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Instruction Manual

Force Transducer/Impact Hammer Type 8203

The Force Transducer/Impact Hammer Type
8203 Is a structural testing kit specifically
designed for force messurements on light-
weaight and delicate structures. The force
transducer can be used aither to measure the
force applied to a structure fram, for example
an exciter, or it can be used with the hammer
kit for impact force measurement. With the
addition of an accelerometer and a lrequency
analyzer, the force transducer/hammer kit
can be used to measure the frequency re-
sponse function of a structure. The kit con-
tains a single force transducer, a hammer kit
for impact testing, a stinger kit, a cable and
accessories to aid mounting.
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HANDLING PRECAUTIONS

® The force transducer must not be subjected to temperatures above 150°C as a per-
manent change in the sensitivity of the force transducer will result,

® The force transducer is supplied preleaded to precisely 1000M. The preloading nuts
should not be disassembled unless the transducer is to be used with the impact
hammer kit. See Chapter 3.

® The force transducer must not be dropped as the impact could cause permanent
damage to the piezoelectric discs within the force transducer.
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Force Transducer/Impact Hammer — Type 8203

LISES: FEATURES:
2 Dynarnic and impact force measuremenis on small i Good linearity
structures

3 Measurement of frequency responze functions

i Long term stability

using both impact and continuous excitation

O Compact size

Al welded construction

technigues
7 ' ' i1 i 1 alibue
0 As part of a dynamic structural testing system for 2 Individually calibrated
modal analysis and the pradiction of structurs o Easily mountad
response S

The Foree Transducer/Impact Ham-
mer Tvpe 8203 is a structural testing
kit specilically designed [or use with
lightweight and delicate structures.
The force transducer messures the
foree applied to the structare. It may
be connected 1o the hammer kit for
impact testing or to a small exciter
Csuch as the Brilel & Kjaer Tyvpe 45100
via the stinger kit supplied.

Foree Transducer

The force transducer iz designed o
measure dynamic and impact forces.
It is preloaded o precisely 1O0ON al-
lowing  compressive force  measure-
ments of up to LOOON and tensile
[oree mensurements of up to 250N
The transducer is mounted on the Lest
structure 50 that the foree to be mea
sured  Is  transmitted  theough  the
transcducer. When used with an sxeit
er, the tranzducer signal can he used
to measure and control the applied
force, The frequency response Dune-
Lion of the test structure can be mea-
sured by using a dual channel analyz-
er. The foree transducer is used to
measure the input force and an accel-
erameter (or laser veloeily transducer)
i5 used Lo messure the response of the
structure (Fig. 1). The charge output
of both the foree transducer and accel-
erometer must be amplified and con
verted to a voltage output hefore heing
connected Lo the dual channel analve

Easily attached to the stinger and hammer kils

er. The Charge Amplifiers Type 2635
shown in Fig, 1 or, alternatively, Line-
Dirive Amplifiers Tyvpe 2644 may be
used for this purpose, The Line Drive
Amplifier Twype 2644 2 a minaiure
amplifier with a fixed gain. It may he
powered either directly from the Dual
Channel Analvzer Tvpe 2082/2084 or
from the two channel Line-Dirive Sup
ply Type 2813

The transducer can be attached to
an exciter via the stinger (Fig, 2). The
stinger reduces the transmission of
lateral forces to the transducer, there
by protecting the transducer, exciler
and structure under test from damage.

The low mass of the foree transduoe-
er ensures thal when mounted on a
test structure, the resulting changes in

the dynamic properties of Lhe strue
ture are negligible,

The principle of operation ol Lhe
transducer is Lhe piezoelectric effect of
guartz. When the guartz s subjected
te a compressive or tensile force, it
produces an electrical charge which is
proportionsl te the applied force.

The guarte piezoslectric  element
has a very low sensitivity to tempera-
ture changes and temperature tran
sients, The force transducer can be
used in the range —196°C 1o [50°0C

Calibration of the Foree
Transducer

The force transducer is individually
calibrated and a calibration chart is
included with the instrument, The pi
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pzoelectric dizce are silicon treated
and artificially aged, This process en-
sures that the force transducer is sta-
hle and shaould require only occasional
recalibration,

The force transducer is calibrated
with the preloading nots  mounted,
The stated preloading force must be
applied for the calibration 1o be valid,
Typical charge sensitivity for the force
transducer when used with the pre-
loading nuts is 36 pCAN,

When used without the preloading
nuts, the charge sensitivity will de-
pend vpan the method of fixing the
foree transducer to the test structure
iusing, for example a retaining screw),
In this case, the set-up should ke cali-
brated as & whole by applving a test
ferce and measuring Lthe foree trans-
ducer aulpul,

Impact Hammer

A plastic tip and & steel Lip are sup-
plied with the hammer kit. The speci-
fications of the impact hammer are
mainly determined by the foree trans-
ducer and the choice of tip, An impact
from the hammer impartz a force to

A Steel Tip
= Flastic Tip

. — . —
00 20 3 4% 50 6D 70 80 9100 Time/us
Lol el

Frg 3 Impudse shapes for the tioo hammer
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the test structure with a continuous
excitation spectrum over & broad fre-
quency range. The handwidih of the
first lobe of the impact spectrom is
inversely proportional to the pulse
widih, This width is dependent on the
masz and structure of the hammer Tn
particular, the pulse width is depen
dent on the hardness of the 1ip and
impact ared, An example of the pulze
shapes obtained when impacting a
turbine blade with both the steel and
plazstic tips is shown in Fig. 3.

The impact hammer may be used,
for example, to investigate resonances
in structures as diverse as a turbine
hlade and cabinet of a dizsc drive. The
fores specira of impacts on an alumin-
inm plate using both hammer tips are
shivan in Fig. 4,

The construction of the hammer iz
lightweight and robust. The alumin-
ium shaft redoces the incidence of
double dmpact and the transducer
seating, which iz of rubber, 15 vulea.
nized to the shafl for strength, The
geating of the plastic tip iz made of
titanium to reduce lateral delormation
of the tip material during impact,
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Fig o, Force speclrum of an impact on an
afuminium plate wsing the steel Hip

Fig 20 Stroctweal testing sel-up wsing Lhe stinger ki

Calibration of the Impact Hammer
With this type of hammer, the impact
foree applied Lo the test structure is
always greater than ithe measured
foree. This is because the mass of the
Lip 15 in front of the tranadocer and
resultz in s eflect being excluded
Irom the measurement. The sensitiv-
ity of the impact hammer is therefore
lower than that of the force transducer
used alone. The ratio of these forces is
given b

FofFo = MAM — M)

where

F, = actual force inputl to structure
F., = meazured foree

M = effective mass of hammer plus
Lip

M, = effective mass of Lip

The effective mass differs (rom the
actual mass due Lo the finite stiffness
of the hammer and tip masses. A mea
surement of the actual masses would
therefore vield an incorrect resnalt, It is
nopossible Lo determine the effective
masses  directly. However, there are
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Fig. 4h. Foree spectrum of an Impact on an
alieminium plate using the Dlastic U




two methods of calibration which can
be vsed, These are as Tollows:

I. Standard transducer
2. Block of known mass

The standard  transducer method
vields an abzolute frequency response
function for the channel bheing cali-
heated. The ratio method using a
hlock of known mass involves the
measurement  of Lhe [Tequency e
aponse function for the entire mea-
surement chain and is preferred,

Ratio calibration of the Impactl
Hammer wsing a block of known
mass

A practical calibration set-up is shown
in Fig 5. A known mass iz suspended
to form & ballistic pendulum. An ac-
celerometer 15 mounted on one side of
the block, On the opposite side, an
impact force from the hammer s ap-
plied and directed through the centre
of the block. The impact force can he
determined lmom Mewlons second Lo

F=ma

Where “m” is the known mass of the
block and accelerometer and “a” is the
nstantanenus aceeleration messored
Simultanecus meazurement of the ac-
celeration and force signals will wvield
the inertance (also called accelerance)
frequency responze Tunetion,
Inertance = aceeleration/foree

This  function,  multiplied by Lhe
known mass of the block, gives the
ratio MAM — M} given above.

Impact testing

A quick method of performing tran
sicnt tests or determining frequency
response functions is to usge a hand
held bammer to impact the structiure,
The force transducer attached to the
hammer kit meazares the input force
and an acceleromeler mounted on the
structure measurez the reaponse. The
advantages of impact lesting ars;

L. Mo elshorate fixture for the test
stricture required.

2, Bmall amount of egquipment e
fuired.

4. I i the quickest method for low
noise environments,

4. Tocan be vsed in conlined spaces
where an exciter would not fit,

The disadvantages are

1. It has a wvery high crest [actor
which may drive the test structure

Application of Force Transducear
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heyond

Since there is little ener
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Use of Impact Hammer with Dual
Channel Analvzers

The Briel & Kjar Dual Channel Ana-
Ivzers Twvpe 2032 and 2034 have a
number of features which make them
ideally suitable for impact testing.
Theze features include:

L. Autoranging of the inpul for im-
pulse messurements to optimize
the signal-to-noise ratio.
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Automatic  rejection  of

loaded™ signals,

3. A wide range of time weighting
functions,  including  lransient
weighting, to improve the signal-
to-nodse ratio of the force signal;
and exponential weighting to re
duce leakage effectz and noize in
Lhe response signal (Fig 61

4. Advanced triggering facility

5. A pre-programmed set-up for im
pact testing.

&, Line-drive to enable the foree and

the rezponse tranaducers to bhe con-

necled directly Lo the Analyzer via

a line-drive amplifier such as the

Britel & Kjaer Type 2644,

(]

“over-

The Foree Transducer/Hammer se1 is
zhown in Fig. 7. [t contains a single
force transducer in a mahopany case
complete with hammer kit, stinger kit,
cable and accessories to aid mounting.

Specifications 8203

FORCE TRAMSDUCER TYPE B203:
Force range:
250 M tensile to 1000N compressive with pro-
leading nuts
1250MN compressive without preloading nuts
Linearity error: -1% of maximum force
Charge sensitivity*: [tvpical] 3.6 pC/H with
praloading nuts
Capacitance: (typical) 9pF
Leakage resistance (at 25°C) =107 M0
Stitiness:
1% 10% M/m with preloading nuts
2% 10* W/m without preloading nuts
Deformation of the transducer at maximum
force:
10 g with preloading nuts
| Bum without preloading nuts
| Resonance Irequency with 5 grams |oad
| mounted on top: (typloal)
21 kHz with prelcading nuts
A0kHz without preloading nuts
Effective seismic masa:
Above piezoelectric element (top):
1.1 g With preloading nuts
0.4 g without preloading nuts
Below piezoeleciric element (Base):
215 with predoading nuls
1.2 g without preleading nuls
Temperature range: —196°C o 15070
Temperature transient sensitivity: (lypical)
0EMNG

Fig, 7 Transducer!Hammer Set

Transyerse sensitivity: [Iypical]
Bending moment  sensitivity:
100 pCfhm

Max. Bending moment for stated hending
moment sensitivity: 0,5 mH

Strain  sensitivilty  (tep  and

= 0,002 NS pstraln wilth preloading nuts
Magnetic sensitivily al S50Hz: (lypical)
0,1 MeT

Material: Tihanlum and Steel (lype AIZ 302)
Weight:

3.2 g with preloading nuts

1.6g without preleading nuls

Dimensions:

Diameler: 3,0mm

Height:

15 Emm with preloading nuts

7ommowithout preloading nuts

{lypical)

base):

HAMMER:

Handle material: Anodized Aleminicm
Transducer seating: Rubbor

Weight:

Plastic lip: 0.3g

Sleel tip: 0.3g

Impact duration {on a heavy steel target):
Plastic tip: 100 us

Steel tip: 30 0=

Dimensions:

Length: 106mm

STINGER:
Chuck material: Monel
Max. tensile lorce: = 2500

ACCESSORIES INCLUDED:

L P N e E RPNt . 128 1 1< .
Steel Tip ... ... DB 3041
Flastic Tip .. LU 0205
Tip Mounting Screw..... LS 202
Prelaading Mut

M3 Thread, M2 SCrewW) e UG 5332
Preloading Mut

(M2 and M2 Thread)........ LA D248

DB 1425
V0 2004
A D0
A M EE

MIA0-532 UNS Adaptor
M3 Screw Tor DB 1435 (=2],
Tap for M3 Thread Lo,
Smm Spanner [<2) ... i
L —

Cuh, 002
For Stinger:
Slainless Steal Rod (=10)....... ... A 9284
ChucK For SRAaKer e vemnme .- DB 3146
Chuck for Transducer., ... LB 3147

Chuck Tightening Collar (=2, DE 3145
Instruction Manual
Calibration Chart

ACCESS0ORIES AVAILABLE:
Line-Drive Amplifier Type 2644
Line-Crive Supply Type 2813

* individual walues are given on ihe calbration chart,




2. FORCE TRANSDUCER

2.1. DESCRIFPTION

The Force Transducer Type 8203 is a compact and robust device which is designed to
operate in a wide temperature range. It is preloaded and may be used to measure
tensile forces of up to 250N and compressive forces of up to 1000 N without any varia-
tion in its characteristics. Use of the stinger kit ensures that dynamic modification of the
test structure is avoided. Ancther advantage of using the stinger kit is that the transmis-
sion of transverse and bending moment forces to the transducer are eliminated {thus
avoiding errors in the electrical output due to misalignment of the set-up).

Fig. 2.1 shows an exploded view of the Force Transducer Type 8203 with the stinger kit
An explanation of the components illustrated is given overleal.

M3z
LimEs
Adaptor

-

Slinger Clpces | 2 )
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Force Transcher
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Fig. 2.1. Exploded view of the Force Transducer Type 8203 with the stinger kit
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m FORCE TRAMSDUCER:

& STIMGER CHUCKS:

= STINGER ROD:

@ PRELOADIMNG MUTS:

® M3 STUD:

E M3N0-32 UNS ADAPTOR:

2.2, CALIBRATION

The force transducer is small, rugged and has an all welded construc-
tion. Typical charge sensitivity when preloaded is 3,6 pC/N. The force
transducer can be used for force measurements up to a maximum of
1000 N comprassive and 250N tensile.

The stinger chucks are used to connect the stinger rod between an
exciter and the test structure. Both chucks have a knurled collar for
finger tightening, and Smm flats to allow tightening using spanners.
Both chucks are made of a copper-nickel alloy.

The stinger rod de-couples the test structure from the exciter in all
degrees of freedom other than in the direction of the excitation force.
Undesirable dynamic modification of the test structure is thereby
avoided. Ten stainless steel stinger rods are supplied.

Both preloading nuts are provided with M3 threads for mounting onto
the stinger kit and for fixing to the test structure. One of the preload-
ing nuts has an M2 thread and the other an M2 screw. Both preloading
nuts are manufactured from stainless steel and have 5mm flats to al-
low tightening using spanners.

The stud can be used either to fix the force transducer to the test
structure or to the M3/10-32 UNS adaptor. The screw is provided with
a hexagonal socket for tightening to the force transducer.

This adaptor is used for attaching the force transducer to a structure
with a 10-32 UNS mounting point.

A full list of the accessories supplied is given in Chapter 1 - Product
Data.

Each force transducer is preloaded to precisely 1000N and individually calibrated before
leaving the factory. A calibration chart like that shown in Fig. 2.2 is supplied with each

Calibration Chart far
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. 2.2, Calibration chart for the Force Transducer Type 8203



transducer. The force transducer is stable and will therefore require only occasional
recalibration. Should the user wish to recalibrate the force transducer, then the method
of factory calibration described in Appendix 4.1 can be used.

2.3. MOUNTING THE FORCE TRANSDUCER
2.3.1. General Considerations

The force transducer must always be mounted with the arrow (on the side of the force
transducer) poeinting toward the test structure. This ensures that there is minimum trans-
ducer mass between the sensing element and the point of measurement, and thus mini-
mizes the measurement error. A theoretical explanation is given in Appendix 4.2,

The force transducer is designed to measure dynamic forces along its lengitudinal axis.
The area on the structure to which the force transducer is to be fixed must be clean,
smooth and carefully lined up. Bending moments and transverse forces can be tolerated
to some extent, but they will introduce errors and should thus be avoided if possible
(see Appendix 4.3).

2.3.2. Mounting Configuration

Caution: The force transducer must be tightened to the test structure using a spanner
applied to the preloading nut elosest to the test structure. Tightening using the other
preloading nut will cause an increase in the preloading force which may, in turn, result in
paermanent damage to the piezoelectric discs within the transducer.

Possible mounting configurations are almost limitless. The user may therefore devise a
specific mounting configuration to suit a particular application. The mounting configura-
tion will largely depend on the structure to be tested and on the method of testing,
However, the method of mounting shown in Fig. 2.3 will cover most applications.

|
P B— Stinger
—

\\.\\\

Fig. 2.3, Force transducer mounting configuration using the stinger
kit

Refer to Fig. 2.3 for a diagram of this mounting configuration. Bore and tap an M3
threaded hole at the selected measuring point in the structure to be tested, ensuring that
the surface to be drilled is perfectly flat and that the hole is drilled perpendicular to the
surface. Screw the M3 threaded stud YQ 2004 into the preloaded force transducer. To
improve the contact between the test structure and force transducer surfaces, spread a
small amount of oil or grease on the test structure at the measuring point. Screw the




complete transducer/stud assembly into the structure. The stinger kit can then be
mounted as described in section 2.4. Alternatively, an M3 threaded nylon stinger rod can
be made by the user and screwed directly into the force transducer as shown in Fig. 2.4.

- Threadea Mylon Stingar Fod

Forer Trassdudor —————fm

Fig. 2.4. Force fransducer mounting configuration wusing a threaded
nylon stinger rod

2.4. MOUNTING THE STINGER KIT
Caution: Be careful not to overtighten the stinger chuck when mounting it onto the force
transducer. Overtightening will cause an increased preloading force which may, in turn,
result in permanent damage to the piezoelectric discs within the force transducer.
The force transducer must be mounted so that the arrow on the side of the force trans-
ducer points toward the test structure, With reference to Fig. 2.1, mount the stinger kit
as follows:
1. Mount the force transducer as describad in section 2.3,

2. Mount the stinger chuck (M3 screw) onto the force transducer.

3. With reference to the caution given above, carefully tighten the stinger chuck to the
force transducer using the spanners supplied.

4. Screw the other stinger chuck into the vibration exciter,

k5l

Tighten the stinger chuck onto the vibration exciter using the 5mm spanner,

6. Cut one of the stainless steel stinger rods to the desired length and push the rod
ends into each of the chucks as far as they will go.

7. Finger tighten the knurled collar on each of the chucks,

8. Finally, carefully tighten the chucks using the spanner,

2.5. CABLE CONNECTION

The teflon insulated cable AC 0339 supplied can be used over the full temperature range
of the transducer. In very humid environments, it is necessary to seal the cable entry to
the force transducer. A sealant such as the Dow Corning Silastic RTV 738 (Briel & Kjaar
number AW 8858) can be used,



When making low level force measurements, the signal-to-noise ratio will be reduced
due to mechanically induced cable noise. To avoid this effect, it is useful to tape the
cable to the test structure as indicated in Fig. 2.5.
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Fig. 2.5. Clamping the transducer cable




3. IMPACT HAMMER

3.1. DESCRIPTION

¢

The hammer kit supplied allows the Force Transducer Type 8203 to be used for impact
testing on lightweight and delicate structures. Fig. 3.1 shows an exploded view of the
force transducer with the hammer kit. An explanation of the components illustrated is
given below.

> FORCE TRANSDUCER: The force transducer is small, rugged and has an all welded construc-

tion, In this illustration, the force transducer is shown without the pre-
lcading nuts.

& HAMMER TIPS Two hammer tips are supplied, one of steel and one of plastic. The

seating of each tip is provided with flats which accept a 5mm spanner,

# HAMMER SHAFT: The hammer shaft is made of anodized aluminium and a rubber collar

which has been vulcanized to the shaft holds the force transducer in
place. The cable from the force transducer is fed through the shaft to
exit at the base.

@ TIP MOUNTING SCREW: The tip mounting screw secures the hammer tips to the force

3.2, ASSEMBLY

10

transducer.

The hammer kit consists of an aluminium handle, two hammer tips (one of steel and one
of plastic) and a retaining screw. The hammer assembly is illustrated in Fig. 3.1.

[

Fig. 3.1, Exploded view of the Force Transducer Type 8203 with the
hammer kit



Note: Assembling the impact hammer involves remaoving the preloading nuts. The proce-
dure for any future reassembly is to slowly preload the force transducer until a charge of
3600 pC is output from the force transducer. If this method of preloading is inconveniant,
then a torque wrench can be used. In this case, a mounting torque of 0,6 Mm will preload
the force transducer to approximately 1000 M.

1. Bemove the preloading nuts using the spanners.

2. Place the selected hammer tip on the face of the force transducer indicated by the
arrow on the side of the force transducer.

3. Put the retaining screw through the centre hole of the force transducer and screw it
into the back of the hammer tip.

4. Lightly tighten the selected hammer tip and retaining screw together using the span-
ners supplied. Do not overtighten as too much torque could damage the retaining
screw thread.

5. Thread the transducer cable through the hammer handle and attach it to the force
transducer,

6. Finally, push the force transducer into the rubber collar of the hammer handle.

3.3. RATIO CALIBRATION
3.3.1. Description

The charge sensitivity of the impact hammer will always be less than that of the force
transducer. This is because the mass of the tip is in front of the force transducer and
results in its effect being excluded from the measurement. The impact hammer must
therefore be calibrated before use.

Calibration of an impact hammer invalves the measurement of the ingrtance (somatimes
called accelerance) function of a calibration bBlock of known mass. A typical measuring
arrangement is shown in Fig. 3.2. It is assumed that the calibration block has infinite
stiffness across the frequency range of the impact signal. An impact is applied to the
block by using the hammer. The resulting charge output from the hammer is used to
obtain the apparent impact force. An accelerometer at the opposite side of the block
maasures the instantaneous acceleration. If this acceleration is multiplied by the known
mass of the calibration block, then we obtain the actual impact force. The ratio of these
measurements can then be usaed to determine the sensitivity of the impact hammer.

A3 04

Dual Chasnel Analyrer ‘
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Charge smplifior
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Fig. 3.2. Ratio calibration of the impact hammer consisting of a cali-
bration block of known mass and an accelerometer

11



3.3.2. Procedure

12

To obtain the inertance function of the calibration block, it is necessary to process the
accelerometer and force transducer signals using a dual channel signal analyzer. The
Briel & Kjazr Dual Channel Signal Analyzer Type 2032 has a predetermined measurement
set-up for impact testing which allows the input signals from both the accelerometer and
force transducer to be weighted, improving the accuracy of the measurement. Transient
weighting must be used for both the force transducer and accelerometer signals in order
to remove any noise present after the input pulse and accelerometer response signals.
This process ensures that the signal-to-noise ratio of the measurements is maximized. A
Briel & Kjeer Dual Channel Signal Analyzer, two Brilel & Kjser Type 2635 charge amplifi-
ers, a Briel& Kjaer Type 4375 accelerometer and a 122g cylindrical calibration block
were used to make the measurements shown in Fig. 3.3 and Fig. 3.4.

g O.00mue + S0Crx

1 [?EEE_I_‘H..\ HEAL HYSE HAIHM  Tr 3.maU |
# L0DD ETI-T - PN

Fig. 3.3. Analyzer display of the impact pulse obtained by impacting
the calibration block

2 ?F'R'Eﬁ_il;? A1 | HAR IHPUT HALN  F1 FH. 4m |
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sp Dee ¢ 1. EkHe |

LETER-1 |

Fig. 3.4. Analvzer display of the T/magnitude frequency response
function of the calibration block



The calibration procedure is as follows:

1.

Set up the equipment in the configuration illustrated in Fig. 3.2. Connect the impact
hammer via it's charge amplifier to the “Ch. A" input of the analyzer, and the accel-
erometer via it's charge amplifier to the “Ch.B" input of the analyzer,

Suspend the calibration block from two cords of equal length, Attach the accelerom-
eter to the centre of one end of the calibration block {a threaded stud or wax may
be used for this purpose).

Assuming the use of a Type 4375 accelerometer, set the controls of the Charge
Amplifier Type 2635 for the accelerometer as follows:

Transducer Sens. (range): “g,1—1"
Transducer Sens. (pC/ ms_ﬂ}: “ 316"
mV/Unit Out: “3,16"
Upper Freq. Limit (kHz): “30"
Unit Out: “ms2

Set the controls of the Charge Amplifier Type 2635 for the hammer as follows:

Transducer Sens. (range): “1—11"
Transducer Sens. (pC/ ms‘z}: “3,60"
mV/Unit Out: “31,6"
Upper Freq. Limit (kHz): “30”
Unit Out: “mg

Select measurement “SETUP 19" on the dual channel signal analyzer. This is a
preprogrammed measurement set-up specifically for frequency response measure-
ments using impact excitation.

With reference to Fig, 3.3, change the averaging fields of the analyzer so that they
read:

AVERAGING: LIN =1

With reference to Fig. 3.3, change the channel A and channel B figlds of the analyzer
so that they read:

CH. A: - 3Hz DIR FILT:25.6kHz 31.6mV/N
CH. B: - 3Hz DIR FILT:25.6kHz 3.16mY/m/s®

Change the weighting function of channel B (the accelerometer channel) from EX
PONMEMTIAL to TRANSIENT weighting. The optimurm settings for transient
weighting window shift and window length depend on the width of the impact pulse.
However, a shift of approximately 8ms and a length of approximately 80ms in both
channel A and channel B will give satisfactory rasults,

The accuracy of the results can be increased by tapering the first and last 25 sam-

ples of the transient weighting function. To do this, make the following changes to
measurement set-up 19
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10,

11.

12.

13,

14,

Mowve the cursor to the bottom left-hand field of the analyzer screen and select
SPECIAL PARAMETER.

Select special parameter number 0 so that this field reads # 0 : MAIM KEY. Mow
select DEC WVALUE and set 2032 so that together these fields read DEC
VALUE: 2032,

Select special parameter number 16 so that this field reads # 16: TRANSIENT
TAPER L. Mow select DEC VALUE and set 25 so that together these fields read
DEC VALUE: 25.

Select special parameter number 17 so that this field reads # 17:  TRANSIENT
TAPER T. Mow select DEC WALUE and set 25 so that together these fields read
DEC VALUE: 25,

Press the “lnput Autorange" key on the analyzer and impact the calibration block
several times in succession to set the input attenuators of both channel A and
channel B. Stop when the word triggered appears at the bottom left hand corner
of the analyzer screen. The LED on the *Record Continuous™ key will be on. The
input attenuators are now set,

With reference to Fig. 3.3, select TIME CH. A and REAL in the display set-up field
of the analyzer.

Prass the “Averaging Start™ key. The LED on this key will light,
Being careful to avoid double hits, impact the calibration block with the same force
as when setting the input attenuators. Impact the block another four times. The

“Averaging Start” key LED will then go off,

Select 1/FREQ RESP H 1 and MAG in the display set-up fields of the analyzer.

A flat curve similar to that shown in Fig. 3.4 should be seen. In theory, a perfectly flat
curve across the frequency range should be obtained (that is, the magnitude would be
constant with frequency). However, as shown in Fig. 3.4, there is a slight variation in the
1ffraquency response function at low frequancies. This effect is caused by an unavoid-
able resonance in the hammer shaft. However, this resonance has been minimized by
careful design and will have a negligible effect on the accuracy of impact test
measuremsants.

Move the cursor to the flat area of the curve and read the y-axis value.

Finally, use the following equation to calculate the sensitivity of the impact hammer:

Sp=5. Y/ Mg, a

where 5, = Sensitivity of the impact hammer (pG/N)

S, = Sensitivity of the force transducer (pC/N)

¥ = y-axis value {1/magnitude of the frequency response function) (grams)

My .5y = Mass of the block and accelerometar (1229 + 2,4 g in this set-up)

)



The sensitivity, 5,, of this particular force transducer is 3,51 pC/N. The y-axis value is
78, 4grams {as can be seen from Fig. 3.3} and M, o is 124 4grams. Substituting these

values into the above equation gives S, equal to 2,28pC/N for this particular impact
hamrmer,



4. APPENDICES

4.1. FACTORY CALIBRATION METHOD
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The sensitivity of a force transducer is defined as the ratio of the electrical output to the
farce input. This is usually quoted in pico Coulombs/Newton (pC/N).

The Force Transducer Type 8203 is primarily designed for dynamic force measurements.
The reference sensitivity is measured by applying a dynamic force at a frequency of
159,2 Hz (1.000 Rads ).

Part of the set-up for obtaining the reference sensitivity is shown in Fig. 4.1. The force
transducer is subjected to a fixed acceleration, * 2" of 100ms™ controlled by a reference
accelerometer (Type 83085). The resulting output of the force transducer is measured
both with and without a load mass of 100grams mounted on top.
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Fig. 4.1. Part of the sef-up for determination of the reference
sansitivity

Let F, and F; be the dynamic forces applied to the force transducer with and without the

100 gram load mass, respectively. If the resulting charge cutputs in each case are g, and
gy, then:



where M = Load mass
= Top mass of the force transducer

5 = Sensitivity of force transducer

Therefore, the reference sensitivity is:

L R
§=——"
M- a

"

In the set-up, "M" and “a" are chosen so that F, - F, equals 10 Mewtons (that is
M. a = 10} The reference sensitivity (pC/N) is thus given by (g, - g}/ 10,

4.2. FORCE TRANSDUCER FREQUENCY RESPONSE

The response of a force transducer to a particular force is frequency dependent. This is
due to the inertial masses of the force transducer and the finite stiffnesses of the piezo-
electric discs. Fig. 4.2 shows a simplified model of a force transducer. The model con-
sists of a spring with a mass at each end (stiffness and inertial masses). The damping
present in the force transducer is insignificant and may therefore be neglected.

Tap

Fig. 4.2, Simplified mechanical model of the force transducer

Let the force acting on the quartz discs be F, and let the preload forces be F, and F,

acting on the base and the top respectively. According to Newton's second law of
motion:

Fo=Fp-mya,=F+ma,

where a, and a, are the accelerations of the base mass (m,) and the top mass (m,)
respectively.

To minimize the error due to the transducer's inertial masses, the transducer must be
mounted such that the smallest inertial mass is in contact with the surface on which the
force is to be measured (that is, the side of the transducer indicated by the arrow on it's
edge). This condition has been assumed for the following explanation of the error
caused by the inertial masses.
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The Force Transducer Type 8203 is primarily designed to have the exciting force trans-
mitted through it to the structure. Therefore, only this case will be considered in the
following analysis.

With reference to Fig. 4.3, the transducer frequency response is defined as:

Fo
Rlw) =2 (4.1)

)

wheara H{w) denotes the response at a frequency w

Using the impadance diagram in Fig. 4.3 we obtain:

F foo 11
Rlw) =2 =1+ 20 4.2)

r

where w = 2« fand "Z " is the impedance of the test structure
The response is therefore dependent on the top inertial mass and the impedance of the
structure {including maounting stiffness), but independent of the transducer stiffness.

This kind of response is measured using the measurement set-up shown in Fig. 4.3 and
is demonstrated by the curve on the calibration chart (Fig. 2.2).
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Fig. 4.3, Set-up for measurement of the force transmitted through the force transducer (left), the eguiva-
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lent mechanical model (centre) and impedance diagram (right)

The set-up shown in Fig. 4.3 consists of a structure of mass m, with a built-in accelear-
ometer having a very high resonance frequency and a Type 4290 Vibration Exciter for
transducer calibration. Keeping the acceleration of m, constant while sweeping the fre-
quency, F, in equaticn 4.1 is also constant and Riw) can be taken as F.{w) As long as
£ = jwm,, the curve should be flat (corresponding to equation 4.2). However, at high
frequencies, £ becomes spring-like {mounting stiffness) and the curve shows an anti-
resonance as derived from egquation 4.3,

2

L
Rlw)=1-—— 43
fuw) S (4.3}

where &, is the mounting stiffness.




In general, the frequency response is dependent not only on the force transducer but
also on how it is mounted and on the mechanical impedance of the structure and its
foundation.

4.3. SOURCES OF ERROR

There are three main sources of error in measuraments made with a force transducer.
Thesea are bending moments, transverse forces and temperature.

The maximum measured bending moment and transverse force sensitivities for the force
transducer are given in the specifications in Chapter 1. These sensitivities will vary with
the direction of the action and will, in general, be lower than the specified values. It is
therefore not possible to calculate exact errors in the force transducer output by analyti-
cal means. However, the following analysis will clarify how these influences act on the
force transducer. This analysis may also be used to calculate the order of magnitude of
these errors and therefore the possible influence on the measured rasults.

Fig. 4.4 (left) illustrates an unwanted force “A" acting at a distance "x" from the centre
of the sensing element. This will result in a bending moment, A.x, which produces an
erroneous charge at the output of the force transducer given by:

Q= S A X
where S = Bending Moment Sensitivity
In Fig. 4.4 {right), an unwanted transverse force “B" is acting at a distance "v" from the
centre of the sensing element, In this case, there are two sources of arror. One due to
the transverse sensitivity of the force transducer and the other due to a bending moment
E.y. The total error charge is then given by:

Qp=5rB+ Seu B Y

where 5 = Transverse Sensitivity (this is given in the specifications as a percentage of
the axial sensitivity)

The sensitivity of the force transducer will vary slightly with temperature. The typical
variation in sensitivity with temperature from - 55°C to 150°C is given in the calibration
chart. The force transducer must not be subjected to temperatures above 150°C as
parmanent changes in the sensitivity will result.
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Fig. 4.4. The force transducer subjected to a bending moment (left)
and to a transverse force [right)
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