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Foreword

This standard was drafted according to the rules in GB/T 1.1-2009. 

This standard is under the jurisdiction of National Standardization Technical Committee of Non-ferrous Metals (SAC/TC 243).

This standard was drafted by Ningbo Powerway Alloy Material Co.,Ltd, Henan Yuantong Technology Development Co., Ltd, Ltd, CSR Zhuzhou Electric Co., Ltd and Yongji Xinshisu Electric Equipment Co., Ltd.

Major drafters of this standard are Liu Qing, Yuan Ling, Wu Shunhai, Miao Guoming, Cai Jihua, Yang Zhenzhong, Xu Youfei, Huang Xiaoyun, Xu Gaiwen and Ding Luzhen. 

Conductive copper and copper alloy profile
for the traction motors
1 Scope

This standard specifies the product classification, requirements, test methods, inspection rules, marking, packaging, transportation, storage, certificate of quality and contract (or purchase order) of the conductive copper and copper alloy profiles for traction motors.
This standard is applicable to the conductive copper and copper alloy profiles used in all kinds of traction motors in the transportation industry (including high speed rail).

2 Normative References

The following documents are indispensable for the application of this document. For dated references, only the dated editions are suitable for this standard. For undated references, the latest edition of the references, including any amendments referred to applies.

GB/T 228.1-2010
Metallic materials — Tensile testing — Part 1: Method of test at room temperature
GB/T 231.1
Metallic materials — Brinell hardness test — Part 1: Test method

GB/T 232
Metallic materials — Bend test

GB/T 351
Metallic materials — Resistivity measurement method
GB/T 2828.1
Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by acceptance quality limit (aql) for lot-by-lot inspection
GB/T 3310
Ultrasonic testing method of copper and copper alloy bars
GB/T 4338
Metallic materials — Tensile testing at elevated temperature
GB/T 5121 (All Parts)
Methods for chemical analysis of copper and copper alloys
GB/T 5231
Designation and chemical composition of wrought copper and copper alloys
GB/T 8888
Wrought heavy non-ferrous metal products — Packing, marking, transporting , storing and cetificate of quality
GB/T 23606
Copper-Hydrogen embrittlement test method
GB/T 26303.2
Measuring methods for dimensions and shapes of wrought copper and copper alloy — Part 2: Rod, wire and profile

YS/T 347
Copper and copper alloys — Estimation of average grain size
YS/T 478
The Method for electrical conductivity measurement of copper and copper alloys by use of eddy current
YS/T 482
Methods for analysis of copper and copper alloys — The atomic emission spectrometry
YS/T 483
Methods for analysis of copper and copper alloys — X-ray fluorescence spectrometric (wavelength dispersive)
YS/T 668
The Sampling method of physical and chemical testing for copper and copper alloys
YS/T 815
Preparation method of test pieces for mechanical and technological properties of copper and copper alloys
JB/T 9218
Non-destructive testing — Penetrant testing
3 Product Classification

3.1 Designation, Temper, and Specification

The designation and temper of the profiles shall conform to Table 1.

The profiles shall conform to the specification requirements in Table 2. The width a and b, height h and length l of the products are shown in Figure 1.
Table 1  Designation and Temper of Profiles
	Designation
	Code
	Temper

	TU1
	T10150
	O65(drawing annealed), H04(hard)

	TP1
	C12000
	

	TUAg0.1
	T10530
	H04(hard)

	TCr1-0.15
	C18150
	TH04(solution heat treated, cold worked to full hard, and precipitation hardened)

	TCr1-0.18
	T18160
	

	HB90-0.1
	T22130
	H04(hard)

	HCr90-0.3
	-
	

	H90
	C22000
	

	Note: If products with other designations or tempers are required by the purchaser, it shall be negotiated between the supplier and the purchaser.


                     Table 2  Specification of Profiles              Unit: mm
	Width of rectangle a
	Upper width of trapezoid a
	Lower width of trapezoid b
	Height of rectangle or trapezoid h
	Length of rectangle or trapezoid l

	5.0 - 20.0
	6.0 - 15.0
	4.0 - 10.0
	15.0 - 40.0
	200.0 - 1 200.0

	Note: By mutual agreement between the supplier and the purchaser, the profiles with other specifications can be supplied.
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Remark:

a- Width of rectangle or upper width of trapezoid

b- Lower width of trapezoid

h- Height of rectangle or trapezoid

l- Length of rectangle or trapezoid

Figure 1  Schematic of Profiles
3.2 Examples of Marking

The products shall be marked in the sequence of product name, standard number, designation (or code), temper and specification. The examples of marking are shown as below:

Example 1: The rectangular profiles are made of TU1 (T10150), the temper is H04, the width is 7.0mm, the height is 21.0mm and the length is 200.0mm. This product can be marked as following:

Rectangular profiles GB/T 30852-TU1 H04-7.0×21.0×200.0 

or 

Rectangular profiles GB/T 30852-T10150 H04 -7.0×21.0×200.0 

Example 2: The trapezoidal profiles are made of TCr1-0.15 (C18150), the temper is TH04, the upper width is 9.0mm, the lower width is 7.0mm, the height is 21.0mm and the length is 200.0mm. This product can be marked as following:

Trapezoidal profiles GB/T 30852-TCr1-0.15 TH04-9.0×7.0×21.0×200.0

or 

Trapezoidal profiles GB/T 30852-C18150 TH04-9.0×7.0×21.0×200.0 

4 Requirements

4.1 Chemical Composition

The chemical composition of TU1, TUAg0.1, TP1, TCr1-0.15, TCr1-0.18 and H90 shall conform to the rules in GB/T 5231 and the chemical composition of the other designations shall conform to the requirements in Table 3.

Table 3  Chemical Composition of Profiles
	Designation
	Chemical composition/%

	
	Cu
	B
	Cr
	Fe
	Si
	Pb
	Zn
	Sum of impurities

	H90-0.1
	90.0 - 91.0
	0.01 - 0.15
	—
	0.05
	0.2
	0.02
	Rem.
	0.5

	HCr90-0.3
	90.0 - 91.0
	—
	0.2 - 0.4
	0.05
	—
	0.02
	Rem.
	0.5

	Note1: The element whose content has upper and lower limit is matrix element or alloying element. The element whose content is a single value is impurity element, and this single value stands for the upper limit.

Note2: The sum of impurities is the total of the measured value of the listed impurity elements in this table.

Note3: For alloys in which Zn is listed as "Rem.", Zn is the difference between the sum of results for all elements determined and 100%. 

Note4: By negotiation between the supplier and the purchaser, the limit of unspecified elements can be established and the limit of some specified elements can be stricter.


4.2 Dimensions and Tolerances 

4.2.1 The tolerances of dimensions in the cross section of the profiles shall conform to the requirements in Table 4.

Table 4  Specification and Corresponding Tolerances of Profiles      Unit: mm

	Shape
	Width of rectangle a
	Upper width of trapezoid a
	Lower width of trapezoid b
	Height of rectangle or trapezoid h
	Length of rectangle or trapezoid l

	Range
	5.0 - 20.0
	6.0 - 15.0
	4.0 - 10.0
	15.0- 40.0
	200.0 - 1200.0

	Allowable tolerances
	0

-0.05
	0

-0.05
	0

-0.05
	0

-0.10
	0

-2.0

	Note1: By mutual agreement between the supplier and the purchaser, the profiles with other dimensions and tolerance can be supplied.

Note2：If the purchaser requires upper and lower tolerances, the values are the half of the corresponding value in the table.


4.2.2 Edge Shape

Normally, the rectangle and trapezoid profiles shall have rounded corners as shown in Figure 1. It shall conform to the requirements in Table 5 if required during ordering.

        Table 5  Corner Radius of Rectangle and Trapezoid Profiles     Unit: mm   

	Width of rectangle or upper width of trapezoid
	Corner radius R

	5 - 10
	0.5 - 1.0

	>10 - 20
	1.0 - 3.0

	Note: By mutual agreement between the supplier and the purchaser, the profiles with other corner radius can be supplied.


4.2.3 Flatness

The flatness deviation shall conform to the requirements in Figure 2.
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Figure 2  Flatness Deviation

4.2.4 Straightness

The straightness deviation of the whole profile shall conform to the requirements in Figure 3.
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Figure 3  Straightness Deviation

4.2.5 Twist

The twist tolerance, which is precise to 1°, cannot be more than 1° per 300mm even in the case that the whole length less than 300mm, and the total twist tolerance shall be limited to 2° in the full-length of the profile.

4.2.6 Roughness

The roughness shall conform to the requirements in Figure 4.
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Figure 4  Roughness

4.3 Mechanical Properties
The longitudinal mechanical properties and hardness of the profiles shall conform to the requirements in Table 6. Proof strength shall be tested when required by the purchaser.

Table 6  Mechanical Properties

	Designation
	Temper
	Tensile strength Rm,
MPa
	Proof strength Rp0.2,
MPa
	Elongation A100mm,
%
	Brinell 

Hardness, HB

	
	
	Room temperature
	High temperature
(350℃)
	Room temperature
	High temperature
(350℃)
	Room temperature
	High temperature
(350℃)
	Room temperature

	TU1
	H04
	≥260
	—
	≥220
	—
	≥18
	—
	≥70

	
	O65
	195 - 255
	—
	≥55
	—
	≥25
	—
	≥47

	TP1
	H04
	≥260
	—
	≥220
	—
	≥18
	—
	≥70

	
	O65
	≥230
	—
	≥160
	—
	≥18
	—
	≥65

	TUAg0.1
	H04
	≥275
	—
	≥230
	—
	≥12
	—
	≥75

	TCr1-0.15,
TCr1-0.18
	TH04
	≥360
	—
	≥275
	—
	≥15
	—
	≥110

	HB90-0.1,
HCr90-0.1
	H04
	≥330
	≥245
	≥270
	—
	≥15
	≥5.2
	≥75

	H90
	H04
	≥294
	-
	≥120
	—
	≥15
	—
	—

	Note: By mutual agreement between the supplier and the purchaser, the profiles with other mechanical properties can be supplied and the specific requirements shall be specified in the contract.


4.4 Electrical Properties
The electric conductivity of the profiles at room temperature (20℃) shall conform to the requirements in Table 7. 

Table 7  Electrical Properties
	Designation
	Temper
	 Volume resistivity Ω×mm2/m
	Electric conductivity  
%IACS
	Electric conductivity MS/m

	TUAg0.1
	H04
	≤0.01777
	≥97.0
	≥56.3

	TU1
	H04
	≤0.01777
	≥97.0
	≥56.3

	
	O65
	≤0.01724
	≥100.0
	≥58.0

	TP1
	H04
	≤0.01818
	≥94.8
	≥55.0

	
	O65
	≤0.01754
	≥98.3
	≥57.0

	TCr1-0.15, TCr1-0.18
	TH04
	≤0.02270
	≥75.9
	≥44.0

	HB90-0.1,HCr90-0.3
	H04
	≤0.04310
	≥40.0
	≥23.2

	H90
	H04
	0.03800 - 0.04200
	41.0 - 45.4
	23.8 - 26.3


4.5 Non-destructive Test
Ultrasonic and penetration inspection can be conducted for the profiles when required by the purchaser. The requirements shall be negotiated by the supplier and the purchaser.

4.6 Bending Properties
Bending test can be conducted for the profiles when required by the purchaser. The requirements shall be negotiated by the supplier and the purchaser.

4.7 Hydrogen Embrittlement Test

Hydrogen embrittlement testing can be conducted for the profiles of TU1, TUAg0.1 and TP1 when required by the purchaser. After testing, the profiles shall have no cracks.

4.8 Grain Size 

Grain size testing can be conducted for the profiles when required by the purchaser. The requirements shall be negotiated by the supplier and the purchaser.

4.9 Surface Quality

The profiles shall be clean and free of surface defects that affect their applications.

5 Test Methods

5.1 Chemical Composition

The chemical composition of the profiles shall be analyzed in accordance with the standards of GB/T 5121, YS/T 482, and YS/T 483. For arbitration, the tests shall be in accordance with GB/T 5121.

5.2 Dimensions

The dimensions of the profiles shall be measured in accordance with GB/T 26303.2 and the tools with corresponding measuring accuracy shall be applied.

5.3 Mechanical Properties

5.3.1 The room temperature mechanical properties of the profiles shall be tested in accordance with GB/T 228.1-2010. The sample number is R4.

The elevated temperature tensile properties of the profiles shall be tested in accordance with GB/T 4338. The sample number is GP6.

5.3.2 The hardness of the profiles shall be tested in accordance with GB/T 231.1.

5.4 Electrical Properties
The electrical properties of the profiles shall be tested in accordance with GB/T 351 or YS/T 478. For arbitration, the tests shall be in accordance with GB/T 351.

5.5 Non-destructive Test
The non-destructive test of the profiles shall be in accordance with GB/T 3310 and JB/T 9218.

5.6 Bending Test  

The bending test of the profiles shall be in accordance with GB/T 232.

5.7 Hydrogen Embrittlement Test

The hydrogen embrittlement test of the profiles shall be in accordance with GB/T 23606. For arbitration, the closed bending test in GB/T 23606 shall be chosen.

5.8 Grain Size 

The grain size of the profiles shall be tested in accordance with YS/T 347.

5.9 Surface Quality

The surface quality of the profiles shall be evaluated by means of visual inspection.

6 Inspection Rules

6.1 Inspection and Acceptance

6.1.1 The profiles shall be inspected by the technical supervision department of the supplier. The supplier is responsible for the quality of the material which shall be in accordance with this standard and the contract (or purchase order). The quality certificate shall be offered.
6.1.2 The purchaser shall inspect the received products according to this standard. If the inspection results fail to meet this standard and the contract (or purchase order), the purchaser shall inform the supplier, and negotiate a resolution. In case of disagreement with surface quality and dimension, the purchaser shall inform the supplier within one month after receiving the products. For any other disagreement, the purchaser shall inform the supplier within 3 months of receiving the products. In case of arbitration, the sampling should be conducted by both sides.

6.2 Lot

The profiles shall be inspected in lots with the same designation, temper and specification. The weight of each lot shall not exceed 1500Kg.

6.3 Inspection Items

6.3.1 Each lot of profiles shall be inspected on chemical composition, dimensions and tolerances, mechanical properties, electric conductivity and surface quality.

6.3.2 If required by the purchaser, each lot of profiles shall be inspected on non-destructive test, bending properties, hydrogen embrittlement test and grain size.

6.4 Sampling

The sampling of the profiles shall conform to the rules in Table 8 and the sampling methods shall be in accordance with YS/T 668. Sample preparation for mechanical properties and technological properties shall be in accordance with YS/T 815.

Table 8  Sampling

	Inspection item
	Sampling rules
	Chapter number for the requirements
	Chapter number for the test method

	Chemical composition
	The supplier shall take one specimen per furnace, while the purchaser shall take one specimen per lot.
	4.1
	5.1

	Dimensions and tolerances
	The specimen shall be taken in accordance with GB/T 2828.1 (test level Ⅱ or negotiate between the supplier and the purchaser). The acceptance quality limit (AQL) is 2.5.
	4.2
	5.2

	Mechanical properties
	Take two profiles per lot randomly, one specimen per profile
	4.3
	5.3

	Electrical properties
	Take two profiles per lot randomly, one specimen per profile
	4.4
	5.4

	Non-destructive test
	Inspect the profiles piece by piece
	4.5
	5.5

	Bending properties
	Take two profiles per lot randomly, one specimen per profile
	4.6
	5.6

	Hydrogen 

embrittlement test 
	Take two profiles per lot randomly, one specimen per profile
	4.7
	5.7

	Grain size
	Take two profiles per lot randomly, one specimen per profile
	4.8
	5.8

	Surface quality
	The specimen shall be taken in accordance with GB/T 2828.1 (test level Ⅱ or negotiate between the supplier and the purchaser). The acceptance quality limit (AQL) is 2.5.
	4.9
	5.9


6.5 Evaluation of Inspection Results

6.5.1 If the chemical composition of the profiles fails to conform to this standard, the entire lot shall be considered as unqualified.

6.5.2 If the dimensions, tolerances and surface quality of a profile fail to conform to this standard, the profile shall be considered as unqualified. When the quantity of unqualified products in each lot exceeds the AQL, the entire lot shall be considered as unqualified, or the supplier shall inspect the products piece by piece and deliver the qualified products.
6.5.3 If any test of mechanical properties, electrical properties, bending properties, hydrogen embrittlement and grain size fails to conform to this standard, double additional specimens shall be taken from the tested lot (with one from the unqualified profile) and tested again. If the tests of these double additional specimens （two specimens） meet requirements of this standard, the entire lot shall be considered as qualified. If either of these double additional specimens （two specimens） is substandard, the entire lot shall be considered as unqualified, or the lot shall be re-treated by the supplier.

6.5.4 If the non-destructive test of a profile fails to conform to this standard, the profile shall be considered as unqualified.

7. Marking, Packaging, Transportation, Storage and Certificate of Quality

The marking, packaging, transportation, storage and certificate of quality of the profiles shall be in accordance with GB/T 8888.

8. Contents of Contract (or Purchase Order)
When ordering the material listed in this standard, the contents of the contract or purchase order shall include the following information:

a)  Product name;
b)  Designation;
c)  Temper;
d)  Specification;
e)  Weight;
f)  Non-destructive test, bending properties, hydrogen embrittlement test and grain size( when required by the purchaser);
g)  This standard serial number;
h)  Others.                                               
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