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1.0 Introduction

Drawn arc welding (DAW) is a well established process for attaching fasteners (studs and nuts) to a
variety of material type, thickness and coating combinations in automotive construction. The application
of drawn arc welding is consistent with new automotive designs and manufacturing strategies that
continually focus on ways to reduce costs. This is provided by a combination of short cycle time for
fastener attachment (high productivity) and adaptability to automation. Technological improvements in
drawn arc welding equipment have resulted in increased application of the process. However, there are
concerns whether stud/nut welding can be performed on a consistent basis to the new advanced high
strength materials like dual phase steel and press hardened (hot stamped boron) steels. This study was
conducted to determine the feasibility of welding fasteners to galvannealed coated cold rolled mild and
dual phase (DP 980) steel and aluminum silicon coated hot stamped boron steel, compare performances
with the above mentioned steels, and develop weld matrices for specific stud/nut to sheet material
combinations.

The principal objective was to determine the feasibility of welding various fasteners to different base
materials and also develop weld lobe for the particular fastener/material combination.

2.0 Drawn Arc Welding Process

Let us examine the basic drawn arc welding sequence: As illustrated in Figure 1, the fastener, in this case
illustrated as a weld stud, is held in the tool by a spring fingered device often referred to as a collet, or
chuck.

The welding tool is then positioned against the work piece, completing what is commonly known as a
stud on work signal. After receiving this signal the control begins a number of very precise timing
functions. A pilot arc current is allowed to flow through the work piece and stud while the stud is still on
the work piece. Once this current flow is established, usually in a matter of microseconds, the control
turns on another power supply which energizes a linear motor, or servo motor, inside of the welding tool
(commonly referred as weld head). This linear motor is mechanically linked to the fastener to be welded.
As the linear motor is energized it begins pulling the stud away from the work piece. As the stud is
drawn away from the work piece, the pilot arc current serves to ionize the air gap created in this
sequence. The maximum distance that the fastener is drawn away from the work piece is pre-
programmed, dependant on a number of variables such as; fastener design (geometry, diameter),
material composition, coating, and base material thickness. Any potential contamination of the work
surface must also be considered when establishing this optimum lift dimension. Once the fastener is
moved to its furthest point away from the work surface, a much more robust current, often hundreds of
amperes, begins to flow across the ionized gap. This high current, commonly referred to as the weld
current, creates the arc which begins melting the fastener head surface and the surface of the work piece
(sheet metal). After a predetermined period of arc time (weld time), dependant on some of the variables
discussed earlier, the fastener is then brought back into contact with the molten surface of the work piece.
The arc process is complete and the fastener is held in the proper place as the molten metal solidifies.
While this drawn arc stud welding process took a minute or two, the average weld cycle time from start
of welding to completion of welding averages around 100 milliseconds. During this extremely short weld
cycle, the state of the art welder control is monitoring the critical elements of the cycle every 70 micro
seconds and instantaneously adjusting the parameters to match a preprogrammed reference value. Using
a closed loop feedback system, this parameter monitoring and adjustment virtually assures optimum
fusion of the fastener to the work piece.



3.0 Equipment Specifications

Typical drawn arc welding system components are shown in Figure 2. The specification of the equipment

that was used to perform welding is mentioned below.

DCE (Digitally Controlled Energy) 1500 Welder Control

Dimensions:
Mounting:

User Interface:
Construction:
Thermal Rating:
Weight:

Input Voltage:

Welding Current:

Welding Process:
Welding Time:
Power Supply:

Control Interface:

Network:
Optional Int.:
Weld Schedules:

965mm H x 560mm W x 565mm D
Freestanding with locking wheels
Graphical, Menu driven

Modular, Fiber Optic Communications
130 A RMS

100kg (220 Ibs)

480vac 3phase (575vac optional)

100 to 1500 amperes (10A increments)
Short Duration Drawn Arc

6 to 100ms (1ms increments)

High frequency switching (SMPS)

32 Input 24vdc/ 32 Output Discrete
DCE Link via Ethernet (optional)
DeviceNet, Control Net, Profibus,
127 per outlet maximum

Interbus-S Weld Outlets: 5 (standard)

Enclosure:
Process Control:

NEMA 1(IP 23)

Closed loop utilizing arc voltage, weld current and linear displacement feedback.
Built-in self compensation features including actual weld energy monitoring.

ETF Series Vibratory Stud Feeders (Dual stage hopper)

Dimensions:
Weight:
Controls:
Air Source:
Interface:
Mounting:
Feed Rate:

1384mm H x 648mm W x 693mm D
166kg (365 Ibs)

Microprocessor / Pneumatic

5.5 bar (80 psi) minimum (non-lubricated)
Fiber optic via weld control

Freestanding with leveling feet

45 studs per minute nominal

Stud Capacity: 34L (1.2 cubic ft.)

LM (Linear Motor) Weld Head

Dimensions:
Weight:

350mm L x 127mm H x 90mm W (nom.)
5.5kg (12 Ibs)
Head Stroke:  50mm

Compensation: 12mm maximum
Construction: ~ Stainless Steel / Aluminum Body

Mounting:
Operation:
Interface:

Quick mount 2 section wedge
Linear Motor / Optical Encoder Feedback
Self contained multi-cable including weld power, Pneumatics and control signals.

(feed tube separate)



4.0 Experimental Procedure

Five different types of fasteners as shown in Figure 3 and three different material types were considered
for this weld testing study. The fasteners that were chosen are M6 standard (Zinc trivalent chrome
coated), M6 Large Flange(LF) (Copper coated - 9 mm weld head, and Zinc coated paint cutter - 7 mm
weld head), M6 stud/nut (Zinc Nickel coated), M6 nut (Zinc trivalent chrome coated). The base materials
were Galvannealed coated Cold Rolled mild steel (1.1 mm thick) and Dual Phase steel (DP 980 -1.0 mm
thick), and Aluminum Silicon coated Hot Stamped Boron steel (USIBOR- 1.25 mm thick). Visual
Inspection (non-destructive testing) and mechanical destructive testing - bend test and tensile testing
were used to evaluate the stud welded joints, and Peel test and Push-out tests were used for nut welding.
No shielding gas was used for either stud or nut welding. However, air blow through the nut was used at
30 liters per minute (Ipm) to prevent weld spatter on the threads. The size of the hole on the base material
for the M6 nut was 8.5 mm diameter. The procedure for developing the weld lobe is shown in Figure 4.

4.1 Visual Inspection
Visual inspection was used to check for the following:

Cracked weld: A weld is considered defective if the weld stud or adjacent steel part is cracked in the
weld area or adjacent to the weld area.

Holes: Welded parts shall be free of holes or burn-through. Parts that contain holes that extend through
any of the welds or sheets are considered non-conforming.

Flash in the external threads: Drawn arc welded fasteners with threads shall be free of flash or spatter on
the threaded sections. Fasteners that exhibit flash or spatter on the threaded section are unacceptable.

For nut welding three additional criteria’s were evaluated:

Thread Distortion: The weld nut attachment is considered defective if the top of the weld nut is indented
to the extent of causing distortion of the thread or of changing retaining torque characteristics weld nuts,
screws or bolts.

Flash in Internal Threads: The weld nut attachment is defective if the weld flash in the threads causes
excessive variations in the assembly driving torque values. In addition, the weld nut attachment is
considered defective if the weld flash interferes with the application of bolt into the nut.

Alignment: The weld nut attachment is defective if the thread major diameter is in interference with the
clearance hole in the adjacent part it is welded.

4.2 Bend Test for Stud Welding (Simulated Manual Fatigue Test)

Secure the welded sample in the appropriate fixture. See Figure 5. Place appropriate size tube over stud.
Tube should be 18-24 inches in length and the inside diameter should be 5% greater than the major thread
diameter of the stud. Apply simulated bending fatigue motion to the stud through a 120° arc until the
stud separates completely from the base material, or the stud itself breaks. When the stud is removed
from its base material by an oscillating side-to-side motion, a button will be formed on the head of the
stud. The button is that part of the weld, including all or part of the weld nugget that tears out in a bend
test. See Figure 6. The average button diameter is calculated by adding the measurement of the major axis
to the measurement of the axis perpendicular to the first axis and dividing by 2. The weld matrix was
summarized using acceptance criteria of >70% of the fused area as shown in Table 1.




Table 1. Summary of Acceptance Criteria

Weld Nugget Size

Acceptable [ 3 |80 % -71 %

4.3 Tensile (Pull) Test for Stud Welding

Secure the welded sample in the appropriate fixture that has a clearance hole exactly 3.0 mm larger in
diameter than the stud head diameter. See Figure 7. Close jaws over stud. Apply ultimate tensile pull
load normal to the plain of attachment at a rate of 2.0 inches/min. until the stud separates completely
from the base material.

4.4 Peel Test for Nut Welding

The nut is either pulled or peeled from the base metal. To pass this test, the following criteria must be
met: Interface fracture with weld fusion equal to or greater than 70% of the circumference face area of the
welded nut (For drawn arc nut welding it is a hollow cylindrical cross-section). See Figure 8.

Weld fusion will be indicated by evidence of severe strain, distortion or partial tearing of the base metal.
The fracture may be tensile-granular crystalline appearance or shear-clear wiped metallic somewhat
grainy appearance.

4.5 Push-Out Test (Tensile Test)

Secure the welded sample in the appropriate fixture. See Figure 9. The hole in the back-up block should
be approximately 10% larger than the outside diameter of the nut being tested. Seat properly push-out
pin into the hole in the weld nut. Apply ultimate tensile push-out load normal to the plain of attachment
at a rate of 2.0 in/min. Apply load until the nut separates completely from the base material. The weld
matrix was summarized using acceptance criteria of >70% of the fused area as shown in Table 1.

5.0 Results and Discussion

5.1 Weld Lobe Development using Bend Test

All the fasteners were welded to the given base material with stud negative polarity. The weld current vs.
weld time matrix for all the studs and the nut are shown in Tables 2 thru 16. The results of these tests
clearly illustrate two very important characteristics of the drawn arc stud/nut welding to different sheet
materials.

First, it is evident that the drawn arc welding process exhibits a fairly wide flexibility in welding current
and weld time combinations that result in the production of satisfactory welds. These test results
illustrate the fact that drawn arc welding quality is determined primarily by the proper coordination of
welding current and weld time.

The second important characteristic is that the cutoff relationship between welding energy input and the
weld integrity is difficult to precisely define. This is because there is a broad range of welding current and
welding time at which quality welds were obtained, and within this broad range there are settings at
which weld quality is consistent.



Two important observations were noticed on Hot Stamped Boron material. First, M6 nut welding on
HSB, the fracture acceptance criteria was 1 under bend test, which is unacceptable. This is because shear
strength of the Hot Stamped Boron steel is much higher than the strength of the weld. This leads to
fracture pulling the top surface of the base material. See Figure 10. Second, the M6 LF stud with higher
standoff (Figure 3-C) welded with consistency to the HSB. The molten metal produced during the
welding is displaced during the plunge part of the welding process. Comparatively, during welding of
M6 LF stud with Imm stand off (Figure 3-B), the molten metal is trapped under the flange portion of the
stud preventing the stud from achieving full penetration depth. This results in porosities leading to
inconsistent welds. See Figure 11.

For a given fastener/base material combination, the recommended weld schedule (Table 17) is the blue
highlighted point of the nine box window (150 Amps x 15 ms) (Tables 2 - 16) that was developed during
the weld lobe development. See Figure 4.

Table 17 Summary of recommended weld schedule for a given fastener/base material

S.No. Base metal type and Fastener type Lift height Recommended
thickness (mm) (mm) weld schedule
1 CRS-1.1 M6 Nut 0.8 1350 A, 55 ms
2 DP Steel - 1.0 M6 Nut 0.8 1350 A, 55 ms
3 HSB Steel - 1.25 M6 Nut 0.8 1350 A, 55 ms
4 CRS-11 M6 Stud/Nut 1.2 1200 A, 40 ms
5 DP Steel - 1.0 M6 Stud/Nut 1.2 1200 A, 40 ms
6 HSB Steel - 1.25 M6 Stud/Nut 1.2 1200 A, 40 ms
7 CRS-1.1 M6 Cu LF 1.2 1350 A, 45 ms
8 DP Steel - 1.0 M6 Cu LF 1.2 1350 A, 45 ms
9 HSB Steel - 1.25 M6 Cu LF 1.2 1450 A, 40 ms
10 CRS-11 M6 Std 1.2 900 A, 30 ms
11 DP Steel - 1.0 M6 Std 1.2 900 A, 30 ms
12 HSB Steel - 1.25 M6 Std 1.2 900 A, 30 ms
13 CRS-1.1 M6 Zn LF 1.2 1050 A, 40 ms
14 DP Steel - 1.0 M6 Zn LF 1.2 1050 A, 40 ms
15 HSB Steel - 1.25 M6 Zn LF 1.2 1050 A, 40 ms




5.2 Mechanical Properties of the Welds

The mechanical properties of the fasteners were evaluated in terms of tension test (or pull test) is
summarized in Table 18. The sample size for the tensile test was around 50. The recommended weld
schedule for a given fastener/base material combination are shown in appropriate tables.

Table 18 Summary of the Mechanical Properties for Different Fastener/Base Material

S.No. Base metal Base metal Fastener Average Pull Fracture
type thickness (mm) Type Strength (Ibs) Mode
1 CRS 1.1 M6 Nut 2655 Base metal
2 DP Steel 1.0 M6 Nut 3014 Base metal
3 HSB Steel 1.25 M6 Nut 2120 Weld
4 CRS 1.1 M6 Stud/Nut 1494 Base metal
5 DP Steel 1.0 M6 Stud/Nut 1809 Base metal
6 HSB Steel 1.25 M6 Stud/Nut 2007 Base metal
7 CRS 1.1 M6 Cu LF 1839 Base metal
8 DP Steel 1.0 M6 Cu LF 1951 Base metal
9 HSB Steel 1.25 M6 Cu LF 2373 Base metal
10 CRS 1.1 M6 Std 1449 Base metal
11 DP Steel 1.0 M6 Std 2022 Base metal
12 HSB Steel 1.25 M6 Std 2158 Base metal
13 CRS 1.1 M6 Zn LF 1478 Base metal
14 DP Steel 1.0 M6 Zn LF 1961 Base metal
15 HSB Steel 1.25 M6 Zn LF 1916 Base metal

6.0 Conclusions/Summary
Based on the results obtained from this study, the following conclusions can be drawn:

¢ The fasteners chosen for this study can be welded to the galvannealed coated cold rolled mild
and dual phase (DP 980) steels and aluminum silicon coated hot stamped boron steel.

e Large Flange stud with higher standoff is the recommended stud for welding to hot stamped
boron material.

¢ The fracture mode for the M6 nut welding on hot stamped boron was a partial sheet metal
fracture surface.
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Figure 1. Drawn Arc Stud Welding Sequence

PILOT
ARC

STUD

«— COLLET

LINEAR
MOTOR

MAIN PLUNGE

ARC

The stud is fed
into a collet in a
weld head or weld
gun and the unit
is cycled forward
until the stud
touches the base
material
generating a
STUD ON WORK
signal.

The stud lifts a
programmable
distance from the
work surface and a
pilot arc is
generated. The pilot
arc ionizes the air
gap between the
bottom of the stud
and the work
surface.

At some pre-
determined time
the main welding
current is turned
on. The welding
current generates
molten material at
the bottom of the
stud and at the
surface of the
base material.

The weld head then
cycles forward
plunging the stud
into the molten
puddle of material.
The molten puddle
solidifies and the
weld head cycles
back leaving the
welded stud in
place.

45 - 100ms

(Depends Upon Stud Configuration & Sheet Metal Thickness)



Figure 2. Stud welding system components
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Figure 3. Types of fasteners used
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Figure 4. Weld Lobe Development Procedure
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Figure 5. Bend Test (Simulated manual fatigue test)




Figure 6. Weld nugget from drawn arc stud welding during Bend test

"]

CROSS :

e SECTIONOF A |
ARC WELD DRAWN ARG [_eem
STUD WELD STUD  [[_ooweemr
--"'....

WELDABLE AREA | ' » l

WELD NUGGET
DIAMETER




Figure 7. Tensile (Pull) test




Figure 8. Measurement of Fused Area in a Drawn Arc Weld Nut
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Figure 9. Push-out (tensile test) destructive test for nut welding
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Figure 10. M6 nut welding failure mode with HSB Steel




Figure 11. M6 Large Flange Stud Welded to HSB Steel
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Table 2

Teknolosies FASTEMER DESCRIPTION: ME KUT
ﬂ FASTEMER PLATING: ZIng trivalent chroms
EMHART FASTENER PARTS:
BASE MATERIAL TYPE Mild Sieel
BASE MATERIAL PLATING: Galvannaal
BASE MATERIAL THICKNESS: 1.1 mm
1500
14350 EQUIPMENT
4 1400 DCE 1500 WELD CONTROL
E| 1350 ETF12 FEEDER
< 1am LM WELD HEAD
= 1250
E 1200 WELD PROGRAMMING
1150 PARAMETERS
E 1100 LIFT 0.60mm
= 1050 PENETRATION -1.8 mm
g 1000 START DELAY  250ms
o 950 \an: PILCT LIMIT 15.00 to 33,04
=| 800 \an: WELD LIMIT 15.00 ta 33,00
830 WELD TIME +- BME
800 WELD CURRENT +- 30Amps
730 STUD KEGATIVE POLARITY
700 AR BLOW 30 Ipm
650
E0Q
330
500
20 23 30 33 40 45 30 a3 B0
WELD TIME (t} in milliseconds
Acceprance Criteria
|RECOMMENDED WELD SCHEDULE: 1350A 5bms
2 [DATA[ "] & [ODATH - [ & JOATA| -] & [DATA]* | & [DATA| - [Staustical Evaluaiion
TENSILE TEST &1 1 [Zee3| B 11 [Zvse[B| 21 [26sa| B 31 |27s7| B 41 [2705[ B | Averags (%) 26552
RECOMMENDED 2 EM| B 12 2572| B 22 2837 | B 32 2moa|(B | 42 |2730| B | std Dev. is) 183.5
|WELD SCHEDULE 3 |o7ve[B| 13 [27se[B| 23 [2eo|m| 33 [24%2(B| 43 [3ses[m 38 21046
4 3543| B 14 2BE3| B 24 23| B M Z/26|B| 44 |2M5| B Minimum 250
5 |sae[s| 15 [zvea[B| 25 [25or|e| 35 [e7s0[8| 45 [2S0[B| Maxmum 3015
& |se05(s| 16 [254s[B| 26 [2em|m| 35 [esto[m| 4 [2m72(B Ranps| 765
i 4B 17 T4 B 27 43| B ar 2753 B | 47 |3518| B * Fracturs Mods
@ |25a4[B| 18 [2ee2[B| 28 [2338|m | 38 [2o75[m | 48 [2e1z(B Hu 0 pcs.
El 253E| B 13 2643 B 23 2326 | B 3% JM0E(B| 49 |2EE2| B Siaga a0 pcs.
10 |2707| 6| =20 |Z705|B| 30 |a015|B| 40 |2438| 6| 50 |2es0| B Wisld 0 pee.
PULL TEST
=m
3000 4

LE PULL FORCE
nLes)

2500
00
1500
1000
=00 4
o i
1 3 5 7 9 11 12 15 1

719 23 B 7 PH

SAMPLE #

33 35 37 29 41 43 45 47 43
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R Table 3
-Il l”|: n"ﬂ riey FASTENER DESCRIETION: Ms KUT
ﬂ FASTEMER PLATING: ZInc frivalent chroms
EMHART FASTENER PARTE:
BASE MATERIAL TYPE DP3&0
BASE MATERIAL PLATING: Galvanneal
BASE MATERIAL THICKNESS: 1.0mm
1300
14350 EGQUIPMENT
g 1400 DCE 1500 WELD CONTROL
E| 1350 ETF12 FEEDER
<1 1300 LM WELD HEAD
=[ 1250
E 1200 'WELD PROGRAMMING
1150 PARAMETERS
E 1100 LIFT 0.50mm
= 1050 PENSTRATION -1 mm
g 1000 START DELAY  250ms
o950 ar PILCT LIMIT 15.04 to 33,0
=( 500 arc WELD LIMIT 15.0V to 33,07
B350 WELD TIME +i- BB
800 WELD CURRENT +- 30Amps
750 STUD KEGATIVE POLARITY
700 AR BLOW 30ipm
B30
B0
330
300
20 23 30 335 40 43 30 33 B0
WELD TIME (%] in milliseconds

Acceprance Criteria

Stud Snoke Prefested o]
100%-31% Frefemad 3
a%-81% Prefesreg 2
S0%-T1% Accepiabie 3

[RECOMMENDED WELD SCHEDULE: ___ 1350A 55ms
# DATA] * ] DATA * 5 DATE| * & DATA| * & [DaTa] = [5taflefical Evaluaiion
TEMSILE TEST at 1 JEET| B 11 3212| B H HME| B A 25| B | 41 [3554[ B | Average (X) 4.4
RECOMMENDED 2 TS| B 12 2830 B a2 273 | B 32 3455| B 42 [3M5]| B | &td. Dev. ig) 27T
|WELD SCHEDULE 3 /1| B 13 JIEE| B 23 275 | B 3 30| B | 43 |28EE| B M-3a: 2193.2
4 HNae| B 14 3038 B 24 2TES | B k] 3356 | B | 44 |3065| B Minlmum 2531
5 HNAT| B 15 TR B 25 2518 | B 35 32|88 | 45 |33 | B Maximum 3554
& JEdB| B 1E 3432 B 25 2858 | B 35 3400 | B 4 |E(B Rﬂnml 1033
T 13| B 17 2545| B Fi 2373 | B 37 323 | B | 47 |2907| B * Fracturs Mods
& SM|B] 18 5| B 28 el S 2381 | B | 48 |55 B Huf 0 pcs.
5 |53 5| 15 [5ees|B| 25 [230|B| 35 (33| 8| 45 || E Bass| 50 pes,
10 30| B 20 IT4| B k] 33| B 4 x| B I EEE R Wald 0 pcs.
PULL TEST
W o0
E =m
E o -
4 - 2m
58 zm
..jJ 150
10m
£F wm
B a I
1 3 5 7 9 M 13 15 97 19 2 22 25 7 238 31 [ 35 I 3B 41 43 45 47 49
LAMFLE 2
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lu.'hm-hﬁ'il.'\i

WELD CURRENT {1} in Amps

Table 4

FASTENER DESCRIPTION:
FASTENER PLATING:
EMHART FASTEMER PARTE:

ME NUT
Zine trivalant chroms

BASE MATERIAL TYPE: USIBOR HEB
BASE MATERIAL PLATING &gl
E&SE MATERIAL THICKNESS: 1.25 mm
1500
1450 EGUIFMENT
1400 B = £l 3 a 5 DCE 1500 WELD CONMTROL
1350 B = £l 3 5 5 ETF 12 FEEDER
1300 o 5 5 5 5 5 LM WELD HEAD
1250 = =l 3 3 5 3
1200 o 5 5 5 5 5 WELD PROGRAMMING
11350 s 5 5 5 5 5 PARAMETERS
1100 = 4 5 5 5 5 LIFT 0.50mm
1050 PEMETRATION -1.Emm
1000 START DELAY  230ms
850 wanc PILOT LIMIT 150 bo 33.00
500 Wanc WELD LIBMIT 150 bo 33.00
B30 'WELD TIME +- Bms
g00 'WELD CURRENT +- 30Amp&
T3l STUD NEGATIVE PCLARITY
700 AR BLOW 20pm
630
E0D
330
500
20 23 30 33 40 43 50 33 (1]
WELD TIME (t) in milliseconds
Acceprance Criteria
Stud Sroke Frefzmed [
100%-91% Presemed El
S0%-61% Prefemed 4
B0%-T1% 3
|RECOMHENDED WELD SCHEDULE: 1350A, 55ms
# DATA[ * & DATA] * # DATA| * & DATA] * % [DATA] * [sisfisfical Evaluation _|
TEMSILE TEST at 1 1850 | B 11 fEREI [ 235 B H 1853 (B | 41 |1733| B | Awarage [X) 21205
RECOMMENDIED 2 1385 | B 12 2185( B 22 270 B a2 2067 (B | 42 3543 B | Shd. Dav. 5] 30|
WELD SCHEDULE 3 1706 |B | 13 |2i60| 6| @3 |2024|B| a3 |1675| B | 43 |22 B W38 EE
4 L4 E 14 220 B 24 2433| B M 1528/ B | 44 |178E| B Minimum 1385
] T3 | B 15 12| B 25 187 | B 5 238 |B| 45 |I3B4| B Maximum 3055
] mMr|E 18 2|8 26 17| B n AT23|B| 45 MBI B Ranga 1660
7 |zse|B| 17 |27a6|B| 27 [amei|B| 37 |2sea|B| 47 [1e1[E + Fraglurs Mods
8 igsg |B| 18 |oves|s| 28 |eses|B| 38 |s1s0|B| 48 |3055| B 0 pes.
o) AT | E 19 182 | B 23 25T3| B i) 1551 B | 45 1550 Dase 45 pca.
10 TQP|E 20 273| B 3 1825)| B 40 1SN B| S0 3427 Jyeid 0pcs.
PULL TEST
3500
? 3000
:-3 2500
3 & 2000
& < 1500
e
= =]
R
1 3 5 T 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
SAMPLE #
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Teknologies FASTEMER DESCRIPTION: Mg Stushut
ﬂ FASTEMER PLATING: Zinc-Hickel
EMHART FASTENER PARTE: 35050
BASE MATERIAL TYPE Mild Steel
BASE MATERIAL PLATING: Galvanneal
BASE MATERIAL THICKNESS: 1.1 mm
1300
1450 EGUIPMENT
g [ 1400 DCE 1500 WELD CONTROL
E| 1350 ETF12 FEEDER
<1 13m0 LM WELD HEAD
=[ 1250 B 5 5 5
E 1200 5 5 3 5 WELD PROGRAMMING
1150 5 5 5 5 PARAMETERS
E 1100 4 5 5 5 5 LFT 1.20mm
= 1050 3 4 5 Hi | FENETRATION  -1.3 mm
o [1ooo 3 5 5 SIS START DELAY  250MS
o %50 3 a 4 F 5 Vs PILOT LIMIT 15.00 fo 33.0V
= so0 4 4 4 [ 5 Varc WELD LIMIT 15.04 fo 33.0v
B30 3 5 WELDTIME = Ems
800 s WELD CURRENT +/- 30Amps
750 ETUD NEGATIVE POLARITY
T0d
B30
E0D
330
300
20 25 a0 35 40 45 33 60
WELD TIME t) in milliseconds
Acceprance Criteria
Stud ke Freferzag &
100%-27% Freferzd 5
Sl%%eE1% Freferr=d 4
F%-T1% Accentabie 3
|[RECOMMENDED WELD SCHEDULE: 12004 40ms
# [DATAl "] # [OATA[*| # JOATA[* | & |DATA] *| @ [OATA| - |stabstical Evaluation
TEMGILE TEST al 1 _[Wes|B| 11 |[am[s]| 21 B 91 [iaa3| B[ &1 [1571] 6 | Averape (%] AR
RECOMMENDED Z_ |ises|B| 12 |1ses|m| 22 B 32 [i482|B| 42 |1543]6 | 5id Dav (s 1217
[WELD SCHEDULE 3 | B| 13 [1em|E] 23 B| 33 [1ez[6] &5 [1393(B X-de: 11294
4 |1smalB| 14 [1572|E] 24 B 34 [i521(B| 24 [1a57[B | Minimum 1132
5 |1365|B| 15 |1552|B| 25 B| 35 [1548[E| 45 |1445|B @
€ |1se0|B| 16 [1573|E| 26 B| 35 [1e28(B[ 26 [1a34[B Range 03
T_|is|B| 17 |leaa|s| 27 B 37 [is51|B| & [1357 (B + Fracturs Mads
8 |1aee|B| 18 [1630|5| 28 [teva|B| 38 [154R| B | 48 (16055 | fud]  opca
5 [1Ete|B| 19 [1537 |G| 29 B[ 35 [1436|B| & [1583|B Bass|  s0pca
10 [14ea| 6| =0 |1sor|E] a0 B 40 [ies4|B| S0 [tsei[o Weln|  opea
PULL TEET
w2000
4|
[ ]
E 14
1 3 E 7 8 M 3 158 7 19 H 23 X Ir 3 N 3 38 4 43 48 &7 45
BANFLER




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006
Embart

Teknok ».piix

WELD CURRENT (I} in Amps

Table 6
FASTENER DESCRIPTION: ME Stwudibut
FASTEMER PLATING: Zinc-Hickal
EMHART FASTENER PARTE: 33050
BASE MATERIAL TYPE: DP3g0
BASE MATERIAL PLATING: Galvannaal
BASE MATERIAL THICKMESS: 1.0 mm
1300
14350 EGIUIPMENT
1400 DCE 1500 WELD CONTROL
13350 ETF12 FEEDER
1300 LM WELD HEAD
12350 5 5 5 5
1200 5 5 3 5 WELD PROGRAMMING
1150 4 5 5 PARAMETERS
1100 5 5 5 5 LIFT 1.20mm
1050 3 3 4 5 PERETRATICN  -1.3 mm
1000 5 5 5 5 START DELAY  250mE
330 = B 4 = arc PILOT LIMIT 15.00V to 33,0V
500 3 3 5 Warc WELD LIMIT 15.0V to 32,0V
B30 4 5 WELD TIME +- BME
§00 WELD CURRENT +/- 20Amps
730 STUD KEGATIVE POLARITY
700
630
60D
530
500
20 23 30 33 40 43 a0 33 [11]
WELD TIME it} in milliseconds
Acceprance Criteria
Stud Sroks Preferred ]
100%-31% Prefemad -]
a0%-61% Preferred 4
B0%-T1% AL ahie 3
|RECDHHEHDED WELD SCHEDULE: 12004 40ms
# DATA * & DATA| * [ DATA| * # DATA| = # |DATA| * |Statieflcal Evaluation
TEMSILE TEST at 1 1873| B ] 1885| B il HET| B 3 2025/ B 41 (1838 | B | Averaps (X} 1609.3
RECOMMENIED 2 1872| B 12 15341 8 22 48| B 32 1450| B| 42 |137&| B | 5id. Dev. (s} 1834
|WELD SCHEDULE 3 1573 | B 13 1805 B 23 1524| B 33 1edd|B| 435 |1887| B X-3s: 1241.1
4 32| B 14 1834 8 24 1560| B 34 1963 | B 44 [1732| B Minimum 1336
5 1758| B 15 1814 B 25 1538 8 35 1586 | B | 45 |2072| B Maximum 2050
[ 1522| B 1€ 1961 B 26 183T| B 36 183 |B| 46 |1550]| B Rangs 734
T 1743| B 17 2028 8 a7 1842| 8 a7 1356| B | 47 |18 B * Fraoture Mods
[ 40| B 18 |1eE3|B| 28 [1483)5| 38 |1535|B) 45 |180E| B Stud 0pcs.
5 [001[B| 19 [2050|B| 23 |1e40|5| 33 |1852|B| 43 [1633[B Bags|  s0pos
10 17E3| B 20 2024| B ) 1823| B 40 TEd3| B[ 50 [140]| B Wweld] 0 pcs.
FULL TEZT
=
§ 2000
3 & 1500
& 2 1o
- FR
B :|-
13 5 17 18 H 13 B T 3 33 035 I O3 4 43 &5 &7 &
BAMPLE #




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emh

Teknok iﬁﬁ.

WELD CURRENT (I}in Amps

art Table 7
FASTENER DESCRIFTION: M& StudiNut
FASTEMER PLATING: Zing -Hicksl
EMHART FASTENER PARTE: I5050
EASE MATERIAL TYPE UESIEDR HSE
BASE MATERIAL PLATING: AlSl
BASE MATERIAL THICKHESS: 1.25 mm
1300
1450 EQUIFMENT
1400 DCE 1500 WELD COMTROL
1350 ETF12 FEEDER
1300 Lk WELD HEAD
1250 5 5 5 5
1200 4 5 3 5 'WELD PROGRAMMING
11350 5 5 5 5 PARAMETERS
1100 = 5 = 5 5 LIFT 1.20mm
1050 El 4 = 4 5 PENETRATICN  -1.3 mm
1000 El 5 = 4 3 START DELAY  250ms
850 4 = 4 5 Warz PILCT LIMIT 15.0V to 3300
500 4 = 5 5 Warz WELD LIMIT 15.0 to 330V
B30 = 5 WELD TIME +- GME
g00 4 3 WELD CURRENT +- 30Amps
T3l 5 5 STUD KEGATIVE POLARITY
700 3
B30
E0D
330
500
20 23 30 33 40 45 50 33 (1]
WELD TIME (%] in milliseconds
Acceprance Criteria
Stud Sroke Prefemed 8
100%-91% Prefemed ]
S0%-61% Prefemred 4
G0%-T1% Arceptabie 3
|RECDMHEHDED WELD SCHEDULE: 12004 40ms
# DATA * 2 DaTH * & DATA| * & DATE] * &# [DATA] = [Siaflefical Evaluaflon
TEMSILE TEST at 1 255| B ] 2{8s| B H 23| B ] 1813| 8| 41 [1808[ B | Averags (X 2007 56
RECOMMENDED 2 1870 B 12 2085| B 22 274| B 32 19168 | 43 |1878| B | Std. Dev. (8) 161.3
|WELD SCHEDULE 3 1543 B 13 15811 B 23 2027 | B B} 1812 B | 43 |1805| B X-3s: 14636
4 H25| B 14 2383 B 4 22| B M 16518 | 44 |18 B Minimum| 1564
3 Hi2| B 15 2135| B 25 221|8 k) 17e4|B | 45 |15T0| B Maximum| 2385
] 23| B 1€ 2173| B i) 2058 | B 35 1815/ 8| 4 |2008| B R.Bnﬂg| ame
T 43| B 17 1385| B T 20§ | B w 20628 | 47 |2023| B * Fracturs Mods
& H2)| 5] 18 2233 B 28 |2WT|B| 38 1564/ B | 48 |1885| B Stud 0pes.
El 1673| B 13 Z211| B ¥ [1885|B| 35 1824 B[ 43 |[15M0| B Saza a0 pcs.
10 2082| B 20 2035 B a0 13838 | B 40 1812| B S |18 B Wald) 0 pcs.
PULL TEST
¥ 300
§ =m
2000 i
n::-: 1200
W 1000
g =m | ‘ |
E a |
1 3 5 7 8 M 13 18 47 19 N I3 IS 7 IS M 3 3§ I 3§ & 43 45 47 48
LAMPLE #




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emhart Table &
Teknologies FASTENER DESCRIFTION: M Largs Flangs (8 mm heat) CLASS 5.8
i FASTEMER PLATING: Copper
EMHART FASTENER FARTE: 23853
BASE MATERIAL TYPE: MILD STEEL
BASE MATERIAL PLATING: Galvanneal
BASE MATERIAL THICKNES S: 1.1 mm
1500
1450 5 5 5 EQUIFMENT
g [ 1400 5 5 s 5 DCE 1500 WELD CONTROL
E[ 1350 5 s 5 5 ETF12 FEEDER
?:: 1300 = 3 S 3 LM WELD HEAD
=[ 1250 4 4 ] 5 5 B
E 1200 4 4 4 5 5 4 WELD PROGRAMMING
1150 4 4 5 4 PARAMETERS
E 1100 4 £ & & LIFT 1.20mm
= 1050 3 3 3 4 PENETRATION  -1.Emm
o [ 1000 STARTOELAY  250ms
o %50 \are PILOT LIMIT 15.0V ta 33.00
=| 800 \are WELD LIMIT 15.0 ta 33.00
B30 WELDTIME ~ +-&ms
800 WELD CURRENT +- 304mps
730 STUD NEGATIVE FOLARITY
T0D
630
EDD
330
200
20 235 30 33 40 45 a0 33 ED

WELD TIME (t) in milliseconds

Acceprance Criteria

Stud Srake Prefemed G
100%-31% Preferen 3
Se-E1% Prefemed £
S0%-T1% Acceptable 3

[RECOMMENDED WELD SCHEDULE: 13504 45ms
& |DATA] * g |DATH * # DATA| * # DATAl * % [DaTA] * [Sisflsfical Evaluafion
TEMSILE TEST at 1 1883 | B 1 1845 B 21 1505 | B A (256 B | 41 [1575] B [ Awarage [X) 1839
RECOMMENDED Fl 2102 | B 12 12| B X2 |18 B 32 |1884]1 B | 42 [1301[ B[ Sbd Dev. [8) 169.5/
WELD SCHEDULE 3 [MS2|B| 13 |[17a2|B| 23 |ivs|5| 33 |ies9| B | 45 |18 E Ho3a: 1330.2]
4 170 | B 4 1778 B 24 |1B3T| B 34 18R]/ B | 44 [17BO[ B Minlmum 1301
5 1356 | B 15 |1815| B 25 |17 | B 35 |1855| B | 45 [1500( B Maximum 2156
E 1331 B 16 |185T| B 2 |177T4| B 36 |1340| B ) 45 [1TM4[ B Ranga 855
T 1| B v |2058| B 27 |1653| B 37T |1874| B | 47 [186T( B * Fracturs ods
8 [ooaa|B| 48 [18s7|E| 28 [1970|s| 38 [18n|B| 48 [1e8|E hud 0 pes.
£l 1845 | B 13 |1832| B X |14 B 33 |17e5| B | 45 [180T( B Siasa 50 jpcs.
I I R < 0 |1748| B 30 |4E| B 40 |1336|B ) S0 [1T35( B Jeald 0pecs.
FULL TEST
§ =
5
| 7 1=x
4
iy = 00
.
B o
1 3 5 7 9 M 1315 7 192 B 35 7F 23 1 335 F 39 N 4 4 47 29
TAMFLE®




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Table 9
FASTEMER DESCRIPTION:
FASTEMER PLATING:
EMHART FASTEMER PARTE:
BASE MATERIAL TYPE
BASE MATERIAL PLATING:
BASE MATERIAL THICKHESRS:

MS Large Flangs {3 mm head) CLASS 8.8
Copper

23053

DiPa&d

Galvanneal

1.0 mm

1300
1450 5 EGQUIPMENT
ig | 1400 5 DCE 1500 WELD CONTROL
E[ 1350 5 ETF12 FEEDER
< [ 1300 4 L WELD HEAD
=| 1250 4
E’ 1200 4 WELD PROGRAMMING
1150 3 PARAMETERS
E 1100 3 LIFT 1.20mm
= 1050 PERETRATION -1.8 mm
g 1000 START DELAY  250ms
o950 Vare PILOT LIMIT 15.0V to 33.0%
= %00 vare WELD LIMIT 15.0V to 3308
E50 WELD TIME +- EME
&00 WELD CURRENT +- 30Amps
750 STUD KEGATIVE POLARITY
700
B3
GO0
530
300
20 23 30 33 40 43 30 33 &0
WELD TIME (%} in milliseconds
Acceprance Criteria
Stug Snoks Frefemed &
100%:-21% Frafemad 5
ol%-E1% Frefemag A
B0%-71% Accentabie 3
|RECDHHEHD~EDWELI] SCHEDULE: 1350A 45ms
¥ [DATA] * & [DATH * & |DATA] * & |DATE] * | # |DATA[ * [Staulstical Evaluation
TEMSILE TEST al 1 (2|8 11 [Tie4| B[ 21 [2240( B[ o1 |23s8[B | 41 [1772| B | Average (K] 1E50.8
RECOMMENDED 2 |H37| B[ 12 |18 B[ 22 |3ias|B | 32 [19e0[ B | 42 | 2425 | B | Sid_Dev. (g) 7
WELD SCHEDULE 3 |1603| B| 13 |1900| B | 73 (24506 | 33 (2093 B | 43 |2006| B [TH 1308.7
4 [1593| 5[ 14 [15es|B| 24 |2a|B | 34 [19es[B| 44 [19s8| B M
5 |osge|ls| 15 |1a4|E| 25 (15308 | 35 [1535(B | 45 [2355( B[ Maximum 2455
c |ase]ls] 16 [1ase|e| 22 [1mm[e]| 3 [172s[B]| 4 [2075]E Ranga] 370
7 |aes|s| 17 |18ss|e| 27 [texs(s| 37 [20s0|B| 47 |2083(E * Fracturs Mods
8 |weed|5] 18 [13|E] 2 [1:s[e8] 3 [1en[B]| 48 [1ew|E _s,tu_u' 0 pes.
5 [ne3]|s| 13 |zos2|B| 23 [i1s]e]| 35 [1ea[B]| 43 [1esd|E Sass) 50 pcs.
1w |1sse| s 20 |2eele| 3@ [1sx1[8]| 40 [150s[8]| 50 |18s3(B yald] 0 pes.
PULL TEET
w3000
E 2500 4
. 2000 4
"Jidsm_ ‘ ‘I‘ ‘
4 1200 1
A 1111111 T
Bl
7 19 H B[ 35 I B3 3 33 5 3T B M £ 47 45
SAMPLES




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emhart Table 10
Teknologies FASTEMER DESCRIPTION: M Large Flangs (3 mm head) CLASS 8.8
FASTEMER PLATING: Copper
EMHART FASTENER PARTE: 23853
E&ASE MATERIAL TYPE USIEDR HEE
BASE MATERIAL PLATIMNG: AlSl
BASE MATERIAL THICKEHNESS: 1.25 mm
1500
1450 EQUIFBMENT
% 1400 DCE 1500 WELD CONTROL
E| 1350 ETF12 FEEDER
?:: 1300 Lk WELD HEAD
=| 1250
E 1200 WELD PROGRAMMING
1150 PARAMETERS
E 1100 LIFT 1.20mm
= 1050 PENETRATION -1.8 mm
g 1000 START DELAY  250ms
d 250 Warz PILOT LIMIT 15.0v to 33.0V
= 00 arz WELD LIMIT 15.0v to 33.0V
B30 WELD TIME +i- BME
800 WELD CURRENT +/- 20Amps
T3l STUD KEGATIVE POLARITY
700
650
]
330
300
20 23 30 33 40 45 50 33 (1]
WELD TIME (&) in milliseconds

Acceprance Criteria

Stud Sroke Prefemed &
100%-31% Frefemad 3
S%-61% Prefemad a
S0%-71% Acceptabie 3

[RECOMMENDED WELD SCHEDULE: 1450 A, 40 ms

7 1% H A ZFr ¥ N 33 B I

BAMPLE S

47 45

¥ |DATAf * # |DaTy * & |DaTA] * #  |DaTA] * # [DATA] * [Staflefical Evaluafion
TEMSILE TEST at 1 2573 B 11 [2am| B BT N J2085[B | 41 |IMI| B | Awerags (X 237312
RECOMMENDED 2 AT| B 12 |2 | B 22 1815 E 32 [eeam[ B[ 42 [2533| B | Shd Dev. (8 3350
WELD SCHEDULE 3 T E] 13 |2avE[ B 23 |[MXE|B 33 [1es7T|B| 43 |18 B X3 1365.5
4 2268| B 14 |2455| B 24 |2335| B M [2eT|B] 44 [1TER|E Minimum 1569
5 J4BE| B 15 |2411| B 25 |2553|B 35 |23c4|B| 45 |0M| B Maximum) 020
53 2285| B 16 |23l B 2 |08 35 |1SE3|B | 46 |MM|B Rangs| 1451
T JE5) B 17 |274cl B 27 |2eM|B 37 |188B|B | 47 |MTE| B * Fracturs Mods
8 JEIE| B 18 |2044| B 3B |38 B 35 |2336|B | 48 |1965| B jM' 0pes.
£ 27| B 19 |2332| B 23 |78 B 35 |27TE|B | 49 |23 B Siass S0 pes.
L =l ] 20 |2aacl B 30 |aves|B | 40 |Isc2(B| SO0 [1SGS| B iald] 0pes.
PULL TEET
w o 3Em
s 3000
. 2am0 M
1 ;_ 2000
B @ 1500
2 s0a
- I
1 2 5§ 7 9 11 13 15 a5 3= 41 & 45 4




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

T Table 11
Iif,ll:ll-:ﬂ'i;t Vg FASTEMER DESCRIPTIIN: W& Standard Flange Stud
ﬂ FASTEMER PLATING: ZIne trivalent chroma
EMHART FASTENER PART#: 19026
EASE MATERIAL TYPE Mild Steel
BASE MATERIAL PLATING: Gawannsaal
BASE MATERIAL THICKNESS: 1.1 mm
1500
1450 EQUIPMENT
g | 1400 DCE 1500 WELD CONTROL
E 1350 ETF12 FEEDER
'E 1300 LM WELD HEAD
=[ 1250
E 1200 WELD PROGRAMMING
1150 PARAMETERS
E 1100 LIFT 1.20mm
= 1030 5 3 = PENETRATION -1.8 mm
g 1000 5 El = - START DELAY  250ms
e 3350 5 5 5 5 an: PILOT LIMIT 15.0V to 33.0v
= s00 5 3 3 3 Warc WELD LIMIT 150V to 330V
830 5 5 5 5 WELD TIME +/- BME
3 = 3 WELD CURRENT +/- 20Amps
4 H ) STUD KEGATIVE POLARITY
3 = 3
4 5
=
300
20 23 30 33 40 45 30 a3 1]
WELD TIME (&} in milliseconds

Acceprance Criteria

Stud Srake Prefemag &
100%-31% Prefemmed 5
1% Prefesmag 2
S0%-T1% Accepishie 3

[RECOMMENDED WELD SCHEDULE: 900A 30ms

# DATA] * & DaTy * L DATA] * & DATA| * # [DaTA] = [5taflefical Evaluation
TENGILE TEST &l 1 |1487| B] 11 [14se|B| @1 |4er| 8| 31 [14es| B | &1 | 1503 | B | Awverags (%) [
RECOMMENDED F 1433| B 12 135 B 2 1515 | B 32 AT B[ 42 [1355] 8 [ 5id Dev. (8 a1
WELD SCHEDULE E] 1484| B 13 1401 B 23 14421 B 33 1457 | B | 43 (17| B X-3a: 1298.9)

4 45| B 14 14| B 4 14| B M 1357 | 8| 44 [1378| B Minlmum 1335

3 1508| B 15 1430| B 235 1372 | B 35 1452 | B | 45 [1412| B Maximum 1568

c [w182| 8| e [14es|B| 26 (1S9 B | 35 [1437|B| 45 |14s4]B Ranga| 250

T 61| B 1T 1510| B 7 14535 | B 37 144 | B | 47 [1430| B * Fracturs Mods

-] 1338| B 18 1462 | B 28 1507 | B 3 1414|8| 48 [1442| B Stud 0 pcs.

] 44| 5 13 1588| B 23 1474 | B 35 1435| 8| 43 [1513| B Siaga 50 pcs.

10 1483| B 20 41| B 30 1445 | B 40 1455| 8 50 (1378 | B Yiald 0 pcs.

PULL TEET

W 20

o :

&

IIII\- <

" e

1 o4

1 3 5 7 9 41413 16 17 18 M 3| 25 2 2 M 33 E I7 3| 4 & 45 47 48
BEMPLE S




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Embhart

|t‘kl1ullﬁ'iv\-

Table 12
FASTEMER DESCRIFTION
FASTEMER PLATING

ME Standard Flangs Stud
ZIne frivalent chrome

EMHART FASTENER PARTE: 33028
BASE MATERIAL TYPE DP3E0
BASE MATERIAL PLATING: Galvanneal
BASE MATERIAL THICKHESS 1.0 mm
1500
1450 EGUIFMENT
4 1400 DCE 1500 WELD COMTROL
E 1350 ETF 12 FEEDER
< [ 1300 LM WELD HEAD
=[ 1250
E 1200 WELD PROGRAMMING
m 1150 PARAMETERS
o [ 1100 LIFT 1.20mm
a 1050 =] =] =] PENETRATION -1.Emm
o 1000 ] -] ] START DELAY  250ms
d 830 ] ] ] [ warc PILOT LIMIT 150 to 23.0V
= ] -] B & anc WELD LIMIT 150 to 23.0V
] ] [ WELD TIME +- Bms
-] ] & 'WELD CURRENT +- 30Amps
] ] [ STUD NEGATIVE POLARITY
] &
] ]
4 S
30 35 40 435 a0 33 1]
WELD TIME t] in milliseconds
Acceprance Criteria
Stud Broks Prefemed ]
100%-91% Prefemed 5
a1%-61% Prefemed 4
S0%-T1% AL ahie 2
|RECDHHEHDED WELD SCHEDULE: 900A 30ms
¥ [DATA] * ¥ [DATH | # |DATA] * ¥ [DATH *| & [DATA] * [Sisflshical Evaluabon _l
TEMSILE TEST at 1 imsz| B ikl Z10E| B Fil 1821 B H 5[ 5| 41 | 2956 B | Avwarage [X) 20225
RECOMMENDIED F 184 | B 12 2363[ 5 F7] 1680 B 32 2003 5| 42 |200B| B | Std. Dav. |g) 21E.3
WELD SCHEDULE 3 2TE| B 13 1813 B 23 2044 B 33 IT0T({E| 43 |2374| B X-380 13676
4 24| B 14 21| B 24 123341 B M |22M[E| 44 |NE|E Minimum 1470
3 2035 | B 15 21T4| B 25 1396 B 35 HTE| 5| 45 |1456| B Maximum 2374
& 20241 B 15 2T4| B 25 2031 8 35 1533| 5| 46 |23 B Rangs ans
T 1944 | B 17 28| B 2 1966 B a7 NS4 | E| 47 |MTE| B * Fraoturs Bods
-] 2301 B 18 Z2E| B 28 1470 B 3 48| 5| 48 |207S5| B Stud 1 pcs.
g 1874 | B 13 2133| B ) 1738 B pic) Z207T| 5| 43 |25 B Haza 45 pos.
10 16| B 20 1\ E 3 152118 40 1572 5| S0 |187S| B Yeald 0 pcs.
PULL TEST
W 2mm
E 2000
T B
'r:| = 1000
m =
! ]
1 3 5 7 5 1113 45 17 18 M B B IF 9 M I3 35 I 39 & 43 45 & 48
BAMFLE %




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emhart

lie ]LIII:'iL’H

WELD CURRENT (I}in Amps

Table 13

FASTEMER DESCRIPTION: WM& Standard Flangs Stud
FASTEMER PLATING: ZIne trivalent chroma
EMHART FASTENER PARTE: Ja02c
BASE MATERIAL TYPE: USIEDR HEE
BASE MATERIAL PLATING: AlSl
BASE MATERIAL THICKHNESS: 1.25 mm
1500
1450 EGQUIPMENT
1400 DCE 1300 WELD CONTROL
13350 ETF12 FEEDER
1300 Lk WELD HEAD
1250
1200 WELD PROGRAMMING
1150 PARAMETERS
1100 LIFT 1.20mm
10350 -] PENETRATION -1.8 mm
1000 -] START DELAY  250ms
Warc PILCT LIMIT 15.00 to 33.0%

iarc WELD LIMIT 15.0V to 33.0v

WELD TIME +i- GME

WELD CURRENT +/- 30Amps

STUD NEGATIVE POLARITY

o fon Jon on o o | on [ en

ﬂ'lﬂ'lﬂ'lﬂ'lﬂ'lﬂ'lﬂ'lﬂ\l

300
20 23 30 33 40 45 50 a3 B0
WELD TIME (&} in milliseconds
Acceprance Criteria
|RECDMHEHDED WELD SCHEDULE: 950A 30ms
[l DATA * # DATH * & DATA| * & DATA] * # |DATA] * [5taflsfical Evaluaiion
TEMSILE TEST at 1 2050 | B 11 2353 B Fil 2188 | B H 1756 B | 41 [242| B | Awverage (X) 21556
RECOMMENDED F Hig| & 12 |287| B R E 32 [1333] B | 42 [22&E[ B [ 50d. Dev. (8 1706
WELD SCHEDULE 3 H72| B 13 2230 B 3 23E3 | 8§ B 1344(B| 43 |[2381| B X-3a: TE4E.E
4 HiT| B 14 21e8| B 24 2355 8 M 20658 | 44 |24 B Minimum 1756
5 Hel| B 15 2055| B 25 2040 | B 35 184/ B| 45 |ME|B Maximum 2447
] 7| B 1e 2185| B i) 2\ B 35 21638 | 46 |2382| B Ra_nugl &e1
T 232| T 7 250| B 27 72| B i 23218 | 47 1580 B * Frackure Mods
] 233 B 18 |1533| B 28 1841 8 38 |2%0|B) 48 [201| B Stud 3 pcs.
g 1808| B 13 2126| B 3 228 | 8 Bz 2|8 | 43 |2073| B Siaga 46 pes.
10 42| B 20 1881| B 0 2302 | 8 40 21148 | S0 |2373| B Yyald 0 pcs.
Ihreads 1 pes.
PULL TEST
W o30m
E 2500 4
Y _ 2000 4
18 45004
n B
III — 1000 4
m zond
ool
1 3 5 T 89 11 13 15 17 15 M [ 325 T 19 M 33 X 3I7 I/ 4 L3 45 47 48
BAMPLE S




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emhart Table 14 o
leknoloeies FASTEMER DESCRIPTION: WM& Largs Flangs Stud [7 mm haad) Paint cuting threads
. FASTENER PLATING: ZInc trivalent chrome
EMHART FASTENER PARTE: 25558
BASE MATERIAL TYPE Mild Stesl
BASE MATERIAL PLATING: Gaannasl
HASE MATERIAL THICKNESS: 11mm
1500
1430 EGQUIPMENT
u [ 1400 DCE 1500 WELD CONTROL
£ 1330 ETF12 FEEDER
< [ 1300 b WELD HEAD
=[ 1250
E 1200 5 5 5 5 5 WELD PROGRAMMING
11350 = 5 = 5 = PARAMETERS
E 1100 5 = 5 s 5 LFT 1.20mm
= [ 1050 5 5 s 5 5 5 PENSTRATION  -1.8mm
= [ oo 5 5 5 5 5 E STARTDELAY  250ms
2 =50 5 5 5 5 5 5 \iare PILCT LIMIT 5.0V to 3.0
=[ sm 5 = : : s \ar WELD LIMIT 15,00 to 3.0
B30 3 5 5 5 5 WELDTIME 4/~ &ms
B0 5 5 5 5 5 WELD CURRENT +- 31Amps
750 3 5 5 STUD NEGATIVE POLARITY
700 3 3 s
B3l
B00
530
300
20 | 25 30 35 40 45 | 50 55 | &0
WELD TIME (t} in milliseconds

Acceprance Criteria

Stud Broke Prefemed g
100%%-31% Frefemad 3
0%-51% Prefemed B
S0%-T1% Acceptabie 3

|RECDMHEHDEDWELD SCHEDULE: 10504 40ms

& [DATA] ¥ & [DATH - # |DATA] * # |DATA] * # [DATA] * [Staflefical Evaluaiion
TEMSILE TEST at 1 1465 B 11 1460 B Fil 1455 | B H 1420/ B | 41 |1480| B | Average (X 14734
RECOMMENDED H ErHE 12 |1547| B | 22 [1445| B | 32 [15er| B | 42 | 1430| E | 50d_Dev. (3) 56.3
WELD SCHEDULE ] 1523| B 13 150&| B 3 1405 | B 33 1540|B| 43 |1516] B H-3a: 1303.6

4 47zZ| B 14 [1533|B| 24 [1573| 8 M |[1473|B| 44 (s3] B Minimum 1334

5 1514| B 15 15| B 25 13341 8B 5 1451)B | 45 |1448]1 8 Maximum| 1520

3 1358| B 16 [15m|e| 2 |wse|e| 38 [1423|B | 46 [1474| B Ranipa 256

7 1558( B 17 [1548|B| 27 |waav(m| 37 [1ave|B | 47 [14m0|E * Fracturs Mods

8 1528( B 18 [1457|B| 28 |138s( 8 3 [1as|B| 48 |1555] B Stud 0 pcs.

] 1590( B 19 [13s0|B| 25 |wsal8 35 [1487|B | 43 [14s8]| B Sasg 50 pes.

10 1424| B 20 1497| B 30 1516| B8 40 147218 50 |14T3| B Yiald 0 pcs.

PULL TEST

% 200 !

|

] ]

n 3

W s

E 0

1 3 5 7 9 1% 13 15 17T ¥ M 3 B I W M 33 B T 3B 4 43 45 47 48
BAMPLE 8




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

Emh

Tedonu lhifilﬁ

WELD CURRENT (I}in Amps

at Table 15
FASTEMER DESCRIPTION: MS Largs Flangs Stud [Tmm head) Paint cutting threads
FASTEMER PLATING: Zinc trivalent chroms
EMHART FASTENER PARTE 25958
BASE MATERIAL TYPE DPagd
BASE MATERIAL PLATING: Galvannesl
BASE MATERIAL THICKNESS: 1.0 mm
1300
1450 EQUIPMENT
1400 DCE 1500 WELD CONTROL
1350 ETF12 FEECER
1300 LW WELD HEAD
1250
1200 5 & 5 o 5 WELD PROGRAMMING
11350 Hi 5 5 B 5 PARAMETERS
1100 B B B B B LIFT 1.20mm
1050 B B = 5 £ B PENETRATION -12mm
1000 B B B B E B STARTDELAY  250ms
850 B B B B B B \ian: PILOT LIMIT 15.00 te 33,04
800 B = B B 5 \iar: WELD LIMIT 15.0V to 33.04
850 [ 4 | s B B B B WELD TIME +- BME
800 5 5 5 5 WELD CURRENT +- 30Amps
750 [ 4+ | 5 | s 3 3 5 STUD NEGATIVE POLARITY
700 5 5 5
B3l
E00
330
S00
20 23 30 33 40 43 30 B &0
WELD TIME (%} in milliseconds
Acceprance Criteria
Stug Sroke Prefemed g
100%-51% Frafered 5
o0%-E1% Prefesrag 4
E0%T1% Arceotabie 3
|RECDMHEHDED WELD SCHEDULE: 10504 40ms
¥ [Datal *| # [DATH | & [OATA[ - | #& [OATA]* | #& [DATE[ * [Stadletical Evalusiion
TEMGILE TEST al 1 |19 B[ 11 [1ET0[B| 21 |i%=2| B | 81 [204z| B | #1 |1756| B | Averaga(x) 15612
RECOMMENIED T |9550| =] 12 [2001| B| 92 |i908| B | 82 |2047| 0 | 42 | 190%| B | Sid Dev. (g) fEFE]
WELD SCHEDULE 3 |ooec| =] 13 [1eaT|B| 93 |iyes| 8| a8 [2117| B | 42 |18 B W 5642
4 |iega| =] 14 [I9se|B| o4 |isss|o| a4 [soiE| B | 44 [ires|E M
5 |is0|s| 15 [wsar[e| 25 |aoss|e| 35 [1ssz|e | 45 [2024[E| Maximum 23
¢ |ie31|=| e [2i0z[B| o2& |isel|e| 3¢ |so03|B | a4 |2wil|E Ranps| 557
7 |amsa|s| 7 [19:[e| sr |weer|e| a7 [2132(8 | 47 [1se1|E * Fragturs Mods
8 |1e72|=| 18 |i7ed|B| o8 |ssss|e| 22 [1eci|B | 48 |200a|E Stud 0 pes.
5 |so7s|m| 19 [zovs[B| 25 (|soe0|B| 35 [2081|B | 45 [24e5(E Gass|  50pes.
0 [o1i0ls] o0 [isei|e| 3o [iss2(8| 40 |issa|s| 50 [ise|E Wald 0 pes.
PULL TEET
3 ZE00
§ 2000 - = -
4 & 1500 1
|
8o jom
5 o
Y LI HLIRRIERIBEIERR NSRRI .
1 3 T 9 11 13 1 17 19 2 31 33 35 37 38 &1 43 &5 47 49




AUTO STEEL PARTNERSHIP - DRAWN-ARC WELDING STUDY 2006

WELD CURRENT §) in Amps

Table 16

FARTEMER DE3CRIFTION:
FARTEMER PLATIMG:

ME Largs Flangs Shad (fmm head) Paind cutfing Shreade
Zna irvaieant shrome

EMHART FAETEMER PAATS: JeEE
BALE MATERIAL TYPE: UBOR HIB
EASE MATEFRIAL FLATING: AlEl
BATE MATEFIAL THICHMELS: 1.25 mm
1500
1450
1400 DCE 1500 WELD CONTSIOL
1350 ETF12 FEEDER
1300 LK 'WELD HEAD
1250
1200 B S g & ] EL0 PROCRAMMING
1150 B 5 & ] &
1100 B 5 & & 13 LIFT 1.20emm
1250 B S ] E & FEMETRATION  -1.&mm
1000 B L 1 s 13 B TART DELAY  ISOms
350 B & 1] & B Ware PILOT LIMIT 15,0V o 33.0v
300 g 13 & B Vars WELD LIMIT 15,0 o 320
850 1 s & B WELD TINE - Ems
(] g £ 13 B WELD CURSENT = 30Ames
750 g 1] 13 B TUD REGATIVE POLASITY
o0 B & B
ESD
=]
550
00
20 25 30 35 a0 45 S0 95 el
WELD TIME (1] In millizeconds
Accepiance Criveria
T EraraTed 5
100%-51% Prefemed =
b o Prefemed 4
<
[RECOMMENDED WELD SCHEDULE: 10504 40ms
a DATA] ¢ El naTal + 3 |DATA] - a DATA] * 2 [DaTal ¢ |Hadiclicsl Evatuation
TEET at i | 1sa6| B hik | iT8B| B | 1816| B 4 |M8EE[E| 41 |48TI|E | AverageiXi A91E3
RECOWAMERDED a REn 12 |1mez| E = HiT| B a7 [3m1e[E] 42 (907 [ E | Ebhd Dew (e 1224
SCHEDULE a 208 B2 13 |1s0e| E 2 |xa2|e a3 |Mees|E| 43 |iBM | B i 15021
4 ol W= 14 |24 E 24 |1EE| B 94 |Io@s|E| 48 |1FE|E Minimum 1583
B ias7) B 16 || E 5 |H48| B 96 |1828|E| 46 |JEE|E Madmum EE
[ ieas]| 8 18 |1&8&| E I |12 B 98 |IHE[E| 48 |iT&|E Fange 63
T 1238| B a7 181 | B T 1584| B a7 1807 | B 47 |23 | B * Frictura Meda
B 7| B8 18 1827 | B 3 1280 B a8 I0ZE| B 48 | MeE3 | B _i‘l.l.l_l‘.l 0 s,
] 1544 B2 18 |1s00| E =% |MmrBe 28 |MMis|E] 48 |1ET4|E Saics | S0 oo
in |1s86| B 20 1846 B 2 |1fe| B 40 |[MHT[E] 0 |87 E eald [
PLLL TEST
E 2500 1
g 2500 ] - I 1 | [ i
e ]
P4
= R
F ]
x
:l o 4 13 5 18 3 I
L 3 B ¥ OB 1M O W T OMm N DS OIN AN I 8 N N
SLMFL &
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