removing a door

· Removal of door hinge pins 
· Dust extraction systems
· Removing and storing of glass
Safe Repair of a Non-Structural Panel

See Module 1, unit 2 Induction

· Damage roughing out process

· Metal shrinking/stretching

· Ensure even contour between panels

· Metal finishing repaired panels

All the above exercises see: Module 2, unit 2 Metal Finishing 

· Select appropriate tools for removing/refitting panels

· Removal of door hinge pins

· Appropriate tools for removing a door.

For door removal tools see:  Module 2, unit 1 Tools  

1.0 Safe Repair of a Non-Structural Panel

1.1 Jack and Lifting

Garage Jacking
Trolley jack: when raising the front of the vehicle, locate a trolley jack beneath the front towing eye at (A) in Fig 2. At the rear, place the trolley jack below the towing eye at (D).
Vehicle Lifts: when raising the vehicle on a wheel free lift, locate the lifting arms at the standard jacking points (B) and (C).

Axle Stands: locate axle stands beneath the standard jacking points (B) and (C).
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     Figure 1: Garage Jacking
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Never work without Axle Stands
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When raising and supporting the vehicle at point (A) and (B) it is necessary to use suitable hard rubber pads in conjunction with the lifting heads to reduce the risk of vehicle damage. 
1.2 Removing Refitting Light Body Panels
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Figure 2: Removing Light Body Panels
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Figure 3: Refitting Light Body Panels

1) Door mirror
2) Bonnet panel

3) Boot lid

4) Front wing

5) Radiator grille

6) Front bumper bar

7) Headlamps

8) Sidelamps

9) Side skirts

10) Front door

11) Rear door

12) Rear bumper bar
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Figure 4: Light Body Panels
1) Door mirror assembly

2) Motif

3) Scuttle grille

4) Rear bumper insert

5) Rear bumper

6) Front grille

7) Scuttle moulding

8) Lower screen moulding

9) Front bumper insert

10) Front bumper

11) Front spoiler

12) Lower front grille

13) Rear wing waist moulding

14) Rear door waist moulding

15) Front door waist moulding

16) Front wing waist moulding
1.3 Wings
A wing is a part of the body which covers the wheel. Apart from covering the suspension construction, the wing prevents water and mud from being thrown up on to the body by the wheels. The front wings (or the fender assembly) are usually attached to the wing valance of the front end assembly by means of a flange the length of the wing, which is turned inwards from the outer surface and secured by either welding or bolts. Adjustment for the front wing is usually provided for by slotting the bolt holes so that the wing can be moved either forwards or backwards by loosening the attaching bolts. This adjustment cannot be made if the wing is welded to the main body structure.

In some models the headlights and sidelights are recessed into the front wing and fastened in place by flanges and reinforcement rims on the wing. Any trims or chrome which appears on the side of the wing is usually held in place by special clips or fasteners which allows easy removal of the trim.
[image: image22.jpg]§ b= 5




[image: image23.jpg]]
z
H
)
o
=
3
<]
@



The unsupported edges of the wing are swaged edges known as beads. The bead is merely a flange which is turned inwards on some cars and then up to form a U-section with a rounded bottom. It not only gives strength but prevents cracks developing in the edges of the wing due to vibration and it provides a smooth finished appearance to the edge of the wing. 
Figure 5: Bolted Wing
The replacement welds, adhesives, etc. shown on the welding diagrams are denoted by the following symbols:
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Figure 6: Spot Welds
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Figure 7: Resistance Spot Welds
Doors

Several types of door are used on each vehicle built, although the construction of the various doors is similar regardless of the location of the doors on the vehicle. The door is composed of two main panels, an outer and an inner panel, both being of all-steel construction. The door derives most of its strength from the inner panel since this is constructed mainly to act as a frame for the door. The outer panel flanges over the inner panel around all its edges to form a single unit, which is then spot welded or, in some cases, bonded with adhesives to the frame.

The inner panel has holes or apertures for the attachment of door trim. This trim consists of the window regulator assembly and the door locking mechanism. These assemblies are installed through the large apertures in the middle of the inner panel. Most of the thickness of the door is due to the depth of the inner panel which is necessary to accommodate the door catch and window mechanism. The inner panel forms the lock pillar and also the hinge pillar section of the door. Small reinforcement angles are usually used between the outer and inner panel, both where the lock is inserted through the door and where the hinges are attached to the door. The outer panel is either provided with an opening through which the outside door handle protrudes, or is recessed to give a more streamlined effect and so to create better aerodynamics.

The upper portion of the door has a large opening which is closed by glass. The glass is held rigidly by the window regulator assembly and when raised it slides in a channel in the opening between the outer and inner panels in the upper portion of the door. When fully closed the window seals tightly in this channel, effectively sealing out the weather.
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Boot Lid or Tailgate
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This is really another door which allows access to the luggage compartment in the rear of the car. A boot lid is composed of an outer and an inner panel. These panels are spot welded along their flanged edges to form a single unit in the same manner as an ordinary door. The hatchback and estate car have a rear window built into the boot lid, which is then known as a tailgate. Some manufacturers use external hinges, while others use concealed hinges attached to the inner panel only. A catch is provided at the lower rear edge of the boot lid or tailgate and is controlled by an external handle or locking mechanism. This mechanism may be concealed from the eye under a moulding or some type of trim. In some models there is no handle or external locking mechanism, instead the hinges are spring loaded or use gas filled piston supports, so that when the lid is unlocked internally it automatically rises and is held in the open position by  these mechanisms.

 Figure 8: Boot Lid Variations
Bonnet

The bonnet is the panel which covers the engine compartment where this is situated at the front of the vehicle, or the boot compartment of a rear-engined vehicle. Several kinds of bonnets are in use on different makes of cars. The bonnet consists of an outer panel and an inner reinforcement constructed in the H or the cruciform pattern, which is spot welded to the outer panel at the flanged edges of the panels. The reinforcement is basically a top-hat section, to give rigidity to the bonnet. In some cases the outer panel is bonded to the inner panel using epoxy resins. This system avoids the dimpling effect on the outer surface of the bonnet skin which occurs in spot welding. 

Early models used a jointed type of bonnet which was held in place by bolts through the centre section of the top of the bonnet hinged both at the centre and at the side. The most commonly used bonnet on later constructions is known as the mono or one-piece type and can be opened by a variety of methods. On some types it is hinged at the front so that the rear end swings up when the bonnet is open. Others are designed so that they can be opened from either side, or unlatched from both sides and removed altogether. Most bonnets, however, are of the alligator pattern, which is hinged at the rear so that the front end swings up when opened.

The type of bonnet catch mechanism depends on the type of bonnet used. When a bonnet opens from the rear the catch mechanism is also at the rear. When it opens from either side the combination hinge and catch are provided at each side. The alligator bonnets have their catches at the front and in most cases the catches are controlled from inside the car.
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Bonnets are quite large, and to make opening easier the hinges are usually counterbalanced by means of tension or torsion springs. Where smaller bonnets are used the hinges are not counterbalanced and the bonnet is held in place by a bonnet stay from the side of the wing to the bonnet. Adjustment of the bonnet position is sometimes possible by moving the hinges.   
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1.4 Panel Replacement Operations
Front Bumper Removal

Figure 9: Front Bumper Removal
To remove: (Refit in reverse order) 
· Raise vehicle and remove 2 off scrivets (1 each side) securing wheel arch liners to wings front.

· Release wheel arch liners and remove 2 off screws (1 each side) securing bumper to wings front.

· Remove 2 off lower bolts (1 each side) securing bumper to wheel arch liners

· Remove 2 off lower bolts securing bumper to front crossmember and 4 off scrivets (2 each side) to release bumper from bonnet landing panel.

· Release bumper and disconnect fog lamp connectors. (if headlamp washers fitted, release clip and disconnect power wash hose.)

· Protect paintwork and remove bumper.

1.5 Fits and Clearances
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         Figure 10: Fits and Clearances
Figure 11: Fits and Clearances
1. Bumper/wing             2. Wing/door FR             3. Door R/door        
4. Door R/¼ Panel        5. ¼ Panel/boot door      6.  Bonnet/wing  

Front End/Bodyside Clearances
       Figure 12[image: image32.jpg]


: Front End/Bodyside Clearances
	Front Section
	Gap
	Gap Description
	Dim.  (mm)
	Profile Description
	Dim.   (mm)

	A - A
	a
	Grille to Bumper
	8.0 ± 1
	-
	-

	B -B
	b
	Bonnet to Bumper
	5.5 + 3 to –o
	-
	-

	C-C
	c
	Bonnet to Bumper Headlamp Trim
	5.5 + 2 to -0
	-
	-

	D-D
	d
	Wing Front to Bumper
	2.5 ± 1.0
	-
	-

	E-E
	e
	Bonnet to Wing Front
	3 + 1.0 to – 0.5
	-
	-

	Side Section
	
	
	
	
	

	F-F
	f
	Wing Front  to Door Front
	5.5 ±0.5
	Wing Front to Door Front
	0 + 0 to -1

	G-G
	g
	Door Front to Door Rear
	5.5 ± 0.5
	Door Front to Rear Door
	0 + 0 to -1

	H-H
	h
	Door Rear to Wing Rear
	4.5 + 0.5
	Door Rear to Wing Rear
	0 + 1 to -0

	J-J
	j
	Bumper Rear to Wing Rear
	3.0 + 0.5 to -1.0
	Bumper Rear to Wing Rear
	1.0 + 0.5 to -1.0
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Rear End
          Figure 13: Fits and Clearances, Rear End 

	Rear Section
	Gap
	Gap Description
	Dim.  (mm)
	Profile Description
	Dim.   (mm)

	K -K
	k
	Tailgate to Wing Rear
	4 + 1 to -0.5
	Tailgate to Wing Rear
	0 + 0 to – 1.0

	L-L
	i
	Tailgate to Roof
	18.5 + 1 to -0.5
	Tailgate to Roof
	-6.6 +1. TO 0.5 

	M-M
	m
	Tailgate to Bumper Rear
	7.0 + 1.0 to -0.5
	Tailgate to Rear Lamp
	0.6 ± 1.0

	N-N
	n
	Tailgate to Bumper Rear
	7.0 + 1.0 to -0.5
	Tailgate to Bumper Rear
	0 ± 1.0

	O-O
	W
	Fuel Flap
	3 + 0.5
	Fuel Flap to Wing Rear at Front Edge

Fuel Flap to Wing Rear at Rea Edge
	0 -0.5

0 +0.5 
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Figure 14: Mini Flame 1989
To avoid wind noise the wing must be fitted 0.5mm outside the door AA. The door must be 0.5mm outside the ¼ panel BB and so on. The bonnet and wings are left flush CC the same applies to the boot lid.
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Figure 15 
                         1 = Wing      2 = Door    3 = ¼ Panel
2.0 Door Locks and Window Mechanisms 
Stripping and re-fitting door locks and window mechanisms is a skill full art. Care should be taken not to damage any clips or components because most of the time specialised clips have to be ordered and may incur long delays which will keep the vehicle off the road. 
Removal Procedure Steps:
· Trim removal interior

· Membrane removal

· Mirror removal

· Trim removal external

· Glass removal

· Door lock removal

· Window mechanism removal
When replacing components in a door the reverse of the removal procedure is the correct way.

NB. 

· Always box all screws/clips in order not to loose any when stripping down.
· Always properly replace the waterseal membrane.

2.1 Step 1: Interior – Door Trim Removal
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Figure 16: Door Trim Removal
· Remove 1 screw and unclip 4 off clips, slide and lift off door escutcheon
· Unclip 3 off clips to remove tweeter grille and prise off blank with a plastic trim tool (conceals 1 screw)
· Unclip 6 off clips from arm rest (conceals 1 screw)
· Unclip 2 off clips from door pull handle (conceals 1 screw)
· Disconnect connector
· Remove 3 off screws as stated in 2,3 and 4
· Unclip 7 off clips from the door trim board
· Lever the door trim board upward from the door and remove

2.2 Step 2: Door Trim Removed to Reveal Seal [image: image34.jpg]


Membrane

Figure 17: Door Trim Removed

[image: image6]
NB: Always replace weather seal membrane

2.3 Step 3: Removal of Mirror 

[image: image35.jpg]o
2
g
5
E
§
E
K
b3
s
a

| water seal




To remove the mirror first remove inner trim to reveal mirror bolts/screws, if the mirror is electric unclip wires then remove screws/bolts.                                     

Figure 18: Removal of Mirror and Glass Seal Trim 
2.4 Step 4: Outside Trim Removal
The outer glass trim may now be removed with great care. See Module 3. Unit 3 Doors (upper portion)
2.5 Step 5: Door Glass Removal
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  Figure 19: Door Glass Removal
2.6 Step 6: Door lock Removal
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Figure 20: Door Lock Removal
To remove lock remove bolts and disengage cables and wire rods.
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Door Lock

2.7 Step 7: Window Mechanism Removal
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Remove window mechanism by unfastening bolts
Figure 21: Window Mechanism Removal
2.8 Removing and Storing of Glass
· Always store glass with the edge protected because if it gets chipped eventually it may crack and run.

· AA – BB = foam protection
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Figure 22: Glass
For safety see:  Module 4. Mechanical unit 2 Glazing
2.9 Appropriate Tools for Removing a Door

Insert photo
2.10 Removal of Door Hinge Pins

Insert photo
2.11 Dust Extraction Systems

Mobile Dust Extraction
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Dry sanding of painted surfaces and surfaces to be painted, has increased in popularity as a result of the development of sanding tools which incorporate dust extraction methods. These dust extractors can be in the form of either a vacuum bag attached to the sanding tool. Or a large vacuum dust collecting unit remote from the tool and to which two or more sanders can be connected. An added bonus with the remote machines is that they can also be used as a vacuum cleaner for the workshop. The sanding tools have a pad with eight or more holes in them to which are attached sanding discs with similar holes. In operation, the dust created by sanding is drawn trough the holes and deposited in the collecting unit or bag. 

Dust and dirt are generated wherever vehicles are painted, i.e. during the sanding and paint preparation process. This dust spoils the finished result and is harmful to your health. Therefore it is vitally important to remove the dust and dirt as early as possible. It is best to do this where the dust is generated, directly at the worksite.

                                                 Figure 23: Random Orbital Sander
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 Dust Vacuum Unit
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2.12 Dust Extraction Systems – Fixed Units
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2.13 Enclosed Dust Extraction with Hand Tool Extraction Work bay
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Summary
When re-aligning non structural panels a great deal of skill and patience is required because of the gauge of the panels. It’s important not to over work the panels as this will result in distortion and the abandonment of the repair resulting in a replacement which is very expensive. If you have to remove a panel the replacement (re-alignment) of it is vary important. The fits and clearances are critical because they affect the overall appearance of the job so care should be taken to follow the manufacturers’ specifications or other specifications supplied in manuals by independent data suppliers (e.g. Thatchem).  
Self Assessment

Questions – Module 3. Unit 3

1.    What is a non-structural panel?           
	


2.    What method is used in general to fit a non-structural panel?
	


3.   What other method is used to fit a non-structural panel?
	


4.   When jacking a vehicle, what safety precaution needs to be put in place before you start to work?

	


5.   When lifting a vehicle with a 2 post hoist what must be used to protect the vehicle from damage? 
	


6.    What is a metal finish?
	


7.   Name three non-structural panels?

	


8.   What causes wind noise along the side of a vehicle?

	


9.   After removing a door trim what procedure is used to re-fit it?
	


10.   What does a door mechanism do?
	


11.   What is a window mechanism?
	


12.  How should you protect glass from damage when removed from a vehicle?

	


13.   What is a door pin used for?
	


14.   What does a dust vacuum unit do?

	


15.   What is a prep bay?
	


Answers to Questions 1-15. Module 3. Unit 3 
1.
	A non-structural panel does not form an integral part of the body shell (e.g. bolt on panel).



2.

	Bolting




3.   
	Riveting, bonding


4.
	Axle stands need to be put in place.


5.

	Hard rubber pads


6.

	A method of repairing dents without plastic filler.


7.
	Wing door bonnet


8.

	If doors are not aligned properly.


9.

	Last off, first on.


10.

	It prevents moisture soaking into the door trim.


11.

	It’s the mechanism that holds and moves the window up and down.


12.
	Store in a safe place with edges protected by foam trim.


13.

	To fix a door onto a vehicle.


14.

	Collects dust from dry sanding.


15.

	A special room that controls your working environment.


Suggested Exercises
Prepare vehicle for repair of a light body panel, strip and remove all wiring and adjacent trimmings.

Repair panel using roughing-out methods.

Clean off paint and debris using a sander.

File surface of panel with body file till all high spots are removed.

Fill surface area with a light coat of body filler.

Finish filler with a light grade-sanding block till surface is free from distortion.
Exercise 

Instructions:

1) Prepare vehicle for the repair of a light body panel, strip and remove all wiring and adjacent trimmings.

2) Repair panel using roughing out methods.

3) Clean off paint and debris using a sander.

4) File surface of panel with body file till all high spots are removed.

5) Fill surface area with a light coat of body filler.

6) Finish filler with a light grade-sanding block till surface is free from distortion.

Training Resources
· Classroom and workshop 

· Sander

· Hammers

· Dolly’s

· Screw driver’s

· Ratchet set

· Spanners

· Body files

· Sanding blocks
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