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1. Introduction

The 894 & 895 LCR meters provide measurement functions for basic parameter testing of
transformers (see Figure 1). Along with the use of test fixture TL89T1, the 894 and 895 can test
the primary and secondary inductance (L2A, L2B), turn ratio (N, 1/N), mutual inductance (M),
primary and secondary direct-current resistance (R2) of a transformer directly. Additionally, 894
and 895 can indirectly test two other common parameters of the transformer: winding
equivalent capacitance C,, and leakage inductance Ly.

NOTE: “2”in L2A, L2B, and R2 indicates two terminal measurement method to differentiate from
four-terminal measurement.

The LCR meters are designed to provide simple transformer measurement methods that are
limited by the two-wire test terminal method. While using the built-in bias voltage source, bias
tests can be made for transformer windings.

R R:

Figure 1 - Transformer Parameters

It is not recommended to replace the test fixture of TL89T1 with other third party connectors or
test accessory.



2. Direction Transformer Tests

TL89T1

Common

Figure 2 - Transformer Test Connection

In Figure 2, the winding connected to the Hpot terminal is defined as the primary (winding
A)and the winding connected to the Hcur terminal is defined as the secondary (winding B).
Before performing a transformer test, the appropriate test level and test frequency should be
selected.

After selecting the parameter and connecting the transformer test fixture, perform an open and
short correction. For short correction, if the primary parameter is L2A, short the Hpot terminal
and the low terminal. If the primary parameter is L2B, short the Hcur terminal and the low
terminal.

2.1.1 Correction process

To remove the inherent stray capacitance of the TL89T1 that increases measurement error, first
perform an Open correction, then a Short correction. Figure 3 and Figure 4 shown below
illustrates the proper lead connections for either correction. In the case of an Open correction,
connect the clips from “A” to “B” together and connect the two common clips together (see
Figure 3). In the case of a Short correction connect all for clips together (see Figure 4). Once the
leads have been connected properly, follow the correction procedure in the 894/895 user
manual.



TL8IT1

Common

Figure 3 - Open Correction

TL89T1

Common

Figure 4 - Short Correction




2.1.2 Primary and secondary inductance L2A, L2B

After connecting the test fixture and the transformer according to Figure 2 and performing the
correction process, primary inductance can be measured if the primary parameter L2A is
selected. The secondary inductance can be measured if the primary parameter L2B is selected.

With L2A selected, the signal source exists in the transformer primary polarity. With L2B
selected, the signal source exists in the transformer secondary polarity.

2.1.3 Turn ratio and polarity measurement N, 1/N

The 894 & 895 adopts the method of voltage ratio to measure the turn ratio directly. When the
secondary parameter selects N or 1/N, it can measure the turn ratio.

When N or 1/N appears to be negative, this indicates that it the non-dotted terminal of the
transformer connected to the Hcur and Hpot terminal.

N : 1

Figure 5 - Direct measurement of turn ratio by voltage ratio method

When the measurement parameter is L2A-N, N is the turn ratio of primary to secondary.

When the measurement parameter is L2B-N, N is the turn ratio of secondary to primary.



NOTE: The 894 & 895 are suitable for the measurement of the turn ratiowhen N2 1. IFN < 1,
it may result in measurement error due to large amplitude of the sampled signal. Therefore,
select L2A or L2B correctly before measurement.

In general, if the turn of winding A is larger than winding B, select L2A-N. Otherwise, select L2B-

N.

2.1.4 Mutual inductance

Mutual inductance (M) adopts a direct measurement method. After connecting the transformer
according to Figure 6, mutual inductance can be measured when the secondary parameter is

selected as M.
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Figure 6 - Direct measurement method of mutual inductance

Similar to the measurement of the turn ratio, if the turn of winding A is larger than winding B,
select L2A-M. Otherwise, select L2B-M.



2.1.5 Direct current resistance measurement

Select L2A-R2 to measure the primary inductance and primary direct current resistance.

In the LCR function menu, select Ls-DCR to measure the inductance and direct current
resistance for some winding of the transformer with a four-wire terminal setup. After selecting
Ls-DCR, press [PARA A again to turn off the AC test and enter into the DCR independent test
status.

Whether it is L2A-R2, L2B-R2 or Ls-DCR, measurements are alternated between AC/DC.

NOTE: When measuring high resistance, especially large inductive components, unsteady
measurements or test errors may result due to long unstable period of the signal.

3. Indirect Transformer Tests

3.1.1 Leakage inductance Lg

The Ls measurement function of the LCR meter can be used to test the leakage inductance, as
shown in Figure 7.
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Figure 7 - Leakage inductance measurement of transformer

In transformer measurement mode, disconnect Hcur terminal and connect with the secondary
polarity in short circuit to measure the primary Lx with L2A. Disconnect Hpot terminal and
connect with the primary polarity in short circuit to measure the secondary Ly with L2B.



3.1.2 Winding capacitance Co

The equivalent capacitance of the transformer winding can be measured using the Cp
measurement function of the LCR meter.
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Figure 8 - Capacitance measurement of transformer winding

4. Specifications

Measurement parameters: L, M, N, & DCR
Frequency range: DC to 100 kHz

Max. DC Bias: +42 'V

Weight: 240 g

Operating temperature: 0 °C to 40 °C
Storage temperature: -10 °C to 70 °C
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Transformer Measurement

Aiming at the rapidly increased demand for electronic transformer,The TH2827A894 & 895 LCR meters provides measurement functions for basic parameters testing of transformers (see Figure 1). Coordinating withAlong with the use of test fixture of TH26038TL89T1, the instrument 894 and 895 can easily test the primary and secondary inductance (L2A, L2B), turn ratio (N, 1/N), mutual inductance (M), primary and secondary direct-current resistance (R2) of the a transformer directly. AlsoAdditionally, 894 and 895 it can indirectly test another two other common parameters of the transformer indirectly: winding equivalent capacitance Co, and leakage inductance Lk.



		NOTE:   “2” in L2A, L2B, and R2 indicates two terminal measurement method to differentiate from four-terminal measurement.







NOTE: where, “2” in L2A, L2B, R2 indicates two terminal measurement method to differ from four-terminal measurement in LCR.



TH2827A is The LCR meters are designed to provide simple easy and cheap transformer measurement methods that are l. Limited to by the two-wire test terminal method, transformer measurement can only adopt two-wire method.  Consequently, its measurement accuracy is inferior to four-terminal measurement in LCR manner.

While uUsing the built-in bias voltage source of TH2827A, bias tests can be made for transformer windings.	Comment by Greg VonRehder: I don't know what this means



[image: ]

Figure 1 - Transformer Parameters





Figure 5-15 Schematic diagram for transformer and its parameter



It is not recommended to replace the test fixture of TH26038TL89T1 with independent connectorother third party connectors or test accessory, because the shield terminal of four test terminals should develop a reliable short circuit to form four-terminal pair..











Direction Transformer Tests







[bookmark: _Ref473883669]Figure 2 - Transformer Test Connection
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Figure 5-17 Schematic diagram for transformer test connection



In  Figure 2,figure 5-17, the winding connected to the Hpot terminal is defined as the primary (, winding A;)and  the winding connected to the Hcur terminal is defined as the secondary (, winding B). 

Before performing a transformer test, the appropriate test level and test frequency should be selected.



After selecting the parameter and connecting the transformer test fixture, conduct perform an open and short correction.short circuit and open circuit reset. When in  For short circuit correctionreset, if the primary parameter is L2A, short the Hpot terminal should realize reliable short circuit withand the low terminal.; Iif the primary parameter is L2B, short the Hcur terminal should realize reliable short circuit withand the low terminal.





Correction process

To remove the inherent stray capacitance of the TL89T1 that increases measurement error, first perform an Open correction, then a Short correction. Figure 3 and Figure 4 shown below illustrates the proper lead connections for either correction. In the case of an Open correction, connect the clips from “A” to “B” together and connect the two common clips together (see Figure 3). In the case of a Short correction connect all for clips together (see Figure 4). Once the leads have been connected properly, follow the correction procedure in the 894/895 user manual.

 





[bookmark: _Ref473883541]Figure 3 - Open Correction







[bookmark: _Ref473883543]Figure 4 - Short Correction





Primary and secondary inductance L2A, L2B



[bookmark: _Toc444528413]Primary and secondary inductance L2A, L2B

After connecting the test fixture and the transformer according to Figure 2figure 5-17 and performing the correction process, primary inductance can be measured i if the primary parameter selects L2A is selected.  The  and secondary inductance can be measured if the primary parameter selects L2B is selected.



When selectingWith  L2A selected, the signal source exists in the transformer primary polarity.  With;

When selecting L2B selected, the signal source exists in the  transformer secondary polarity.



[bookmark: _Toc444528414]Turn ratio and polarity measurement N, 1/N

TH2827AThe 894 & 895 adopts the method of voltage ratio to measure the turn ratio directly. When the secondary parameter selects N or 1/N, it can measure the turn ratio.



When N or 1/N appears to be negative, indicating this indicates that it is the non-dotted terminal of the transformer connected to the Hcur and Hpot terminal.



                             

Figure 5 - Direct measurement of turn ratio by voltage ratio method



[image: ]

Figure 5-18 Direct measurement of turn ratio by voltage ratio method



When the measurement parameter is L2A-N, N is the turn ratio of primary to secondary.;



When the measurement parameter is L2B-N, N is the turn ratio of secondary to primary.





NOTE: TH2827A is suitable for the measurement of turn ratio when N≥1. If N<1, it may results in measurement error due to large amplitude of the sampled signal. Therefore, please select L2A or L2B reasonably before measurement.

		NOTE: The 894 & 895 are suitable for the measurement of the turn ratio when N ≥ 1. If N < 1, it may result in measurement error due to large amplitude of the sampled signal. Therefore, select L2A or L2B correctly before measurement.







In general, if the turn of winding A is larger than winding B, select L2A-N.,  O otherwise, select L2B-N.	Comment by Greg VonRehder: 

 

Mutual inductance

HINT: After setting N-REF (＞1) in limit table, N or 1/N appears to be the turns of transformer primary or secondary polarity directly. Refer to the setup of N-REF in chapter 4.

[bookmark: _Toc444528415]Mutual inductance M

Mutual inductance (M) adopts a direct measurement method. After connecting the transformer according to Figure 6figure 5-17, mutual inductance can be measured when the secondary parameter is selects selected as M.
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[bookmark: _Ref473884010]Figure 6 - Direct measurement method of mutual inductance







Figure 5-19 Direct measurement method of mutual inductance



Similar to the measurement of the turn ratio, if the turn of winding A is larger than winding B, select L2A-M, . o Otherwise, select L2B-M.



[bookmark: _Toc444528419]Direct current current rresistance mmeasurement R2, DCR

Select L2A-R2 to measure the primary inductance and primary direct current resistance.;



In the LCR function menumanner, select Ls-DCR to measure the inductance and direct current resistance for some winding of the transformer with a four-wire terminal setupterminal manner. After selecting Ls-DCR, press PARA A again to turn off the AC test and enter into the DCR independent test status.





Whether it is L2A-R2, L2B-R2 or Ls-DCR, measurements are alternated between AC/DC. 



		NOTE: When measuring high resistance, especially large inductive components, unsteady measurements or test errors may result due to long unstable period of the signal.





As for the measurement of high resistance, especially large inductance components, it may lead to unsteady measurement or test error due to long stable period of signal.



TH2827A supports DCR independent measurement. With constant direct current signal to measure DCR in order to expand the application scope of DCR measurement.



[bookmark: _Toc444528420]Indirect Transformer Tests

Leakage inductance Lk

Leakage inductance is not the direct measurement parameter of TH2827A. According to the definition of theThe transformer leakage inductance, Ls measurement with LCR function of the LCR meter can be used to simply test the leakage inductance, as shown in Figure 7figure 5-20.



As for the test line, TH26011 can be used.

[image: ]

[bookmark: _Ref473884275]Figure 7 - Leakage inductance measurement of transformer
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Figure 5-20 Leakage inductance measurement of transformer



In transformer measurement mode, disconnect Hcur terminal and connect with the secondary polarity in short circuit to measure the, primary Lk withcan be measured with L2A. ; Ddisconnect Hpot terminal and connect with the primary polarity in short circuit to measure, the secondary Lk can be measured with L2B.



[bookmark: _Toc444528421] Winding capacitance Co

The equivalent capacitance of the transformer winding can be measured withusing the Cp parameter in LCR mannermeasurement function of the LCR meter.



                         [image: ]

Figure 8 - Capacitance measurement of transformer winding





Figure 5-21Capacitance measurement of transformer winding

As for the test line, TH26011 can be used.

[bookmark: _Toc444528422]Setup example of comparator	Comment by Greg VonRehder: I think everything beyond here is not needed for the TL89T1 instructions?

TH2827A provides complete comparator function. It is convenient for component measurement and judgment, incoming and outgoing quality inspection in production line. Standard configuration of HANDLER interface makes it realize automatic sorting measurement system. 

The concept and specific operation of the comparator has been described in the preceding chapter. Here are two setup examples.

[bookmark: _Toc444528423]Capacitor sorting

Capacitor type: 0805CG271

Basic requirements: the capacitance is divided into two bins: BIN J and BIN K. When the capacitance passes and the loss fails, it will be sorted additionally.

Measurement parameters: frequency of 100kHz, level of 1Vrms, SLOW, FAIL alarm and external trigger.

Sorting parameters: J bin -4.6% ~ +4.8%, K bin -9% ~ +10%, loss tg < 0.15%.



The parameters needed to be set in this example are listed below:

		Primary parameter（FUN1）

		Cp



		Secondary parameter（FUN2）

		D



		Frequency（FRQ）

		100kHz



		Level（LEV）

		1V



		Speed（SPEED）

		SLOW



		Switch of auxiliary bin（AUX）

		ON



		Tolerance Mode of primary parameter（MODE）

		%TOL (percentage tolerance mode)



		Nominal value（NOMINAL）

		270pF



		Lower limit of BIN1（BIN1 LOW）

		-4.6%



		Upper limit of BIN1（BIN1 HIGH）

		4.8%



		Lower limit of BIN2（BIN2 LOW）

		-9%



		Upper limit of BIN2（BIN2 HIGH）

		10%



		Lower limit of secondary parameter（2nd  LOW）

		0.0000



		Lower limit of secondary parameter（2nd  LOW）

		0.0015



		Trigger mode（TRIG）

		EXT（external）



		Alarm mode（CMP ALARM）

		POOR ALARM（HIGH LONG）







Specifications

Measurement parameters: L, M, N, & DCR

Frequency range: DC to 100 kHz

Max. DC Bias: +42 V

Weight: 240 g

Operating temperature: 0 ⁰C to 40 ⁰C

Storage temperature: -10 ⁰C to 70 ⁰C
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								  			        v020317Instruction:



1. For small capacitance, equivalent parallel mode should be selected.

2. When any bin of the capacitance passes but loss fails, it will be archived additionally. Now, auxiliary bin should be set as ON and it will be sorted into AUX BIN. If the AUX BIN is set as OFF, it will be judged as FAIL when loss fails.

3. Because the given upper and lower limit is based on the percentage tolerance of nominal value 270pF, the primary parameter should select %TOL percentage mode.



Specific setup:

In MEAS DISP page, select Cp-D and set the frequency, level and speed.

Press SETUP key to enter into the MEAS SETUP page and change the TRIGGER MODE as EXT (external trigger). 

Press SETUP---LIMIT to enter into the LIMIT TABLE SETUP page and set the nominal value, primary parameter tolerance mode, upper/lower limit parameter, comparator switch and auxiliary bin switch.

Press SYSTEM key to enter into the SYSTEM SETUP page (System Config), find FAIL BEEP item and set it as HIGH LONG.

Return to the MEAS DISP page after setup.

[bookmark: _Toc444528424]Operation example of load calibration

Operation steps

Test condition

Frequency: 100kHz

Cp: 11nF

D: 0.0005

Press [SETUP], the following soft keys will be displayed in the soft key zone: MEAS SETUP, CALIBRATION, LIMIT SETUP, LIST SETUP, FILE MANAGE and TOOL.

Press CORECTION to enter into the <CALIBRATION> page.

Move the cursor to Open, the following soft keys will be displayed in the soft key zone: ON, OFF and MEAS OPEN.

Press ON to turn on the open calibration function.

Move the cursor to Short, the following soft keys will be displayed in the soft key zone: ON, OFF and MEAS SHORT.

Press ON to turn on the short calibration function.

Move the cursor to LOAD, the following soft keys will be displayed in the soft key zone: ON and OFF.

Press ON to turn on the load calibration function.

Move the cursor to FUNC, this zone will display Cp-D. Meanwhile Cp—…→，Cs—…→，Lp—…→，Ls—…→，Z—…→，↓ will be displayed in the soft key zone.

Press Cp-D to select the Cp-D function.

Move the cursor to FREQ zone, the following soft keys will be displayed in the soft key zone: ON, OFF, MEAS OPEN, MEAS SHORT and MEAS LOAD.

Press ON to turn on the point-frequency calibration function of FREQ.

Press [1][0][0], +100 will be displayed in the prompt information zone and the soft key zone will display the following available units: Hz, kHz and MHz. Press kHz, the FREQ zone will be changed as 100.000kHz (the same with the test frequency).

Move the cursor to the REF A: zone of the FREQ. Press [1][1], +11 will be displayed in the prompt information zone and the following available units will be displayed in the soft key zone: p, n, μ, m and k. Press n, this zone will be changed as 11.0000nF.

Move the cursor the REF B: zone of the frequency 1. Press [0][.][0][0][0][5], +0.0005 will be displayed in the prompt information zone and the following available units will be displayed in the soft key zone: p, n, μ, m and k. Press [ENTER], this zone will be changed as 0.00050.

Move the cursor to FREQ. The following soft keys will be displayed: ON, OFF, MEAS OPEN, MEAS SHORT and MEAS LOAD.

Hold the test fixture be in open status and keep user’s hands or other interference source be far away from the test fixture. Press the soft key MEAS OPEN to execute open calibration.

Insert the short plate (TH26010) into the test fixture. Please ensure that the short plate and the reeds of the test fixture have good contact.

Press the soft key MEAS SHORT to execute short calibration.

Insert a standard capacitance into the test fixture. Please ensure that the pins of the standard capacitance have good connection with the reeds of the test fixture.

Press the soft key MEAS LOAD to execute load calibration.

Note

Because of the different software editions, the soft keys and status information may be different form this book, but it may not affect users’ understanding.

The load calibration is only valid for the components with the same specification. If the specification is changed, it is required to redo load calibration.
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