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B.1 VEHICLE PREPARATION
B.1.1 Unladen Kerb weight
B.1.1.1 Fill the fuel tank with fuel to the rated capacity (or an equivalent mass of water or other
counterweight).
B.1.1.2 Inspect whether other liquids (e.g. engine oil, brake fluid, cleaning fluid, antifreeze, etc.) in
the vehicle reach the maximum level, and adjust accordingly.
B.1.1.3 Confirm that the spare tires and on-board tools are in the corresponding positions of the
vehicle, and remove any items in the vehicle that are not related to the vehicle.
B.1.1.4 Check and adjust the pressure of each tire to the tire pressure value specified by the vehicle
manufacturer when the vehicle is half loaded.
B.1.1.5 Check and confirm that the front license plate and license plate mounting bracket of the
vehicle are in the same state as the actual normal driving state (except license plate) or as close as
possible.
B.1.1.6 Measure and record the total mass of the vehicle and the axle load of the front and rear
axles, and the measured total mass of the vehicle, namely the vehicle curb weight.
B.1.2 Additional weights
B.1.2.1 If the front seat is adjustable in the forward and backward directions, it shall be adjusted to
the middle position of its adjustable stroke. If the seat is not locked in the middle position, it shall be
adjusted to the first lockable position behind the middle position.
B.1.2.2 The counterweight of 75 kg shall be placed on the driver seat and the front passenger seat
respectively.
B.1.2.3 Ensure that the front wheels of the vehicle are in a straight-line driving position.
B.1.2.4 If the suspension is adjustable, it shall be adjusted to 40 km/h normal driving attitude.
B.1.3 Suspension Settling
Propel the vehicle forward by at least 1 m, and then propel the vehicle backward by at least 1 m,
repeating three times. Measure and record the height of the intersection between the transverse
vertical plane of the vehicle at the center of the four wheels and the upper edge of the wheel guard. If
the vehicle suspension is adjustable, adjust with the method in B.1.2.4.
B.1.4 Normal Ride attitude
B.1.4.1 After the vehicle preparation specified in B.1.1, B.1.2 and B.1.3 is finished, the vehicle is in
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a normal driving attitude.
B.1.4.2 The vehicle manufacturer shall refer to the markings, holes or other marks on the vehicle to
explain the height of the vehicle in the vertical direction (Z direction) of the normal driving attitude.
Through these marks, the height and attitude of the vehicle shall be easily confirmed. If the vertical
height of the reference mark deviates from the design height within ± 25 mm (including ± 25 mm),
the design height shall be considered as the normal driving height and the vehicle can be adjusted to
the design height for testing. If the vertical height of the reference mark deviates from the design
height by more than ± 25 mm, the normal driving height of the vehicle shall be subject to the actual
measured normal driving attitude of the vehicle.
B.2 VEHICLE MARKING
B.2.1 General requirements
B.2.1.1 The vehicle shall be marked according to the requirements of this section, dividing the front
of the vehicle into different areas, so that the evaluation can be carried out by using the
corresponding impactors.
B.2.1.2 Before the test, the vehicle manufacturer shall provide the predicted data of the headform
test area. Otherwise, the evaluation shall be carried out according to the method of equal division of
areas.
B.2.1.3 All vehicle markings shall be measured in the normal driving attitude.
B.2.1.4 The vehicle manufacturer shall provide the vehicle coordinates of all head grid points or
mark them on the vehicle.
B.2.1.5 The actual test measurement results are compared with the data provided by vehicle
manufacturer. Only when the difference between them is within 10 mm (including 10mm), can the
headform test predicted results provided by the manufacturer be accepted. When the difference
between them is more than 10 mm, the vehicle manufacturer shall cooperate to find out the cause of
the deviation. According to the cause of deviation, the C-NCAP test assessment department decides
how to complete the vehicle marking work.
B.2.1.6 The manufacturer shall provide the predicted results of the headform test area. The CNCAP test assessment department shall select some of them for testing to verify the accuracy of the
predicted results provided by the manufacturer.
B.2.1.7 For the active pop-up bonnet system, the position of the head impact point shall be marked
when the bonnet is not deployed, without regard to the working state of the bonnet system.
B.2.1.8 When there is a gap in the marked area at the front of the vehicle, the gap shall be bypassed
with adhesive tape along the outer contour of the vehicle, and the tape represents the front contour of
the vehicle. The tape arrangement shall be carried out according to the WAD measurement method.
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B.2.2 Bonnet leading edge reference line
B.2.2.1 The "bonnet leading edge" means the edge of the front upper outboard parts of the vehicle,
including the bonnet, fenders, headlamps and other accessories. The bonnet leading edge reference
line is the geometric locus of the contact points between a 1000 mm long straightedge and the front
surface of bonnet. The geometric locus is formed by the contact points with the leading edge of the
bonnet when the straightedge is parallel to the longitudinal vertical plane of the vehicle and tilted
back 50% from the vertical direction, and the bottom end of the straightedge is 600 mm from the
ground reference plane, as shown in Fig. B.1. For vehicles where the upper surface of the bonnet
itself is tilted 50º, the straightedge has continuous or multiple contact points with the bonnet instead
of one contact point, and the reference line is determined by tilting 40º backward from the vertical
direction. If the bottom end of the straightedge first comes into contact with the vehicle, the points of
contact in this transverse position constitutes the bonnet leading edge reference line. If the upper end
of the straightedge first comes into contact with the vehicle, a geometric locus at this position with a
wrap-around distance (WAD) of 1000 mm as defined in B.2.5 constitutes the bonnet leading edge
reference line. If the upper edge of the bumper contacts the straightedge during this process, the
upper edge of the bumper can also be considered as the bonnet leading edge reference line.

Fig. B.1 Marking of Bonnet Leading Edge Reference Line
B.2.2.2 Tilt a 1000 mm long straightedge back by 50º from the vertical direction, with the bottom
end of the straightedge 600 mm from the ground. For vehicles where the upper surface of the bonnet
is tilted 50º, the straightedge has continuous or multiple contact points with the bonnet instead of one
contact point, and the reference line is determined by tilting the straightedge 40º backward from the
vertical direction. Keep the straightedge in the longitudinal plane of the vehicle and place the
straightedge at one end of the bonnet in contact with the bonnet.
B.2.2.3 Mark the point of contact between the straightedge and the bonnet.
B.2.2.4 If the lower end of the straightedge first comes into contact with the vehicle, mark this point
of contact.
B.2.2.5 If the upper end of the straightedge first contacts the vehicle behind the wrap around
distance of 1000 mm , the bonnet leading edge reference line is formed at this position by using a
geometric locus with a wrap around distance of 1000 mm.
5

B.2.2.6 Remove the straightedge from the bonnet and move the straightedge towards the other end
of the bonnet by not more than 100 mm to re-contact the bonnet.
B.2.2.7 Mark the point of contact between the straightedge and the bonnet.
B.2.2.8 Repeat steps B.2.2.4 to B.2.2.7 over the entire width of the bonnet, joining the marked
points on the bonnet into a line to form the bonnet leading edge reference line. The bonnet leading
edge reference line may be discontinuous and may be disconnected in areas such as vehicle logo and
grille.
B.2.3 Bonnet side reference line
B.2.3.1 The 700 mm long straightedge is parallel to the transverse vertical plane of the vehicle and
tilts inward 45º. Maintain the geometric locus formed by the highest contact point between the
straightedge and the vehicle side when the straightedge contacts the side of the front structure of the
vehicle, ignoring the contact point with the rearview mirror. See Fig. B.2. If there are multiple or
continuous contact points, the outermost contact points form the bonnet side reference line.
B.2.3.2 Place a 700 mm long straightedge at 45º to the horizontal plane. With the straightedge
parallel to the transverse vertical plane of the vehicle, place the straightedge at one end of the side
edge of the vehicle and allow it to contact the front of the vehicle bonnet or fender.
B.2.3.3 Mark the highest point of contact between the straightedge and the bonnet or fender.
B.2.3.4 Remove the straightedge from the bonnet or fender and move it towards the other end of the
vehicle by not more than 100 mm to re-contact the fender.
B.2.3.5 Mark the highest point of contact between the straightedge and the bonnet or fender.

Fig. B.2 Marking of Bonnet Side Reference Line
B.2.3.6 Repeat B.2.3.4 and B.2.3.5 over the length of the bonnet, fender and A pillar.
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B.2.3.7
Join these marked points into a line. This line may be discontinuous and may be
disconnected at the fender, rim, etc.
B.2.3.8 Repeat the above operation steps at the other side of the vehicle.
B.2.3.9 When the corner point is being determined, partial modification of the bonnet side reference
line is allowed.
B.2.4 Bonnet rear reference line
B.2.4.1 When a 165 mm diameter ball is kept in contact with the front windshield and rolls
transversely on the front structure of the vehicle, the geometric locus formed by the last contact point
between the ball and the front structure of the vehicle is shown in Fig. B.3.
B.2.4.2 Remove wiper blades and swing arms.
B.2.4.3 Place a ball with a diameter of 165 mm on the upper surface of the front structure of the
vehicle in the center of the vehicle so that the ball contacts the windshield.
B.2.4.4 Mark the frontmost contact point between the ball and the upper surface of the front
structure of the vehicle. Move to one side of the vehicle until the ball is in contact with the bonnet
side reference line. Mark all points of contact during this movement. Return to the original position
and do the same steps on the other side of the vehicle.
0

Fig. B.3 Marking of Bonnet Rear Reference Line
B.2.4.5 If the wrap around distance of the bonnet rear reference line is greater than 2300 mm, the
wrap around distance of 2300 mm is used as the bonnet rear reference line.
B.2.4.6 If the bonnet rear reference line and the bonnet side reference line do not intersect, the
bonnet rear reference line shall be extended and/or determined by using a semi-circular template of
radius 100 mm. The template shall be made of a thin flexible material that easily bends into a singlecurved surface in any direction. The template shall be prevented from forming a hyperboloid or
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complex curved surface, which will result in template wrinkling. The recommended material of
template is a piece of foam backed by thin plastic sheet to allow the template to cling tight to the
surface of the vehicle.
B.2.4.7 The template shall be marked with four points “A” through “D” (see Fig. B.4) while it is on
a horizontal plane. The template shall be placed on the vehicle with “A” and “B” coincident with the
side reference line. While it is ensured that “A” and “B” remain coincident with the side reference
line, the template shall be moved progressively rearwards until the arc of the template contacts the
bonnet rear reference line. Throughout the process, the template shall be moved in curve along, as
close as possible, the outer contour of the vehicle’s bonnet top, without wrinkling or folding of the
template. If the line of contact between the template and the bonnet rear reference line is the tangent
line of the template and the tangent point is located on the outer arc of the arc surrounded by points
"C" and "D", the bonnet rear reference line shall extend and/or be determined instead by the
circumferential arc of the template contacting the bonnet side reference line, as shown in Fig. B.4.
B.2.4.8 While the template point "A" and point "B" are in contact with the bonnet side reference
line, if the template cannot be tangent to the bonnet rear reference line or the contact point between
the template and the bonnet rear reference line is located in the arc surrounded by points "C" and "D",
another template shall be used. The radius of that template can be gradually increased by 20 mm
increments until all the above indicators are met.
B.2.4.9 Install wiper blades and swing arms.

Fig. B.4 Marking of Intersection Between Bonnet Rear Reference Line and Bonnet Side Reference
Line, and Template
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B.2.5 Wrap around distance
B.2.5.1 The vehicle is in a normal driving attitude, and a flexible belt or line is used for moving
transversely along the front structure of the vehicle in the longitudinal vertical plane of the vehicle,
and one end of the flexible line forms a geometric locus on the outer surface of the front structure of
the vehicle.
B.2.5.2 Start from the longitudinal vertical plane of the center of the vehicle.
B.2.5.3 One end of the flexible line is in contact with the ground reference plane and falls vertically
under the front surface of the bumper, while the other end is in contact with the front structure of the
vehicle.
B.2.5.4 Mark at 1000 mm, 1500 mm, 1700 mm, 2100 mm and 2300 mm, and make sure that the
flexible line is in a tight state and in the longitudinal vertical plane of the vehicle during the whole
operation. See Fig. B.5.

Fig. B.5 Wrap around distance measurement
B.2.5.5 When there is a depression in the outer contour of the vehicle, like the wiper groove area
behind the bonnet, the outer contour of the vehicle is simulated horizontally backward along the
outer contour of the vehicle with adhesive tape. The wrap-around distance is marked on the adhesive
tape and then projected vertically down onto the vehicle structure.
B.2.5.6 Move the flexible line to one side of the vehicle for a distance not exceeding 100 mm, recontact one end of the flexible line with the ground reference plane, and contact the other end with
the front of the vehicle, and mark accordingly.
B.2.5.7 Repeat steps B.2.5.2 to B.2.5.5 up to the bonnet side reference line.
B.2.5.8 Connect the marks on the bonnet respectively and draw wrap around distances of 1000 mm,
1500 mm, 1700 mm, 2100 mm and 2300 mm.
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B.2.6 Corner point
The intersection between the bonnet leading edge reference line and the bonnet side reference line is
the corner point. When the bonnet leading edge reference line and the bonnet side reference line
intersect continuously or have multiple intersection points, the outermost intersection point is taken.
When the corner point is behind the WAD1000, mark the intersection of the longitudinal vertical
plane of the vehicle where the corner point is located and the WAD1000. Connect this intersection
point and the corner point along the outer contour of the bonnet to form a segment of the bonnet side
reference line, as shown in Fig. B.6.

Fig. B.6 Corner point
B.2.7 Headform test area
The area surrounded by WAD1000, WAD2300 and two bonnet side reference lines (and including
four lines) is the headform test area. The area between WAD1000 and WAD1500 (including the two
wrap around distances) is the child headform impact area. The area between WAD1700 and
WAD2300 is the adult headform impact area.
If the bonnet rear reference line is between WAD1500 and WAD1700, the area in front of the bonnet
rear reference line (containing the reference line) is the child headform test area, and the area
between WAD1500 and WAD1700 behind the bonnet rear reference line is the adult headform test
area; if the bonnet rear reference line is behind the WAD1700, the area in front of WAD1700
(containing WAD1700) is the child headform test area.
B.2.8 Bumper upper reference line
B.2.8.1 For a vehicle with a definite bumper structure, the geometric locus formed by the highest
point of contact between the straightedge and the bumper when the 700mm long straightedge is
parallel to the longitudinal vertical plane of the vehicle and tilts 20° backward from the vertical
direction, moves transversely along the front of the vehicle and remains in contact with the bumper
surface. For a vehicle without a definite bumper structure, the geometric locus formed by the highest
point of contact between the straightedge and the bumper when the 700mm long straightedge is
parallel to the longitudinal vertical plane of the vehicle and tilts 20° backward from the vertical
direction, moves transversely along the front of the vehicle and remains in contact with the ground
and the bumper surface. See Fig. B.7.
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Fig. B.7 Marking of Bumper Upper Reference Line
B.2.8.2 Tilt a 700 mm long straightedge back 20º from the vertical direction so that the plane of the
straightedge is parallel to the longitudinal vertical plane of the vehicle. Place the straightedge at one
end of the bumper, and keep the straightedge in contact with the bumper and the ground. In order to
avoid contact between the straightedge and the upper structure of the bumper, the length of the
straightedge can be shortened, and in order to make the straightedge contact the bumper, the
straightedge can also be extended.
B.2.8.3 Mark the highest point of contact between the straightedge and the bumper.
B.2.8.4 Remove the straightedge from the bumper, move it towards the other end of the bumper for
a distance not exceeding 100 mm, and allow it to re-contact the bumper.
B.2.8.5 Mark the highest point of contact between the straightedge and the bumper.
B.2.8.6 Repeat steps B.2.8.4 and B.2.8.5 over the entire length of the bumper.
B.2.8.7 Join the marked points into a line to form the bumper upper reference line. This line may be
discontinuous and may be disconnected at the license plate and other parts.
B.2.9 Bumper lower reference line
The lower limit to effective points of pedestrian contacting with the bumper. The geometric locus is
formed by the lowest point of contact between the straightedge and the bumper (as shown in Fig. B.8)
when the 700 mm long straightedge is parallel to the longitudinal vertical plane of the vehicle and
tilted forward 25° from the vertical direction, moves transversely along the front of the vehicle and
remains in contact with the ground and the bumper surface. The marking method is consistent with
that of B.2.8.3 ~ B.2.8.6 bumper upper reference line.
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Fig. B.8 Marking of Bumper Lower Reference Line
B.2.10 Bumper corner
B.2.10.1 The front surface of the square plate with an inner side length of 236 mm of the vertical
plane at 60º to the longitudinal vertical plane of the vehicle is tangent to the bumper surface, and the
contact point between the vertical centerline of the front surface of the square plate and the bumper
surface is the bumper corner. When multi-point contact occurs, use the Y-direction outermost contact
point of the vehicle as the bumper corner. See Fig. B.9.

Fig. B.9 Marking of Bumper Corner
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B.2.10.2 The square plate with a side length of 236 mm is 60º with the longitudinal vertical plane of
the vehicle. Keep the square plate perpendicular to the ground reference plane, and the horizontal
centerline of the square plate is parallel to the ground reference plane.
B.2.10.3 Move the square plate to contact the front surface of the vehicle bumper. During the
movement of the square plate, the center point of the square plate shall not be lower than the bumper
lower reference line or 75 mm above the ground reference plane (not be lower than the higher of the
two); the center point of the square plate shall not be higher than the bumper upper reference line or
1003 mm above the ground reference plane (not be higher than the lower of the two).
B.2.10.4 Mark the point of contact between the vertical centerline of the front surface of the square
plate and the front surface of the bumper.
B.2.10.5 The marked contact point is the bumper corner. The following contact points are excluded:
the contact point between the upper/lower boundary line of the front surface of the square plate and
the front surface of the bumper and the contact point between the front surface of the square plate
and the indirect view device or tire. When the vertical centerline of the front surface of the square
plate has multiple contact points with the bumper surface, the Y-direction outermost contact point
shall be taken as the bumper corner.
B.2.10.6 Mark the bumper corner on the other side of the vehicle in the same manner.
B.2.10.7 Remove the plastic bumper cover and accessories (energy absorbing foam, etc.) and mark
the bumper beam inside the bumper cover or the Y-direction outermost edge of the front longitudinal
beam of the vehicle. Bumper beam refers to the structure which is behind the bumper cover and is
used for protecting the front end of the vehicle, excluding energy absorbing foam, bumper cover
support device and any device that plays a protective role in the impact between the vehicle and
pedestrians.
B.2.10.8 Compare the area between the bumper corners with the area between the bumper beam or
the Y-direction outermost edges of front longitudinal beam of the vehicle. The legform test area is
the larger of the two areas.
B.2.10.9 When the area between the bumper beam or the Y-direction outermost edges of the vehicle
front longitudinal beam is larger, record the distance from the vehicle centerline to the edge of the
area, reinstall the bumper cover and mark the boundary of the legform test area on the bumper cover.
B.2.11 Marking of grid points in headform impact area
B.2.11.1 Mark the longitudinal centerline of the vehicle on the bumper, the upper part of the bonnet,
the windshield and the roof.
B.2.11.2 On the longitudinal centerline of the vehicle, starting from WAD1000, the wrap around
distance is marked at intervals of 100 mm along the front outer contour of the vehicle until
WAD2300. For a vehicle with a V-shaped front end, WAD2400, WAD2500, etc. may also need to
be marked. See Fig. B.10.
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Wrap around distance

Fig. B.10 Marking of Grid Points in Headform Test Area
B.2.11.3 Starting from the marked points on the longitudinal centerline, mark each side of the
vehicle to the bonnet side reference line at intervals of 100 mm, which shall be measured
horizontally in the transverse vertical plane of the vehicle.
B.2.11.4 Repeat step B.2.11.3 at each marked point on the longitudinal centerline until the entire
headform impact test area is covered by grid points. For vehicles with special shapes (vehicles with
V-shaped front ends), points with wrap around distances such as 2400 mm and 2500 mm may also
need to be marked.
B.2.11.5 On the A pillar, the intersection between the transverse vertical plane and the side
reference line shall be marked.
B.2.11.6 When there are grid points located below the outer contour of the vehicle, the outer
contour of the vehicle is simulated in the horizontal direction with adhesive tape from the adjacent
grid points near the vehicle front direction to the rear, and the grid points are marked on the adhesive
tape to replace the lower points. See Fig. B.11.

Fig. B.11 Marking of Grid Points Below Outer Contour of Vehicle
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B.2.11.7 If the grid points do not fall on the wiper structure, the upper outer contour of the vehicle
is simulated with adhesive tape, without regard to the wiper structure.
B.2.11.8 Remove points less than 50 mm from the side reference line, measured in the transverse
direction of the vehicle (Y direction), excluding points on the A-pillar side reference line. See Fig.
B.12.

Fig. B.12 Removal of Grid Points Less than 50 mm from Side Reference Line
B.2.11.9 The remaining grid points are used for evaluating the impact protection of vehicle to
pedestrian head. In the test, these grid points will be tested as target points.
B.2.11.10 For a vehicle equipped with the active pop-up bonnet system, the target points when the
bonnet is not deployed shall be taken.
B.2.12 Numbering of grid points in headform test area
B.2.12.1 The prefix "C" will be added to the child headform test grid points, and the prefix "A" will
be added to the adult headform test grid points.
B.2.12.2 The grid point at the intersection between the vehicle longitudinal centerline and the wrap
around distance of 1000 mm will be marked as C0,0.
B.2.12.3 The first number after the prefix represents the row and increases backward in turn, while
the second number after the prefix represents the column and increases in turn to the right side of the
vehicle and decreases in turn to the left side of the vehicle. See Fig. B.13.
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Fig. B.13 Numbering of Grid Points in Headform Impact Area
B.2.13 Marking of equal division area of headform test area
B.2.13.1 When the vehicle manufacturer does not provide the predicted results of grid points, mark
WAD1000, WAD1250, WAD1500, WAD1800, WAD2100 and WAD2300 according to the wrap
around distance measurement method defined in B.2.5, and then mark the headform test area
according to the method of equal division of areas in this section.
B.2.13.2 Starting with the WAD1000, measure the distance between the intersections of WAD1000
and the bonnet side reference line along the bonnet outer contour (measured between the two points
along the bonnet outer contour instead of along the WAD1000) using the flexible tape or flexible line.
Record this distance.
B.2.13.3 Divide this distance into twelve equal parts and mark the equally dividing points between
the two side reference lines.
B.2.13.4 The flexible line is in contact with the point at the frontmost end of the WAD1000. The
flexible line intersects with the two side reference lines in the transverse vertical plane of the vehicle.
Measure the distance between the two intersection points (measure directly between the two side
reference lines, rather than along the WAD1000). Record this distance.
B.2.13.5 Divide this distance into twelve equal parts and mark the equally dividing points between
the two side reference lines.
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B.2.13.6 Connect the corresponding twelve equally dividing points in the two measurements. These
connections intersect with the WAD1000 respectively. Mark the intersection points, as shown in Fig.
B.14.

Fig. B.14 WAD1000 Being Equally Divided into Twelve Parts
B.2.13.7 WAD1500, WAD2100 and WAD2300 are divided into twelve equal parts with the
methods in Steps B.2.13.2 to B.2.13.6 respectively.
B.2.13.8 Connect the corresponding intersections of the WAD1000 and WAD1500.
B.2.13.9 Connect the corresponding intersections of the WAD1500 and WAD2100.
B.2.13.10 Connect the corresponding intersections of the WAD2100 and WAD2300, as shown in
Fig. B.15.
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Fig. B.15 Twelve Equally Divided Parts in Headform Test Area
B.2.13.11 The headform test area is equally divided into 18 equally divided areas. The 6 equally
divided areas near the front of the vehicle are marked as C1, C2, C3, C4, C5 and C6 from the right
side of the vehicle to the left side of the vehicle in turn. The 6 equally divided areas near the
windshield are successively marked as W1, W2, W3, W4, W5 and W6 from the right side of the
vehicle to the left side of the vehicle; the 6 equally divided areas in the middle are marked as A1, A2,
A3, A4, A5 and A6 from the right side of the vehicle to the left side of the vehicle in turn.
B.2.13.12 The equally divided areas C1, C2, C3, C4, C5, C6, A1, A2, A3, A4, A5 and A6 are
divided into 4 zones respectively, and the equally divided areas W1, W2, W3, W4, W5, W6 are
divided into 2 zones respectively. The headform test area has 18 equally divided areas and 60 zones.
In each equally divided area, the upper row is marked as A and B from the right side of the vehicle to
the left side of the vehicle, and the lower row is marked as C and D respectively. The marking
method for each zone is shown in Fig.B.16. The zone marked in the equally divided area A3 is A3C,
and the zone marked in the equally divided area C4 is C4B.
B.2.13.13 Number the test point with the marking of the zone where the test point is located. For
the zone where the vehicle manufacturer adds test evaluation, the number of the test point shall
reflect the designated area. For example, the vehicle manufacturer designates C2B, C2C and C2D in
the equally divided area C2 as the zones for additional test evaluation, and the test point selected
during the test evaluation is in zone C2C, and then the test point number is C2C (bcd). See Fig. B.16.
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Fig. B.16 Marking of Equal Division of Headform Test Area
B.2.14 Marking of grid points in legform test area
B.2.14.1 On the upper reference line of the bumper, starting from the intersection of the longitudinal
center plane of the vehicle and the upper reference line of the bumper, mark each side of the vehicle
at intervals of 100 mm, which shall be measured horizontally in the transverse vertical plane of the
vehicle, until the edge of the legform test area. See Fig. B.17.

Fig. B.17 Marking of Grid Points in Legform Test Area
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B.2.14.2 When the outermost grid point marked in B.2.14.1 is more than 50 mm from the edge of
the legform test area, a grid point shall be additionally marked 50 mm outside the outermost grid
point. This 50 mm distance shall be measured horizontally in the transverse vertical plane of the
vehicle.
B.2.15 Numbering of grid points in legform test area
B.2.15.1 The grid point in the legform test area is prefixed with "L".
B.2.15.2 The grid point at the intersection of the vehicle longitudinal center plane and the upper
reference line of the bumper will be numbered as L0.
B.2.15.3 From the direction of the vehicle, the points on the right side of the vehicle longitudinal
center plane will be numbered respectively as L+1, L+2, L+3, etc., and the points on the left side of
the vehicle longitudinal center plane will be numbered respectively as L-1, L-2, L-3, etc. See Fig.
B.18.

Fig. B.18 Numbering of Grid Points in Legform Test Area
B.3 HEADFORM TEST
B.3.1 Predicted results in headform test area
B.3.1.1 Before the test, the vehicle manufacturer shall provide the management center with the
predicted values or color distribution diagram of the predicted results of all grid points in the
headform test area.
B.3.1.2
According to Table B.1, the HIC15 value of each grid point corresponds to the
corresponding color, and the color distribution diagram of the predicted results can be drawn
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according to the predicted results in the headform test area.
Table B.1 Color Comparison of Predicted Values in Headform Test
HIC15 Range

Color

HIC15<650

Green ■

650≤HIC15<1000

Yellow ■

1000≤HIC15<1350

Orange ■

1350≤HIC15<1700

Brown ■

1700≤HIC15

Red ■

B.3.1.3 Specific grid points in the headform test area shall be defined as default red or default green
in the predicted results. Default color grid points shall not be included in randomly selected grid
points, and will not be tested or participate in the calculation of correction coefficient of prediction
results.
B.3.1.3.1 The grid point on the A-pillar shall be defined as the default red unless the vehicle
manufacturer provides data to prove that the grid point headform test result HIC15 in this area is less
than 1700. The grid points on the A pillar refer to the grid points on the side reference line behind the
bonnet rear reference line.
B.3.1.3.2
green.

Windshield area grid points other than the following areas shall be defined as default

a) The windshield area within (including) 165 mm from the windshield mounting frame. This
165 mm shall be measured along the inner side of the windshield ceramic strip or the edge of the
windshield bottom (interior trim and other structures), whichever is closer to the center of the
windshield. See Fig. B.19.
b) Areas with other structures at the bottom of the windshield, or with other structures within
100 mm of the bottom of the windshield measured in the direction of the headform test speed
vector.

Fig. B.19 Windshield Edge Measurement
B.3.1.4 Before the test, verify the position of the default color grid points.
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B.3.1.5 Specific grid points in the headform test area where the results cannot be predicted shall be
marked with blue in the color distribution diagram of the predicted results.
B.3.1.5.1 The vehicle manufacturer shall provide the blue grid point test results and/or CAE results
to prove that the grid point test results cannot be predicted.
B.3.1.5.2 A single blue grid point or two adjacent blue grid points can form a blue area.
B.3.1.5.3 There shall be not more than 8 blue areas in the whole headform test area. The C-NCAP
laboratory can select any grid point in a certain blue area that may cause great injury to pedestrians to
carry out the test. The grid points in the blue area are all evaluated by the grid point test results, and
the color of the grid points in the blue area is obtained according to Table B.1.
B.3.1.5.4 The blue area shall not be included in randomly selected grid points, and will not
participate in the calculation of correction coefficient of prediction results.
B.3.1.6 When the manufacturer does not provide the predicted results in the headform test area, the
area division marking shall be carried out according to B.2.13, and the C-NCAP test assessment
department will select the position that may cause great injury to pedestrians for test evaluation.
B.3.2 Headform test program
B.3.2.1 Headform test program with predicted results in headform test area provided by the
vehicle manufacturer
B.3.2.1.1 Ten grid points will be randomly selected in the headform test area for verification test.
B.3.2.1.2 When the vehicle manufacturer considers it necessary to increase the number of test
points so as to obtain more accurate evaluation results, the manufacturer may propose to increase the
number of test points. The cost of increasing the test points and the blue area test points shall be
borne by the vehicle manufacturer, and the cost charging standard shall be specified in accordance
with the relevant cost charging rules of the testing organization. Not more than 10 test points shall be
added, and the added number of test points shall be proposed when the predicted results are
submitted.
B.3.2.1.3
All verification test points are randomly selected by the C-NCAP test assessment
department at the same time.
B.3.2.1.4 Except for blue grid points and default color grid points, all verification test points in the
headform test area shall be randomly selected by the C-NCAP test assessment department, and the
test point positions shall be random.
B.3.2.1.5 The test results of all verification test points will be used for calculating the correction
coefficient.

22

B.3.2.2 Headform test program without predicted results in headform test area provided by
the vehicle manufacturer
B.3.2.2.1 Before the test, the C-NCAP test assessment department shall randomly select 1 test point
in each equally divided area and not more than 18 test points.
B.3.2.2.2 The headform impactor shall be selected according to the requirements of B.2.7 at the
position of the test point.
B.3.2.2.3 The distance between the headform test point and the bonnet side reference line shall not
be less than 82.5 mm, and the distance between any two test points shall not be less than 165 mm.
When a certain zone is located on the A pillar and the distance between the area and the side
reference line does not meet the above requirements, no test will be conducted.
B.3.2.2.4 If, due to the distance requirement in B.3.2.2.3, the test cannot be carried out at the
position where the windshield base position may cause great injury to pedestrians, the zone is scored
according to the adjacent or symmetrical zone. The windshield base position refers to the plastic
ventilation cover plate, wiper and components that do not move with the bonnet opening.
B.3.2.2.5 The selection of test points shall be based on the degree of head injury, and the position
prone to the greatest injury shall be selected in each equally divided area. For the whole headform
test area, the distance between test points shall be considered during selection of test points.
B.3.2.2.6 Before the start of the test, when the vehicle manufacturer considers that the test point
selected in a certain equally divided area is not sufficient to reflect the performance of the equally
divided area, the vehicle manufacturer can designate an additional test to be conducted in the equally
divided area. The cost arising from the additional test shall be borne by the vehicle manufacturer, and
the cost charging standard shall be specified in accordance with the relevant cost charging rules of
the testing organization. The vehicle manufacturer shall designate the equally divided area where the
additional test point is located, and shall also designate the zone where the additional test point is
evaluated. The zone for additional test evaluation may be a certain zone, two zones or three zones of
the additional equally divided area. For the designated equally divided area for additional tests, the
C-NCAP test assessment department shall select 1 test point in the zone for additional test evaluation
and 1 test point in the zone for non-additional test evaluation, and select the position that may cause
great injury to pedestrians. The test point shall meet the requirements of B.3.2.2.3. The number of
additional tests designated by the manufacturer shall not be more than 8.
B.3.2.2.7 When the test point is located on the windshield and meets the default green requirement,
full marks will be obtained; when the test point is located on A pillar, it is considered as default red
and does not score points. The default test point may not be tested unless the vehicle manufacturer
provides proof that different test results will be obtained at the test point.
B.3.2.2.8 Two symmetrical points with the same structure can be simultaneously selected as test
points. The second test point will not be tested and will be evaluated based on the test results of the
first test point, unless the vehicle manufacturer can provide evidence that the test results of the two
test points are different, or the C-NCAP test assessment department believes that different test results
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will be obtained in the zone designated by the vehicle manufacturer for additional tests. An
agreement shall be reached before the test on whether the symmetrical point should be tested. In case
of disagreement, the C-NCAP test assessment department will decide whether to test or not
according to the actual situation.
B.3.2.2.9 At most 1 test point is selected in each equally divided area, and the zone where the test
point is located and the zone where no test point is selected are evaluated according to the test results
of the test point, except for the zone designated by the vehicle manufacturer for additional test
evaluation.
B.3.3 Headform test requirements
B.3.3.1 The selected grid test point shall be tested as the target point. For the active pop-up bonnet
system, the target point is selected in the non-working state of the system and tested in the actual
working state.
B.3.3.2 The centerline of the headform impactor shall pass through the target point. See Fig. B.20.

Fig. B.20 Schematic Diagram of Test Point as Target Point
B.3.3.3 In the test, the influence of gravity shall be considered. Under the action of gravity, the
flight trajectory of the headform impactor may deviate.
B.3.3.4 The positioning of the test system may be affected by the following parameters, and the
accurate position of the test system shall be determined according to the following parameters:
—Headform diameter;
—Free flying distance of headform;
—Headform impact angle;
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—Angle of bonnet at test point;
—Test speed.
B.3.3.5 When the headform impactor impacts the front structure of the vehicle, the impact speed
and impact angle of the headform impactor shall be ensured.
B.3.4 Headform impactor and sensor
B.3.4.1 Headform impactor
In the headform test, a 3.5 kg child headform impactor and a 4.5 kg adult headform impactor are
used.
B.3.4.2 Child headform impactor (see Fig. B.21)
The child headform impactor shall be made of aluminum, be of homogenous construction and be of
spherical shape. The diameter shall be 165mm±1mm. The mass shall be 3.5kg±0.07kg. The moment
of inertia with respect to the axis passing through the center of mass and perpendicular to the impact
direction shall be in the range of 0.008kgm²~0.012kgm². The center of mass of the headform
impactor including instrumentation shall be located in the geometric center of the ball with a
deviation within ±2mm. The ball shall be covered with a 14mm±0.5mm thick synthetic skin,
covering at least half of the ball.
B.3.4.2.1 Child headform instrumentation
A recess in the ball shall allow for mounting one triaxle or three uniaxial accelerometers; in the
measuring axis direction, the deviation between the accelerometer mounting block and ball center
shall be within ±10 mm, and in the perpendicular direction to the measurement axis, the deviation
between the accelerometer impact block and ball center shall be within ±1 mm. If three uniaxial
accelerometers are used, one of the accelerometers shall have its measuring axis perpendicular to the
mounting face A (see Fig.B.21) and its impact block shall be positioned within a cylindrical
tolerance field of 1 mm radius and 20 mm length. The centerline of the tolerance field shall run
perpendicular to the mounting face and its center point shall coincide with the ball center of the
headform impactor.
The remaining accelerometers shall have their measuring axes perpendicular to each other and
parallel to the mounting face A and their mounting block shall be positioned within a spherical
tolerance field of 10 mm radius. The center of the tolerance field shall coincide with the center of the
sphere of the headform impactor.
The instrument response value CFC is defined in ISO 6487:2002, and the CFC shall be 1000. The
CAC response value is defined in ISO 6487:2002, and CAC of the accelerometer shall be 500g.
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B.3.4.2.2 The first natural frequency
The first natural frequency of the headform impactor shall be more than 5000Hz.

Fig. B.21 Child Headform Impactor
B.3.4.3 Adult headform impactor (see Fig. B.22)
The adult headform impactor shall be made of aluminum, be of homogenous construction and be of
spherical shape. The diameter shall be 165mm±1mm. The mass is 4.5kg±0.1kg. The moment of
inertia relative to the axis passing through the center of mass and perpendicular to the impact
direction shall be within 0.010kgm²~0.013kgm². The center of mass of the headform impactor
including instrumentation shall be located in the geometric center of the ball with a deviation of
±5mm.
The ball shall be covered with a 14mm±0.5mm thick synthetic skin, covering at least half of the ball.
B.3.4.3.1 Adult headform instrumentation
A recess in the ball shall allow for mounting one triaxle or three uniaxial accelerometers; in the
measuring axis direction, the deviation between the accelerometer impact block and ball center shall
be within ±10 mm, and in the perpendicular direction to the measurement axis, the deviation between
the accelerometer impact block and ball center shall be within ±1 mm.
If three uniaxial accelerometers are used, one of the accelerometers shall have its measuring axis
perpendicular to the mounting face A (see Fig. B.22) and its impact block shall be positioned within
a cylindrical tolerance field of 1 mm radius and 20 mm length. The centerline of the tolerance field
shall run perpendicular to the mounting face and its center point shall coincide with the ball center of
the headform impactor.
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The remaining accelerometers shall have their measuring axes perpendicular to each other and
parallel to the mounting face A and their impact block shall be positioned within a spherical
tolerance field of 10 mm radius. The center of the tolerance field shall coincide with the center of the
sphere of the headform impactor.
The instrument response value CFC is defined in ISO 6487:2002, and the CFC shall be 1000. The
CAC response value is defined in ISO 6487:2002, and CAC of the accelerometer shall be 500g.
B.3.4.3.2 The first natural frequency
The first natural frequency of the headform impactor shall be more than 5000Hz.

Fig. B.22 Adult Headform Impactor
B.3.4.4 Rear face of headform impactor
A rear flat face shall be provided on the outer surface of the headform impactor which is
perpendicular to the direction of motion, and perpendicular to the measuring axis of one of the
accelerometers, and, as a flat plate, it can provide an attachment point for convenient installation of
the accelerometer and the propulsion system.
B.3.4.5 Calibration of headform impactor
The headform impactor shall meet the technical requirements specified in Section 3.5. The calibrated
impactor can be used for a maximum of 20 impact tests before re-calibrating. The impactor shall also
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be re-calibrated if more than one year has elapsed since the previous calibration or if the impactor
sensor output, in any impact, has exceeded the specified CAC.
B.3.4.6 Calibration of headform
B.3.4.6.1 The drop test calibration method is used for headform calibration. When calibration is
carried out according to B.3.4.6.3, the requirements of B.3.4.6.2 shall be met.
B.3.4.6.2 When the headform impactor drops from a height of 376mm±1mm according to the
provisions of B.3.4.6.3, the combined acceleration peak measured by the accelerometer installed in
the headform impactor shall meet the following requirements:
a) For the child headform impactor, it shall not be less than 245g and not be more than 300g.
b) For the adult headform impactor, it shall not be less than 225g and not be more than 275g.
B.3.4.6.3 The headform calibration procedure is as follows:
a) During calibration, the ambient temperature shall be 20°C±2°C, and the ambient relative
humidity shall be 40%±30%. Before the calibration test, the test impactor shall be placed in such
an environment for at least 4 h.
b) The headform impactor shall be suspended from a drop holder as shown in Fig. B.23.
c) The headform impactor shall be dropped from the specified height. The dropping method
shall be ensured that the instantaneous release of headform impactor and dropping onto a rigidly
supported horizontal steel plate. The steel plate shall be of a square with a thickness of over
50mm and an area of over 300mm×300mm; it shall have a clean and dry surface and a surface
roughness of 0.2µm~2.0µm.
d) When the headform impactor drops, the included angle between the rear surface of the
impactor and the vertical direction shall be the angle of the impactor during the test. The
suspension method of the headform impactor shall be ensured that it does not rotate during the
drop.
c) The drop test shall be performed three times, with the headform impactor rotated 120° around
its symmetrical axis for each test.
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Fig. B.23 Schematic Diagram of Headform Drop Test
B.3.5 Headform test procedure
B.3.5.1 Ensure that the vehicle has been prepared for the test according to the requirements of
Section B.1.
B.3.5.2 Ensure that the vehicle is in a normal driving attitude during marking.
B.3.5.3 Ensure that the headform, vehicle, launch system and data acquisition system have been
placed at a temperature of 16°C to 24°C for at least 2 h before the test.
B.3.5.4 To install the required headform on the launch system, the headform impactor shall be
selected according to the requirements of B.2.7
B.3.5.5 The headform test area defines the position of the test point, and the position of the test
point determines which headform impactor to use. When the test point is inconsistent with the first
contact point, the selection of the headform impactor is determined by the position of the test point.
For example, there is a test point on the windshield base between the wrap around distances of 1500
mm and 1700 mm. Although the first contact point is located at the rear edge of the bonnet, the test
shall be conducted by using an adult headform impactor.
B.3.5.6 Adjust the vehicle forward and backward to ensure the free flying distance of the headform.
B.3.5.7
angle.

Adjust the launch system so that the headform is launched to the test point at the correct
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B.3.5.8 The direction of the impact shall lie in the longitudinal vertical plane of the vehicle with an
accuracy of ±2º. When the vehicle is on the ground, the impact direction of the headform shall be
toward the rear lower part of the vehicle. The impact angle is 50º±2º relative to the ground reference
plane when the child headform is used for testing, and the impact angle is 20º±2º relative to the
ground reference plane when the child headform test point is located on or before the leading edge
reference line of the bonnet. If the test point is before the wrap around distance of 2100mm
(including WAD2100 mm), the impact angle is 65º±2º relative to the ground reference plane when
the adult headform is used for testing. If the test point is behind the wrap around distance of 2100
mm, the impact angle is 60º±2 relative to the ground reference plane. For the impact angle before the
first contact moment, the influence of gravity shall be considered.
B.3.5.9 The allowable deviation between the centerline of the headform impactor and the selected
grid point is ±10mm.
B.3.5.10 Set the launch system so that the speed at the first contact moment is 40km/h. The
accuracy of the speed measuring device is at least ±0.072km/h. For the speed measured at the first
contact moment, the influence of gravitational acceleration shall be considered.
B.3.5.11 Launch the headform impactor to start the test.
B.4 LEGFORM TEST
B.4.1 Legform test program
B.4.1.1 If the structures of symmetrical grid points on both sides of the vehicle are different, the
manufacturer shall provide data proof before the test starts.
B.4.1.2 The point selection principle of legform test is to select a grid point as the test point at every
other grid point starting from point L0 or L1.
B.4.1.3 By default, the structures on both sides of the vehicle are symmetrical. The C-NCAP test
assessment department randomly chooses one of the two symmetrical grid points to test.
B.4.1.4 For grid points that have not been tested, the two adjacent grid points with poor test results
shall be selected for evaluation.
B.4.1.5 When a vehicle manufacturer considers it necessary to increase the number of test points to
obtain a more accurate evaluation result, or considers that the symmetry is not applicable to some
grid points, the manufacturer may designate additional test points. The designated test points shall be
designated separately for the two possible initial test points L0 and L1 before the test starts.
B.4.2 Legform impactor and sensor
B.4.2.1 aPLI legform
B.4.2.1.1

The aPLI legform shall be composed of the skin, muscles, femur, tibia, knee and
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Simplified Upper Body Part (SUBP). The total mass of the impactor is 24.7kg±0.3kg. The outside
dimensions of the impactor are shown in Fig. B.24. Seen from the side view of legform, the sections
of femur and tibia decrease from top to bottom, and the section of femur is larger than that of tibia, as
shown in Fig. B.25 and Fig. B.26. SUBP is externally wrapped by muscles made of synthetic rubber.
In front view, the upper width is 200mm±2mm, the lower width is 142mm±2mm, and the height is
222mm±2mm, as shown in Fig. B.27 ..
B.4.2.1.2 The mass of the femur (excluding the outside integrally formed muscle, but including the
upper arc impacting part and its related muscles and legform fixing device) is 4.3kg±0.1kg. The mass
of the tibia (excluding the outside integrally formed muscle, but including the lower protective cover
and the legform fixing device) is 2.4kg±0.1kg. The mass of the knee (excluding the outside integrally
formed muscle, but including the connecting parts with the leg) is 2.75kg±0.1kg. The mass of SUBP
(including the muscles fixed on it and the pivot shaft pin) is 11.3kg±0.3kg. The total mass of the
femurs, tibia and knee is 9.45kg±0.3kg. The centers of mass of femur, tibia and knee (same as above)
are respectively 875mm±10mm, 205mm±5mm and 495mm±5mm above the bottom of the legform.
The center of mass of SUBP is 961mm±10mm above the bottom of the legform. The center of mass
of aPLI legform is 780mm±10mm above the bottom of the legform. The moment of inertia of SUBP
relative to the X axis through its center of mass is (0.0850±0.004)kg*m2.

Fig. B.24 Legform Structure and Dimensions
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Fig. B.25 Side View of Femur and Tibia

a Femur section dimensions

b Tibia section dimensions

c Knee section dimensions

Fig. B.26 Sections of Femur, Tibia and Knee at Knee Position

Fig. B.27 SUBP Dimensions
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B.4.2.1.3 During each test, the impactor shall be wrapped with the integrally formed synthetic
rubber muscle and neoprene skin, and the integrally formed muscle mass is 3.1kg±0.15kg, as shown
in Fig. B.28.
B.4.2.1.4 All parts of the test impactor shall be stored in a storage area with a constant temperature
of 20°C±4°C before the impactor is used for testing. After being taken out of storage area, the
impactor shall not be exposed to environments outside the conditions of the test area.

Fig. B.28 aPLI Skin and Muscle
B.4.2.2 aPLI legform instrumentation
B.4.2.2.1 Four bending moment sensors are installed on the tibia. The distance between the sensor
placement position and the knee joint center position is: tibia-1: 134mm±1mm, tibia-2:
214mm±1mm, tibia-3: 294mm±1mm and tibia-4: 374mm±1mm. Three bending moment sensors are
installed on the femur. Distance between sensor placement position and knee joint center position:
femur-1: 137±1mm, femur-2: 217mm±1mm, femur-3: 297mm±1mm. The sensor measures the
bending moment of legform X axis, as shown in Fig. B.29.
B.4.2.2.2 The knee is equipped with 5 sensors, 3 of which measure the extension of MCL, ACL and
PCL respectively, and 1 accelerometer and 1 angular velocity sensor, which measure the impact
force in Y direction and deformation in X direction of legform respectively. The upper part is
equipped with 6 sensors as standard: 3 accelerometers and 3 angular velocity sensors to monitor the
change of impact force and free flight attitude of the upper part in X, Y and Z directions respectively.
See Fig. B.29.
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Fig. B.29 aPLI Instrument Location
B.4.2.2.3
See ISO6487:2002 for the definition of instrument response value CFC (Channel
Frequency Class); CFC shall be 180 for all sensors. See ISO6487:2002 for CAC (Channel Amplitude
Class) response value, with knee ligament extension of 38mm, tibia bending moment of 400Nm and
femur bending moment of 600Nm. This does not require impactor itself to feature the performance to
reach the bending moment and elongation.
B.4.2.2.4 Assessment interval of aPLI legform is a specific period of time within 60ms from the
first contact of the aPLI legform with the vehicle. The peak of bending moment of the legform and
knee ligament elongation should be obtained within the assessment interval, but except the abnormal
bending moment peak in the legform bending moment time history curve.
B.4.2.3 aPLI Legform Calibration
B.4.2.3.1 The aPLI legform is calibrated with the dynamic impact calibration method.
B.4.2.3.2 When the calibration test of aPLI legform impactor is carried out in accordance with
B.4.2.3.4, the following requirements shall be met:
a) Dynamic impact calibration for aPLI legform knee joint center position:
—The value of the tibia maximum bending moment value shall not be less than 297Nm and not
more than 328Nm for bending moment 1, not less than 245Nm and not more than 267Nm for
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bending moment 2, not less than 161Nm and not more than 193Nm for bending moment 3, and
not less than 88Nm and not more than 117Nm for bending moment 4.
—The value of the maximum bending moment of femur shall not be less than 160Nm and not
more than 204Nm for bending moment 1, not less than 125Nm and not more than 179Nm for
bending moment 2, and not less than 94Nm and not more than 135Nm for bending moment 3.
—The value of knee ligament elongation shall not be less than 11.4mm and not more than
16.7mm for MCL.
b) Dynamic impact calibration at position 120mm above the center of aPLI legform knee joint:
—The value of the tibia maximum bending moment value shall not be less than 208Nm and not
more than 245Nm for bending moment 1, not less than 186Nm and not more than 226Nm for
bending moment 2, not less than 131Nm and not more than 162Nm for bending moment 3, and
not less than 63Nm and not more than 82Nm for bending moment 4.
—The value of the maximum bending moment of the femur shall not be less than 226Nm and
not more than 289Nm for bending moment 1, not less than 183Nm and not more than 237Nm
for bending moment 2, and not less than 131Nm and not more than 197Nm for bending moment
3.
—The value of knee ligament elongation shall not be less than 20.0mm and not more than
24.0mm for MCL.
c) The above results shall be obtained within 60ms from the moment of impact.
B.4.2.3.3 The aPLI legform calibration cycle shall be as follows.
B.4.2.3.3.1 After each aPLI legform calibration, a maximum of 20 impact tests shall be conducted.
B.4.2.3.3.2 After each aPLI legform calibration, the legform will be used for up to 12 months.
B.4.2.3.3.3 When aPLI legform exceeds CAC in the test, it shall be calibrated again.
B.4.2.3.3.4 Every 12 months, aPLI legform shall be statically calibrated according to the legform
instruction manual annually.
B.4.2.3.4 aPLI legform calibration procedure
B.4.2.3.4.1 During calibration, the ambient temperature shall be 20°C±2°C. Hang the aPLI legform
to keep it vertical, as shown in Fig. B.30
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a) Dynamic impact calibration of legform knee joint center position

b) Dynamic impact calibration at position 120mm above the center of legform knee joint
Fig. B.30 aPLI legform dynamic impact calibration
B.4.2.3.4.2 The linear guided aluminum honeycomb impactor impacts the vertically suspended
aPLI leg knee joint center or the position 120 mm above the knee joint center at a speed of
11.1m/s±0.2m/s. The aluminum honeycomb surface is covered with a thin paper coat with a
thickness of not more than 1mm, and the legform shall be in a free flight state within 15ms from the
moment of first contact with the aluminum honeycomb impactor.
B.4.2.3.4.3 Aluminum honeycomb 5052 is affixed on the front of movable impacting device. The
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aluminum honeycomb is 200mm±5mm wide, 160mm±5mm high, and 60mm±2mm thick, and the
collapsing strength is 0.517×(1±10%)MPa. The honeycomb dimension of aluminum honeycomb is
6.35mm or 4.76mm and its density is respectively 36.8kg/m3 or 32kg/m3.
B.4.2.3.4.4 The upper edge of the aluminum honeycomb is in the same straight line with the rigid
plate of the linear guided impactor. At the first contact moment, the upper edge of aluminum
honeycomb is on the same horizontal plane as the knee joint center or the position 120mm above the
knee joint center, with the vertical deviation not exceeding ±2mm. Prior to impact test, aluminum
honeycomb shall be free from deformation.
B.4.2.3.4.5 At the first contact moment, the aPLI roll angle (rotation around the Y axis) and the
aluminum honeycomb impactor speed vector shall not deviate by more than ±2° in the transverse
vertical plane of the vehicle. The deviation of the aPLI pitch angle (rotating around the X axis) and
the pitch angle of aluminum honeycomb impactor in the longitudinal vertical plane of the vehicle
shall not exceed ±2°. The deviation of the aPLI yaw angle (rotating around the Z axis) and the
aluminum honeycomb impactor speed vector yaw angle shall not exceed ±2°.
B.4.3 Legform test procedure
B.4.3.1 Ensure that the vehicle has been prepared for the test as required in B.1.
B.4.3.2 Ensure that the vehicle is in a normal driving attitude during marking.
B.4.3.3 Ensure that the lower legform, vehicle, launch system and data acquisition system have
been placed at 16°C to 24°C for at least 4 h before the test.
B.4.3.4 Adjust the direction of the vehicle to ensure that the launch system launches the lower
legform in a plane parallel to the vertical plane of the longitudinal center of the vehicle.
B.4.3.5 Adjust the vehicle forward and backward to ensure the free flying distance of the lower
legform.
B.4.3.6 The bottom of the impactor shall be 25mm±10mm above the ground reference plane at the
first contact moment. When setting the recommended system height, it is necessary to consider the
influence of gravity during the period of free flight of the impactor. See Fig. B.31.
B.4.3.7 When the impactor hits the bumper, the speed is 40km/h. The impact speed shall be
obtained from the measuring instrument at the first contact moment. The accuracy of the speed
measuring device is at least ±0.072km/h.
B.4.3.8 The direction of the impact speed vector shall be in the horizontal plane and parallel to the
longitudinal vertical plane of the vehicle. The deviation of the direction of the speed vector between
the horizontal plane and the longitudinal plane at the first contact moment shall not exceed ±2°. The
axis of the impactor shall be perpendicular to the horizontal plane, and the deviation between the
lateral plane and the longitudinal plane shall not exceed ±2°. The longitudinal plane and the lateral
plane are orthogonal to each other.
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B.4.3.9 At the first contact moment, in order to ensure the accurate operation of the knee, the
rotation angle deviation of the impactor around the vertical axis shall not exceed ±2°.
B.4.3.10 The lower legform bending moment shall not exceed ±10Nm at 30ms before impact.
B.4.3.11 At the first contact moment, the deviation of the distance between the centerline of the
impactor and the selected test point shall not exceed ±10mm. The laboratory can use the
measurement points of multiple tests to prove that the test meets the accuracy requirements specified
above.
B.4.3.12 During the contact between the impactor and the vehicle, the impactor shall not contact the
ground or anything other than the objects on the vehicle.
B.4.3.13 Launch the legform to start testing.

Fig. B.31 Legform Impact Vehicle Test
B.5 TEST OF VEHICLE WITH ACTIVE POP-UP BONNET SYSTEM
B.5.1 Preparation prior to test
B.5.1.1 For a vehicle equipped with active pop-up bonnet system. If it is necessary to evaluate when
the active pop-up bonnet system is in its working state, the vehicle manufacturer shall give feedback
when receiving the C-NCAP test notice, and provide the management center with relevant data of the
active pop-up bonnet system required in this section before the test starts.
B.5.1.2 The vehicle manufacturer shall provide all the information required in the Testing Methods
to the management center, including the working principle and working state information parameters
of the active bonnet system. The C-NCAP test assessment department decides whether to start the
active bonnet system during test evaluation according to the information provided by the enterprise.
B.5.1.3 The submitted data shall include the basic function information parameters, induction,
triggering and deployment state parameters of the active bonnet system.
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B.5.1.4 In order to ensure that the test can be completed as planned, the enterprise shall submit
sufficient data, including the replacement instructions of vulnerable parts, system triggering
conditions, health hazard details, and parts required for the test.
B.5.1.5 If the data of the active bonnet system is missing or there is not enough information, or the
requirements of C-NCAP are not met, the active bonnet system will not be started during evaluation
of the test vehicle.
B.5.2 Pedestrian detection
B.5.2.1 PDI2 can be used as the hardest-to-detect pedestrian dummy for evaluating the detection
capability of the active bonnet system, and the hardest-to-detect certification of PDI2 specified in
B.5.2.2 is not required. The test shall be performed in accordance with the provisions of B.5.2.3, and
the response time (TRT) of the active bonnet system shall be measured, which is equal to the sum of
the sensing time (ST) and the deployment time (DT) of the active bonnet system.
B.5.2.2 If the vehicle manufacturer believes that the PDI2 is not appropriate to be used as the
hardest-to-detect pedestrian dummy, the manufacturer should demonstrate the sensing system's
ability to detect pedestrians of different statures for whom the active bonnet system provides
protection. The pedestrian dummies of different statures can be the 6-year-old child dummies,
Hybrid III 5th percentile female dummy, Hybrid III 50th percentile male dummy or 95th percentile
male dummy. A combination of physical testing and numerical simulations should be used to
demonstrate the sensing system's ability to detect pedestrians of different statures.
B.5.2.2.1 The manufacturer can use the numerical simulation method to identify the hardest-todetect (HTD) pedestrian dummy of the active bonnet system and complete contents specified in
B.5.2.1 by using hardest-to-detect pedestrian dummy. The numerical simulation results should
include the system's detection response information for PDI2 and the head impact time for dummies
of different statures.
B.5.2.2.2 Dummies with different statures shall be subject to at least twice of numerical simulation
analysis (not more than 8 times in total), to determine the hardest-to-detect (HTD) pedestrian dummy
and use it for testing. Pedestrian dummies of different statures are described in B.5.2.2.
B.5.2.2.3 The vehicle manufacturer shall declare that the dummy model is accurate, and provide
documentary evidences, such as the biological simulation performance and dynamic characteristics
of the dummy model.
B.5.2.2.4 The pedestrian's standing posture shall ensure that the pedestrian faces the direction
perpendicular to the centerline of the vehicle, with the two legs apart and the rearward leg being
impacted by the bumper first. The gap between two feet (heel to heel) should meet the following
requirements:
6YO P = 190 ± 10mm;
5th P = 245 ± 10mm;
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50th P = 310 ± 10mm;
95th P = 337 ± 10mm.
Similarly, the outer contour of the bumper that first hits the leg shall be simulated.
B.5.2.2.5 The H-point height above the ground when the dummy model is in the standing position
with shoes is recommended to be:
95th P: 1040mm ± 5%;
50th P: 938mm ± 5%;
5th P: 820mm ± 5%;
6YO P: 610mm ± 5%.
B.5.2.2.6 The frictional factor between the feet and the ground shall be set at 0.3±0.1.
B.5.2.2.7 During numerical simulation, the active bonnet system defined by the manufacturer shall
be used to deploy the low threshold impact speed.
B.5.2.2.8 When the numerical simulation is conducted for the dummy of each stature, two different
bumper positions shall be selected, namely the centerline of vehicle and the edge of the legform test
zone.
B.5.2.2.9 The numerical simulation outputs shall clearly indicate the ability of the active bonnet
system to detect pedestrians of different statures. The output parameters of the numerical simulation
results shall include at least the bumper's impact force, effective mass, impact energy, and bumper's
amount of intrusion.
B.5.2.2.10 The effective mass shall be calculated according to the following method. Assuming that
the vehicle has the maximum impact force when the legform speed is 0m/s.

In the formula: Me = Effective mass (kg);
F = Impact force (N);
∆v= Speed change (m/s);
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dt = Time increment (s);
t1= First contact moment (s);
t2 = Time of peak force (s).
B.5.2.2.11 When the active bonnet system is triggered before the impact force of the bumper beam
reaches the peak value, the calculation method shall be as follows:

In the formula: Me = Effective mass (kg);
F = Impact force (N);
a = Legform acceleration (m/s2);
dt = Time increment (s);
t1 = First contact moment (s);
t2= System triggering moment (s).
B.5.2.2.12
When calculating the effective mass, only the X axis direction of the vehicle is
considered. The significant structures that act upon the legform should be considered, such as the
bumper beam and the upper or lower support beams. Less significant structures such as grills may be
ignored. Viscous effects can be ignored.
B.5.2.2.13 According to the form of the sensing system, the parameters that are suitable for
describing the information of the hardest-to-detect pedestrian dummy shall be selected from the
outputs required in B.5.2.2.9. The triggering parameters shall be consistent with the sensing time
(DT) of the active bonnet system.
B.5.2.3 Physical testing methods should be used to verify the capability of the active bonnet system
for the detection of pedestrians. During the test, for pedestrian dummies that are larger and heavier
than 50% male dummies, legform impactors can be used as substitution, so as to verify that the
active bonnet system can deploy normally when the vehicle impacts larger stature pedestrians.
B.5.2.3.1 To ensure that the vehicle is capable of detecting pedestrians effectively across the full
bumper width, at least three verification tests should be performed in the legform test zone.
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B.5.2.3.2 See the test program as shown in Table B.2.
Table B.2 Test Program
Test

1

2
3
4*

Impactor

Impact position

Speed

Output

① The position where the sensor is located ±50mm (such
as acceleration sensors). If the sensing system is a
combination of a strip contact switch and an acceleration
PDI2 or HTD
LT ± 2km/h
sensor, the impact position will be where the acceleration
sensor locates.
① High
② Central position of the vehicle: an sensing system
speed film;
without local sensors (such as contact switches).
② Trigger
Left or right end of the legform test zone, with the deviation
time;
PDI2 or HTD
LT ± 2km/h
of the impact position being ± 50mm.
③ Initiation
time of
The farthest position from the sensor ± 50mm (perform if
PDI2 or HTD
LT ± 2km/h
deployment
not tested already at the position).
The position where the sensor is located ± 50mm (such as
aPLI, FLEX-PLI
the acceleration sensor) or the position that is likely to
and TRL lower
40km/h ± 2km/h
produce a large acceleration to the impactor (the sensing
legform
system without a local sensor).
Note: HTD: The hardest-to-detect dummies; LT: The lower threshold speed.
* The impactor used in Test 4 can be selected by the manufacturer.

B.5.2.3.3 The C-NCAP shall at least witness or carry out Test 3 to verify that the active bonnet
system can be deployed normally at lower threshold speeds.
B.5.2.3.4 The test should be performed again when test speed is below the lower threshold speed or
the impact position is outside the legform test zone and the active bonnet system does not deploy.
During the test, it needs to ensure that the test speed is not less than the lower threshold speed, and
the impact position is not outside the legform test zone.
B.5.2.3.5 The results of all physical tests should at least include the following information:
a) High-quality high speed film: showing the entire test process;
b) Documentary evidence of the test position: using paint marks and taking photographs for
recoding;
c) The actual test speed: it is allowed to use speed measurement meters for recording;
d) Trigger time of the actuator (current clamp/ECU);
e) Evidence of deployment initiation of the bonnet system, such as high speed films showing the
first movement of the bonnet top.
B.5.2.3.6 During the first test, it is necessary to ensure that the pedestrian protection system is fully
functional from the sensing systems to the bonnet actuators or pedestrian airbag squibs. During the
first test, it is acceptable to mark the working status of the system using flashing lights. If flashing
lights can accurately mark the moment of bonnet deployment or the pedestrian airbag squib, and the
bonnet pops up or the pedestrian airbag is deployed normally, then other tests may use flashing lights
to verify whether the system has actuation triggering signal.
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B.5.3 Deployment time of the active bonnet system
B.5.3.1 The grid points not affected by the active bonnet system shall be tested statically.
B.5.3.2 If the vehicle manufacturer has demonstrated by numerical simulations or other alternative
means that (at the vehicle speed of 45km/h) the bonnet system is fully deployed and remains in the
intended position prior to the head impact time of the smallest stature pedestrian, then all headform
tests can be performed with the bonnet in the fully deployed condition. There will be no need to
trigger any active unit during tests, with the exception of the pedestrian protection airbags.
B.5.3.3 If the active bonnet system cannot be fully deployed in the head impact time (HIT) for the
pedestrian of a certain stature, grid points forwards of the corresponding wrap around distance
should be tested dynamically. For all vehicles equipped with active bonnet systems, the manufacturer
should provide the relation diagram of the wrap around distance and the heat impact test (HIT).
B.5.3.3.1 The Head Impact Time (HIT): Refers to the specific time period from the moment of
initial contact between the vehicle and the person outside the vehicle, to the moment of initial contact
between the head of the person outside the vehicle and the front structure of the vehicle (bonnet or
pedestrian airbag).
B.5.3.3.2 The head impact time (HIT) is obtained by the vehicle manufacturer through numerical
simulation or other optional methods. The manufacturer shall provide the proof of accuracy of the
head impact time (HIT) and its acquisition method.
B.5.3.4 For the active bonnet systems that cannot permanently maintain the deployed position, the
dynamic test shall be performed.
B.5.3.5 The same CAE model/ code and the pedestrian posture defined in B.5.2.2 shall be used to
locate the pedestrian at the center of the vehicle for numerical simulation analysis.
B.5.3.6 The vehicle manufacturer should determine the wrap around distance for each test position
and the head impact time (HIT) for pedestrians of relevant statures. The HIT corresponding to a test
point can be obtained through the WAD vs HIT chart in Annex 3-2 of the Management Regulation
by using the linear interpolation method.
B.5.4 Protection of pedestrian against vehicle impact at lower threshold speed
B.5.4.1
Vehicles equipped with active bonnet systems shall also be able to provide impact
protection to pedestrians when the speed is below the lower threshold speed.
B.5.4.2 The headform test zone to be assessed includes all grid points that are 50 mm and above
inwards from the side reference line and that are 50 mm inwards from the outside of the bonnet
closing line. The above distances shall be measured along the Y axis direction of the vehicle, as
shown in Figure B.32.
B.5.4.3

The headform test zone to be assessed includes all grid points that are between the
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WAD1000 and the rear edge of the movable bonnet top. Child headform grid points are from the
WAD1000 to the WAD1700 (including WAD1700), and adult headform grid points are from the
back of the WAD1700 to the rear edge of the movable bonnet top.
B.5.4.4 If only partial areas of the active bonnet system are to be tested under the completely
deployed condition (depending on head impact time), then the headform test zone under
consideration should be all grid points that are located between the rear edge of the movable bonnet
top and 50mm forward from the front edge of the test zone of the system that will be tested under the
completely deployed condition.
B.5.4.5 The vehicle manufacturer shall provide the Management Center with the HIC15 value or
the color distribution diagram of the grid points of the headform test zone. The provided data should
indicate the grid points that are predicted to be green, yellow or orange at 40km/h within the
assessment area mentioned above, and the HIC15 values should be not more than 1,350 at the lower
threshold speed.
B.5.4.6 At the lower threshold speed, for not less than 2/3 of grid points within the assessment area
mentioned above, the HIC15 values should not exceed 1,000.
B.5.4.7 At the lower threshold speed, the results data of the color distribution diagram should be
provided for each grid point according to the following determination criteria: HIC15 < 1,000 =
Yellow; 1,000 <HIC15 <1,350 = Orange.
B.5.4.8 The C-NCAP Test Assessment Department should randomly select not more than three grid
points to verify the headform test results provided by the manufacturer in the assessment area
mentioned above at the lower threshold speed.
B.5.4.9 If the vehicle under assessment cannot meet any requirement in B.5.4.5-B.5.4.7, then tests
should be performed with the active bonnet system under the undeployed condition.

Figure B.32 Areas Meeting the Low Speed Requirements
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B.5.5 Protection of pedestrian against vehicle impact at high speed
B.5.5.1 All active bonnet systems should be capable of initiating at the speed of 50km/h. The
vehicle manufacturer should provide evidence to demonstrate that the system can initiate at the speed
of 50km/h. It is not necessary for a system to be fully deployed before the pedestrian's head contacts
the bonnet when the active bonnet system initiates at the speed of 50km/h.
B.5.5.2 When the test is performed by using the impactor specified in B.5.2 at the speed of 50km/h,
the active bonnet system should be capable of initiating, and the outputs of the test should meet the
requirements in B.5.2.3.5.
B.5.5.3 The test should be performed at the center position of the vehicle. For vehicle installed with
localized sensor (such as acceleration sensors), it is necessary to perform the test as far from the
sensor as possible in the legform test zone.
B.5.6 Bonnet deformation due to body loading
Compared to passive bonnet systems, the peripheral support of the active bonnet system is weaker,
and the impact protection of the vehicle against the pedestrian's head shall not be affected by the
compressed bonnet.
B.5.6.1 Measure and compare the Z-axis direction deformation at the position of headform impact
for both a deployed and an undeployed bonnets at first time of headform contact. At the position of
headform impact, the deformation difference between deployed and undeployed bonnets should not
be more than 75% of the deployment height at the position, as shown in Figure B.33.
B.5.6.2 The bonnet deformation can be evaluated by using the CAE calculation method, and the
CAE model should not include the engine and its ancillaries, but should include the structure of body
in white, bonnet's support structure and all components that support pedestrian legs and pelvis.
B.5.6.3 The deformation at the point of headform impact under the deployed condition of bonnet
should not exceed the valid clearance between the deployed bonnet and the hard point under the
bonnet, such as, (h2 + h3) -z2> 0, as shown in Figure B.34.
B.5.6.4 It is necessary to perform numerical simulations at 40km/h. It is necessary to select the
dummy of the appropriate size that loads the least support of the bonnet top in accordance with the
specific size of the vehicle. For example, on a small vehicle with a short bonnet, the 50% dummy
contacts the rear edge of the bonnet top. Therefore, a dummy with a smaller stature shall be used.
B.5.6.5 Position the pedestrian's head on the vehicle centerline as per the stance of the dummy
described in B.2.2.3.1.4.
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Figure B.33 Comparison of Deformation of Deployed and Undeployed Bonnets

Figure B.34 Deformation Requirements of the Bonnet
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